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Summary

A survey was conducted of total sulfides withintlStation 23 in Melbourne, Florida’s
north end sewerage collection system. Pretreatneentts over two weeks of testing
indicated that hydrogen sulfide within the air raddrom 500 ppm to over 1000 ppm.
Total sulfides within the wastewater column avedafyjem 9 ppm to 12 ppm over two 24
hour sampling events.

Flows into LS 23 range from 1.5 MGD to 2.1 MGD.

The calculated dosage of VTX/peroxide necessaaghieve successful reduction of
sulfides to less than 1.5 ppm within the water soiland less than 200 ppm within the
air was approximately 56 gallons per day (gpd)tuAttreatment of the lines coming
into LS 23 indicated that the actual dosage woelddmewhat higher than this number
at approximately 60 gpd.

The following Odalogger graphs depict before andrafeatment results using the VTX
process at LS 23.
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Before and after treatment wastewater total suldels are depicted in the following

two figures.
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Conclusions

The following conclusions are noted for the study:
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1. LS 23 can be treated using approximately 60 gpdTof treatment chemicals.
2. VTX treatment at LS 23 can meet goals set by Meathedor treatment

efficiency.

3. No grease build-up was noted during the treatment.

4. Given similar sulfide levels at LS 6 and 15, appmoately 120 gpd will be needed
to treat all three stations.

5. Treatment of sulfides entering each station caadeemplished from the lift

station grounds.

6. Itis probable that lower dosages can be used gleoider months.

Recommendations

While the objective of the treatments into the oasi lift stations within the Melbourne
system is to reduce odor, it should be pointedimattMelbourne is undoubtedly
experiencing significant infrastructure decay dustlfide related corrosion. The
corrosion brought on by sulfides is destroying ceteeand metal throughout the system,
including the wastewater treatment plant. A prsi@sal analysis of the costs associated
with sulfide related corrosion at Melbourne wilktdt in an understanding that significant
amounts of money is being lost yearly to infrasinue decay, especially at the receiving

wastewater plant.

sulfides than plans call for at present.

Such a study would justify aeremgressive approach for treating




Results of the VTX Process Sulfide Treatment Pilobtudy
Conducted at Melbourne, Florida

June/July 2004

Introduction

Advanced Oxidation Technology, Inc. was commissibiog the City of Melbourne,
Florida to conduct a pilot study for the controlsoiifides within a portion of the sewage
collection system in Melbourne.

The study was to establish base line informatiotodke nature and extent of sulfide
prevalence within the designated portion of théeotion system prior to treatment.
Baseline studies were conducted which outlinedydreeral flow patterns for the system
over extended periods, retention time betweenithgtations feeding the control point
and sulfide concentrations within the wastewatewel§ as air within the lift station at
the control point.

Once a general understanding was attained foreilwversige system, selected dosages of
VTX were administered to the system to attain tbsireéd treatment goals over an
extended period of time.

One of the benefits seen by the City of Melbouwreusing the VTX Process was the
rapid treatment offered by the process. Becausieeofapid treatment capability of the
process, systems for treating a given lift stationld be located at the lift station of
concern. Locating systems on lift station grouoffiers a significant benefit by not
having to establish new satellite injection poiimssulfide control using other less rapid
techniques. Tests were conducted to determinegtiemum dosages for rapid treatment
of sulfides using VTX.

Description of the VTX Process

The VTX Process was originally developed to treaasdety of recalcitrant
environmental contaminants, which are commonly ¢owithin soil and groundwater
contamination. Initial test work focused on treatrhof chemicals such as
trichloroethylene, vinyl chloride, methyl tert-busther (MtBE), benzene, phenols
among others. VTX works extremely well to treatagsiety of hard to treat chemicals.

The process works by combining a strong oxidiziggrd, such as hydrogen peroxide,
ozone, persulfate, etc. with an organo-metallialgat within a pH range of 5 to 8.5. The
catalyst is environmentally safe and, in many casesonsumed in the process. The
catalyst is also easily biodegraded. The conceotraf metal released from the
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degradation of the catalyst in sulfide treatmergeatage treatment plants will be in part
per billion levels.

Table 1 illustrates the relative comparison of camiy available oxidants (as compared
to chlorine).

Table 1. Relative Oxidation Power of Common Oxidats

Reactive Species Relative Oxidation Power
Fluorine 2.23

Hydroxyl Radical 2.06

Atomic Oxygen (singlet) 1.78

Ozone 1.52

Persulfate 1.48

Hydrogen Peroxide 1.31
Permanganate 1.24
Hypochlorous Acid 1.10

Chlorine 1.00

It is widely understood that treatment of sulfidgade accomplished with hydrogen
peroxide, hypochlorite, persulfate and many othédants. However, most of them are
too costly or require too much contact time to bahle alternative for rapid treatment
sulfide at headworks of wastewater treatment plants

When AOT began testing for treatment of hydrogdfidaiit was to see if the treatment
times could be done quickly. Early testing indechthat, with effective mixing,
treatment could be accomplished largely withinftret five minutes of contact time
(Table 2 and 3 below). Importantly, the testingpaduggested that the amount of
hydrogen peroxide needed to accomplish successhthtent within a very short period
of time was below the published recommended dokageeroxide alone. Hydrogen
peroxide producers widely report that hydrogen piel®dosage for treatment of sulfide
within municipal wastewater systems approximatarege of 2.5 to 4.0 times the mass of
sulfide present within the waste stream. The desdgeroxide needed to accomplish
treatment in wastewater using the VTX process basistently been in the range of 1.5
— 2.5 times the sulfide present. This has resutguiojections of cost of treatment (~
$1.04 to $1.25/Ib. sulfide treated) to be below iwk@ommonly available for all other
competing treatment technologies.

Table 2. Percentage Destruction of Total Sulfidesfter 5 Minutes of Treatment

Treatment | H 202 H 202/5XVTX H 202/10XVTX H 202/20XVTX H 202/40XVTX
Level Alone
1.5 18.6% 63.4% 54.0% 32.2% 28.8%
2.5 32.1% 92.5% 87.2% 81.6% 71.4%
3.0 33.6% 93.0% 91.4% 82.2% 71.0%
4.0 56.1% 99.0% 98.4% 97.9% 97.8%
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Table 3. Percentage Destruction of Total Sulfidefeer 30 Minutes of Treatment

Treatment | H 202 H 202/5XVTX H 202/10XVTX H 202/20XVTX H 202/40XVTX
Level Alone
1.5 62.2%| 93.5% 86.5% 77.7% 70.6%
2.5 81.8%| 97.3% 98.8% 98.3% 97.0%
3.0 89.6%| 98.4% 97.3% 97.3% 94.1%
4.0 03.9%| 99.0% 98.4%3 97.9% 97.8%

1 After 15 minutes 2 After 10 minutes ° After 15 minutes “After 20 minutes “After 5 minutes

Cost Comparisons of Competing Technologies

The following chart, Table 4, illustrates a costngarison of the most commonly used
chemicals/technologies used in the treatment didgsl. The cost information used in
formulating the cost of the VTX Process is derifienn data collected during actual
treatment applications. The cost information fa additional accompanying treatment
technologies is taken from information which is eoanly available throughout the
wastewater treatment industry.

Table 4. Approximate Comparative Costs for ChemiciTreatment of Sulfide

I "# ! $ %%
&#' I "# ! $ %%
0 "* + $ ! $ $
# -.'# | "# "I /
00 ¢ [ s s 7
'® - -HEH $ [ 1%, 2

** Cost of sludge production included — approx. bh&. of sludge (dry weight) produced per Ib. of3H2moved.
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Summary of Competing Technologies

Noted corrosion and odor control expert, Robert BanwP.E. (Bowker and Associates,
Inc. Portland, Maine), produced the following tabfeadvantages/disadvantages for the
various available chemicals that control sulfid&.. Bowker’s text (Odor and Corrosion
Control in Sanitary Sewerage Systems and TreatRlants)is a recognized standard in

the industry.

Table 5. Advantages and Disadvantages of Varioush@mical Controls
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An Overview of Sulfide Generation in Sewerage Systes

The economic impact of hydrogen sulfide not onlyoines concrete. Hydrogen sulfide
is also an aggressive corrosion agent for eletttmaponents and metal surfaces. Most
wastewater facilities spend a significant amounnohey to coat metal surfaces with
paints designed to resist the corrosion impactydfdgen sulfide. It is well understood
that a drastic reduction in sulfides in the coll@ts system as well as headworks of
municipal wastewater plants will result in sign#it long-term capital expenditure
savings over time.

The following is an excellent summary of sulfidengeation within sewerage collection
systems. It is taken from an article by R. D. Pmyentitled “The problem of hydrogen
sulphide in sewers” written in December, 1976.

Production and effects

Hydrogen sulfide, b5, is a gas that is widespread in nature, andkmellvn because of
its odor. It can arise from the decay of some kimidsrganic matter, especially
albumins. An example is the white of an egg, anmlin that can release large amounts
of H2S. The odor of b5 is most commonly described as the odor of ratas.

Physical-chemical properties of hydrogen sulfide

H2S also occurs in many ground waters. Its presgnsech waters is due not so much to
breakdown of organic matter as to the bacterialecgdn of sulfate. By this it is meant
that certain bacteria are able to split oxygen ftbemsulfate ion, SO4=, a common
constituent of natural waters, and use it to oxadizganic matter. The sulfur is then left
in the form of the sulfide ion, S =, which immedaigtchanges by reaction with water to a
mixture of H2S and HS -(read H S ion).

H2S is a gas slightly heavier than air. It condenigesliquid only at the low temperature
of -62° C. It is fairly soluble in water. At 20° @,can dissolve in pure water to the extent
of 3850 milligrams per liter (mg/l), or 2.7 liteo H2S gas per liter of water. The
solubility decreases about 2.5 % for each degreease of temperature. The stated
solubility is the amount that will dissolve wheretpure gas is brought into contact with
pure water. From 6 diluted with air, it will dissolve only in propton to its
concentration in the gas mixture. Thus, for examgilein which the concentration of
H2S is 0.1 % (1000 parts per million, ppm) by voluafiéd2S will, if brought to
equilibrium with pure water at 20° C, produce auioh containing 3.85 mg/l. Stated
differently, water containing 3.85 mg/l ob8 can produce a concentration of 0.1 %, or
1000 ppm, in air brought into contact with it. Gng/l in solution can produce a
concentration of about 260 ppm by volume in thefdlre temperature is 20° C, or
330ppm by volume if the temperature is 30° C.

When dissolved in water, hydrogen sulfide is plytianized, so that it exists as a
mixture of S and HS. The proportions depend principally upon the pHhef solution.
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In typical natural water at a temperature of 20a@ at pH 7.0, it is just 50 % ionized,
that is, half of it is present as H#d half as un-ionized43. Table 6 shows the
proportions ionized at other pH levels. Temperaturg mineral content of the water
affect the degree of ionization, but only by a draatount. The sulfide ion, Salso
exists in water, but not in appreciable amountepk solutions in which the pH is
above 12. The solubility data given in the previpasagraph applies only to the
equilibrium between the gas and the slightly ac{the/-pH) solution produced when it
dissolves in pure water or between the gas andritmized HS in waters where the pH
is not low.

Table 6. Proportions of HS and HS in Dissolved Sulfide

! "# 3 ! #
%&

5.0 0.99 0.01
6.0 0.91 0.09
6.2 0.86 0.14
6.4 0.80 0.20
6.6 0.72 0.28
6.8 0.61 0.39
7.0 0.50 0.50
7.2 0.39 0.61
7.4 0.28 0.72
7.6 0.20 0.80
7.8 0.14 0.86
8.0 0.09 0.91
8.2 0.059 0.941
8.4 0.039 0.961
8.6 0.025 0.975
8.8 0.016 0.986
9.0 0.010 0.99

Toxicity of H2S

Everyone is familiar with the odor of28 in its natural occurrences. Because of this
familiarity there has been a lack of appreciatibiiotoxic character, and many deaths
have resulted from carelessness in dealing witfhie threshold odor concentration of
H2S is very low - between 1 and 10 mg/l. It is poedht very dangerous because its
smell is quickly lost as the concentration increase oil refineries, tanneries, viscose
plants, and many other chemical industries, mem loacasionally been exposed teSH

in concentrations that have resulted in deaththed have been many deaths in sewers
on this account. Even the&lfrom swamps and from natural hot springs candaelly.
Several lives have been lost as a result of batimgt sulfurous spring waters in closed
rooms. There is evidence that a concentration@8 & (300 parts per million) of43 in

the air has caused death. It should be notedhisistthe concentration that could arise
from water containing 1 mg/l of unionized® Fortunately these hazards are now more
widely recognized, and the frequency of fatal aeotd has been greatly reduced.
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Other forms of sulfide in waste waters

Up to this point the discussion has been aboutdgelr sulfide and its ionized form, HS.
Sulfur combines with metals, too, producing compmtsuwhich are generally insoluble,
such as zinc sulfide, ZnS, two copper sulfides, @& CuS, several iron sulfides, etc.

In all such combinations, as well as isSHand HS, sulfur is in an electronegative state.
In this state it is simply called sulfide.

In wastewaters of normal pH values (6.5 to 8),idalmay be present partly in solution

as a mixture of kS and HS, and partly as insoluble metallic sulfides carréohg as

part of the suspended solids. In analyses of wadteg; a distinction is made between
dissolved sulfide and insoluble sulfide. The sunthese forms is called total sulfide. The
concentrations are normally expressed in termeestlfur content. The amount of
insoluble metallic sulfide does not ordinarily egded.2 to 0.3 mg/l if the sewage is of
residential origin, but the amount may be largesewers containing trade wastes.
Sulfide in wastewaters reacts with dissolved oxygeostly by biological processes.
Under the conditions prevailing in sewers, the @pal biological oxidation product is
thiosulfate. If oxidizing bacteria are abundanthe wastewater, and dissolved oxygen is
also present, sulfide may be oxidized at a rate b/l in five minutes, but in less

active sewage, as for example fresh domestic sewageame reaction may take an
hour. Sulfide can also react chemically with digedloxygen, that is, without the
intervention of bacteria. This reaction is slowggucing a variety of products, including
sulfur, thiosulfate, sulfite, sulfate, and othérke rate of reaction depends greatly on the
presence of catalysts such as iron ions and thaupte produced are influenced by the
pH value.

H2S that escapes as a gas from solution in a sewebenaxidized on exposed
surfaces. If the surfaces are quite dry, free sulfay be formed, but under moist
conditions a species of bacteria named Thiobaaiiuretivorus oxidizes it to sulfuric
acid by the reaction:

H2S + 2Q = H2SOs
The acid causes corrosive damage to vulnerablerialate

The process of oxidation of hydrogen sulfide i®mplex series of reactions involving
many members of the species Thiobacilli, each stlbwn optimum growth rate at a
given pH value. Some of the Thiobacilli can remaative in solutions containing up to
7% of HSOs (pH about 0.2). The whole process of oxidationyafrbgen sulfide by
bacteria and the factors which influence the b&dteorrosion of concrete in water are
complex.

The occurrence of sulfide in sewage

Sewage contains bacteria, sulfate, and organiematt it has the elements required for
sulfide generation. One further condition is neaegsThe reduction of sulfate to sulfide
can occur only under anaerobic conditions. In tteeace of dissolved oxygen, nitrate
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can provide oxygen for bacteria and can thus prtesggotic conditions developing. When
all the "oxygen" provided by the nitrate anions hasn consumed by the facultative
anaerobic bacteria, the conditions will be striethaerobic. This is a state that can
develop in sewage, because many kinds of bactexriprasent that rapidly consume
dissolved oxygen and "oxygen" from nitrate. Howeviethe sewer is partly filled, the
water surface exposed to the air absorbs oxygenrate of absorption is slow, and the
bacterial action may deplete it to concentrations f@w tenths of a mg/l, or sometimes
only a few hundredths. Still, where any dissolvagigen or nitrate at all is present there
can be no reduction of sulfate.

A layer of slime builds up on the submerged pipd imaa sewer, very thin where the
stream is swift, but a millimeter or more in thielgs where it is slow. The slime layer is
the site of intense micro-biological action, ants ibere that anaerobic conditions
develop, and that sulfate reduction and sulfideegeion can take place.

There is frequently an aerobic (oxygen containza)e in the slime layer where it is in
contact with the flowing stream. In a typical céise aerobic zone may extend into the
slime layer to a depth of only 0.1mm, but it maydeeper if the stream carries several
mg/l of dissolved oxygen. Sulfate and part of thganmic nutrients diffuse through the
aerobic zone and into deeper layers, thus supptii@gequirements of bacteria that
produce sulfide, and so it comes about that suljieleeration can occur even when the
stream contains dissolved oxygen, but is unlikelgdcur if nitrate were present as it will
diffuse into the lower layers of the slime and pdava source of oxygen to prevent
septicity. The zone where sulfide is produced isegally only a few tenths of a
millimeter in thickness. The sulfate or the orgamitrients are used up in that distance
and unless the slime layer is quite thin, ther@deeper layer that is relatively inactive.
Sulfide diffusing out of the zone where it is pradd is at least in part oxidized to
thiosulfate in the aerobic zone. If much oxygeprissent, the sulfide will all be oxidized
there, but if the oxygen condition is low, thentpzrthe sulfide will escape from the
slime layer into the stream. When this conditioevails, the sewer may show "sulfide
build-up”, meaning that the concentration in threan will progressively increase as the
sewage moves down the pipeline. However, oxidaimurs to some extent in the
stream, and some2B escapes to the atmosphere, so the concentratida to approach
a steady state condition where the losses are amjttad rate that sulfide is produced.

Figure 1 shows a cross section view of the slimerlaf a sewer, pictured on a magnified
scale. Oxygen, organic nutrients and sulfate aga & be diffusing into the slime layer.
Oxygen and part of the organic nutrients are ugeith the aerobic zone. Sulfate and the
remainder of the organic nutrients are diffusingtfer, reaching the anaerobic zone. The
dense population of anaerobic bacteria found tresecially the speci€¥esulfovibrio
desulfuricansis bringing about the reaction that producesdeilfat a rate determined by
the rate that the nutrients can diffuse into tloatez Sulfide is diffusing outward from the
slime layer, part of it being oxidized in the aaoobone and part escaping into the
stream.

The concentration of oxygen necessary to prevensaliide build-up may vary widely,

Melbourne Study
Page 12 of 25



depending upon a number of conditions. The velatfityhe stream is one factor. At low
velocity the motion of the water is not very eféint in carrying oxygen to the slime
layer, and under these conditions a higher oxygacentration is necessary if sulfide is
to be barred from the stream than when the streawift. In a typical case it may
require 0.5 mg/l of dissolved oxygen to preventidalbuild-up, but under some
conditions as much as 1.0 mg/l, or even more, neagfuired.

Figure 1. Cross section of slime layer Forecastirgulfide build-up
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A characteristic of the generation of sulfide iwses is its sporadic occurrence. In the
early decades of this century, this seemingly ramdppearance of sulfide in sewers was
the subject of much speculation. Now that the meeisia of sulfide build-up is better
understood, the reasons are clearer. It is evith@bhta major determining factor is the
amount of oxygen (both dissolved and available frotrate) in the sewage stream. If the
oxygen concentration is high, there will be noisl@fbuild-up; if it is low, then sulfide
build-up is expected.

The rate of sulfide production is influenced nolydmy oxygen concentration, but by
other factors as well. The rate increases witheiase of temperature, and it depends in a
complex way on the concentrations of organic notse@nd of sulfate. The rate of

sulfide production can be limited by a scarcityedher sulfate or organic matter. Since
both are consumed in the biological reactions phatiuce sulfide, they are required in a
certain ratio. If there is an excess of organi¢iaats, then the rate is limited by the
amount of sulfate and if there is an excess ohsellit is limited by the amount of

organic nutrients.

The organic nutrients available for sulfide productn sewers have not been identified,
but they must be in solution, since they must difto the sulfide producing zone. It
has been assumed that in typical municipal sewagerganic nutrients for sulfide
generation are proportional to the biochemical @ydemand or BOD (Pomeroy and

Bowlus, 19463; Davy, 1956) or to the chemical oxygen demand or COD (Boon and
Lister, 1975).

The effects of velocity on sulfide build-up are qaex. At low velocity, solids may settle
and move slowly and intermittently along the bottdrhe loosely deposited solids
quickly become depleted of oxygen, and sulfide getiren proceeds until the depletion
of sulfate or organic nutrients. If the solids #ren disturbed by the motion of the water,
sulfide is released into the stream in greater arnthan would result from the process
depicted in Figure 1. Higher velocities prevenstihom happening, and also increase
oxygen absorption into the stream, increase tleeaabxygen transfer to the slime layer,
and shorten the time that the sewage spends isitiralt of which lead to lower sulfide
concentrations. On the other hand, at low velagitaad especially if the sewage is
intermittently stationary, as is usually the caspriessure mains from pumping stations,
nutrients may become depleted in the water adjaoahe slime layer, thus retarding
sulfide generation. An increase of velocity in anpbetely filled pipe will, up to a point,
increase sulfide generation.

In the light of present knowledge, an equation ddag written that would express the
rate of sulfide build-up as a function of the vasdactors that influence generation by
the slime layer and the losses by oxidation andpss¢o the air. Such an equation would
not be very useful, because of the difficulty afws@ng the input information that would
be required. Most important would be the dissolerggen concentration. An accurate
prediction of dissolved oxygen would require a detbhistory of the sewage for an hour
or so upstream from a point where a predictiorutfide build-up would be attempted.
Absorption of oxygen at the surface of the streamlme predicted if slope, pipe size and
flow quantity are known, but extra oxygen will bedad at junctions, drops, and other
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points of turbulence, and it is difficult to pretitbe rate at which oxygen will be
consumed.

The only practical approach to the problem of prtalns is to limit such attempts to the
restricted case that the unpredictable factorgaan@rable for build-up. That is to say, it
will be assumed that sufficient sulfate is presenthat it is not limiting, that oxygen
concentration is low, that no nitrate is presetiteziderived from the water supply or
from industrial discharges, and that there is mactoondition or other factor that inhibits
the action of the slime layer.

The earliest attempts to predict sulfide build-ugrevlimited to yes-or-no answers; there
would or would not be build-up (Pomeroy and Bowl19463; Davy, 1956). It was
recognized, however, that quantitative forecastghirbe possible for the restricted case
of sewage in pressure mains and other completédy foipes, where it is denied any
contact with air. Sewage pumped into a pressure oféen contains dissolved oxygen
which may result from its fall into the wet well fsrom other causes, and on this account
there may be no sulfide build-up initially, butexfa time the dissolved oxygen and
nitrate "oxygen" will be completely depleted andrtthe maximum sulfide producing
capability of the slime layer will be displayed.

When the sewage becomes completely anaerobic,a@meoccurs not only at the pipe
wall but also in the stream. The amount producdtierstream, however, is small in
comparison with the output by the slime layer exaepery large pipes.

In a small pipe of, say, 100 mm diameter, troubt@ssulfide concentrations may arise
even where the retention time of the sewage imtaim is as little as ten minutes. In
larger mains the build-up rate is slower, but digant amounts are likely to be
produced within 20 to 30 minutes in a pipe of oretendiameter.

Description of Melbourne, Florida Sewerage Collectin System at Test Site

The control point selected for the study was Ltatl®n 23 (LS 23). This particular
station is responsible for moving ~ 50% of the waster entering the receiving
wastewater plant from the north side of Melbourii@o other major lift stations (LS 6
and 15) are responsible for moving the remainirig Siirectly to the receiving plant.

Three major lines feed LS 23. The most flow cofmes the line from LS 55 and 65.
Flow from these two stations combine at LS 55 amadqed under pressure for 2 miles to
LS 23. The combined flow from these two statioosoaints for ~ 75 to 80% of the total
flow to LS 23. Two smaller stations directly fele8 23 that account for the balance of
flow to the station. LS 4 accounts for ~ 14% of teenaining flow and LS 7 for the
remaining ~9%. LS 4 and 7 combine just prior teeang LS 23. Both of these lift
stations are under pressure for about half of thiigice from the stations on the way to
LS 23 before finishing the trip under gravity flow.

Retention times within the collection systems frog4, 7 and 55 were tested using
fluoracene dye. During peak flow conditions rei@mtimes were between 2 and 3 hours
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for LS 4 and 7. Travel time for flow from LS 55 svpust under one hour during peak
flows.

Flow through LS 23 will typically vary between lafd 2.0 MGD. In general, the flow
patterns can be broken down into three pattermseasured by lift station pump cycle
frequency. Peak flows occur between the hoursafd’11 AM and again from 6 to 10
PM. Moderate flows occur between 10 AM and 6 PM again between 10 PM and 12
AM. Low flows, as would be expected, occur betwtdenhours of 12 AM and 7 AM.

Baseline Sulfide Data Prior to Start of Treatments

Base line Odalogger data was collected for LS 23 eeveral days. The following
Odalogger data typifies hydrogen sulfide leveldwaitL,S 23 prior to treatment.
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It is apparent from these data that hydrogen sailedels in that air vary regularly
between 500 ppm and 1000 ppm. Melbourne offigtsed that the system suffers from
some inflow infiltration (I/1) throughout the cotidon system. Heavy rains were
prevalent in the area during periods of lower slelfvalues. It would seem logical to
correlate the rain events with lower sulfides batrenextensive study would need to be
done.

While odor issues are a major concern, levels dfdégen sulfide within the air at the
levels indicated above will result in substantgsd of infrastructure over time. Loss of
concrete and metal parts coming into contact wigse levels of hydrogen sulfide will be
significant. Additionally, electrical contactstime vicinity of hydrogen sulfide at these
levels will suffer severe corrosion.

In addition to the efforts to establish baselinfeimation for hydrogen sulfide within the
air at LS 23, a substantial effort was given toemthnding the variance of total sulfide
within the wastewater column. Regular samples waken over 24 hour periods for
sulfides. The following table and figures dispthg results of this effort with the

tablized data noting results of discrete samplvenés and the graph depicting the results
of 24 hour sampling events.
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Table 7. Untreated, Discrete Sulfide Tests at Lif6tation 23.

Date Time Sulfide (ppm)
6/13/2004 11:30 am 10.0
12:30 pm 9.5
2:30 pm 12.0
4:00 pm 10.0
6/14/2004 10:00 am 9.0
2:30 pm 8.0
5:00 pm 7.0
6/15/2004 7:00 am 18.0
8:15 am 8.0
9:00 am 18.0
11:15am 7.5
6/16/2004 10:00 am 11.0
11:00 am 12.0
12:00 pm 9.0
1:00 pm 10.0
2:00 pm 18.0
3:00 pm 18.0
4:00 pm 19.0
5:00 pm 22.0
6:00 pm 6.0
7:00 pm 8.0
8:00 pm 9.0
9:00 pm 17.0
6/17/2004 10:00 pm 10.0
11:00 pm 10.0
12:00 am 9.0
1:00 am 6.0
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Figure 2.

LF 23 Water-borne Total Untreated 24-HourSulfides
For 6/27/04
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VTX Dosage Assessment

Initial trials using VTX were conducted to establibe upper level of treatment
necessary to treat sulfides entering LS 23 to ap@able level. The target for
“acceptable” was assumed to be 1 ppm total suifiden the water column. After the
upper level of treatment was established, work deage to determine treatment dosages
for treating sulfides during periods of lower flowhe long term approach for treatment
of the system would include a computer controligstesm capable of adjusting injection
rates from higher levels to lower levels over tbarse of the day as required to get the
job done. This strategy will result in significasavings in chemical costs over time.

Three injection points were established within¢b#ection system at LS 4, 7 and 55,
respectively. Since it was reported that LS 55 lididne an eventual control point for
sulfides it was determined that treatment be cotaduirom this location. Treatment was
conducted from LS’s 4 and 7 instead of from LS128rider to save cost for the trial.
Treatment of the line entering LS 23 from these lwaations would have required
running injection lines from LS 23 upstream to @anpthat assured enough contact time
for treatment. It was much cheaper to simply ttkattwo stations. Long-term treatment
of these two stations effluent would be done fragh23.

Several studies were conducted to determine a raingeceptable dosages for treatment
of total sulfides at variable times of the day. aikg the objective was to determine a
dosage schedule that would allow a system to rgmqr Wlown during a day’s treatment
to adequately treat the sulfides without overdosing wasting chemical. Calculations
for anticipated dosage through the day were mawa braseline sulfide information and
flow through the system. Tests were conducteddasehis information at 1.8, 2.2, 2.5
and 2.8 gallons of treatment chemistry per hougsuRs were monitored with a
combination of hourly grab samples using an ISC@per for water-borne sulfides and
an Odalogger for hydrogen sulfide within the air.

The following figures depict the findings of thesdge assessment.
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Figure 4.

LS 23 Water-borne Total Sulfide
For VTX Treatment at 2.5 Gallons per Hour
Date: 7/1/04.
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Figure 6. LS 23 Water-borne Total Sulfide
For VTX Treatment at 2.8 Gallons per Hour
Date: 7/7/04
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Figure 7. LS 23 Water-borne Total Sulfide
For VTX Treatment at 1.8 Gallons per Hour
Date: 7/8/04

Parts Per Million (ppm)

e

N
w W W W w w
2] D AV D D0

e s
|
/

A
¢
é
é
é
¢
é
¢
é

e % o_ril\)_r
1
| |
i
=
a
1
Ji
s 1
, __l_LI
i
|
‘0
1

Time of Day

Melbourne Study
Page 22 of 25



Assessment of the treated data indicated thatsmmneéle test dosing schedule for the LS
23 system would be as follows:

Time Range Gallons/Hour Total Gallons
12 AM - 6 AM 1.8 10.8
6 AM - 10 AM 2.5 10.0
11 AM -7 PM 2.8 22.4
7PM-12 AM 2.5 12.5

Estimated Daily Total  55.7

Confirmation Test

The final days of the pilot testing were dedicatedonfirmation of the above
assessments. Daily observations were made as &fftbiency of the system at the
prescribed dosages. Manual adjustments were roatie system as necessary. The
following Odalogger graph depicts the hydrogenidalfvithin the air during the
adjustment period. The results of field adjustreehtring this period forced the amount
of VTX/peroxide used upwards slightly from estingte
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Final dosage ranges resulted in the following Ogigés graph. Hourly water samples
were taken during this period over 24 hours faaltstlfides within the water. These

data are presented in Figure 8 below.

Figure 8.
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The total dosage of VTX/peroxide over a 24-hourquewill approximate 60 to 65
gallons per day (gpd) at LS 23 based on the firglofghis study.

Since LS 23 represents slightly over 50% of thaltibdw into the receiving wastewater
plant in north Melbourne, it may be logical to assuthat a similar total dosage (i.e. 60
gpd) will suffice for daily treatment of flow intine other two major lift stations (i.e. 6
and 15) targeted for treatment. This, of courseumes that the total sulfide generation
within the other two locations are similar to LS ZBherefore, a reasonable estimate of
total VTX/peroxide to treat all three lift stationsuld be about 120 gpd.

Treatment using the VTX process would be condufttad each of the current lift
station locations by running conduit protectedatin lines upstream of each line
entering the target lift station. An objectiveatfileast three minutes of in-line contact
time would be targeted for each stream prior tememg the lift station.

Conclusions
The following conclusions are noted for the study:

7. LS 23 can be treated using approximately 60 gpdTof treatment chemicals.

8. VTX treatment at LS 23 can meet goals set by Meathedor treatment
efficiency.

9. No grease build-up was noted during the treatment.

10. Given similar sulfide levels at LS 6 and 15, appmoetely 120 gpd will be needed
to treat all three stations.

11.Treatment of sulfides entering each station caadoemplished from the lift
station grounds.

12.1t is probable that lower dosages can be used gleoider months.

Recommendations

While the objective of the treatments into the oasi lift stations within the Melbourne
system is to reduce odor, it should be pointedtmaittMelbourne is undoubtedly
experiencing significant infrastructure decay dustlfide related corrosion. The
corrosion brought on by sulfides is destroying eeteeand metal throughout the system,
including the wastewater treatment plant. A prsi@sal analysis of the costs associated
with sulfide related corrosion at Melbourne wilstdt in an understanding that significant
amounts of money is being lost yearly to infrasiuue decay, especially at the receiving
wastewater plant. Such a study would justify aeraggressive approach for treating
sulfides than plans call for at present.
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