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Introduction

Advanced Oxidation Technology, Inc. (AOT) conducteplilot treatment study at
HRSD'’s York River Treatment Plant over a periodanfr days in February 2004. The
objective of the study was to determine the efiectiose rate for reducing the levels of
total sulfides entering the facility's headworkslaassociated hydrogen sulfide scrubber
system.

Description of the VTX Process

The VTX Process was originally developed to treaadety of recalcitrant
environmental contaminants which are commonly fowrttlin soil and groundwater
contamination. Initial test work focused on treatrhof chemicals such as
trichloroethylene, vinyl chloride, methyl tert-busther (MtBE), benzene, phenols
among others.

The process works by combining a strong oxidiziggra, 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
degradation of the catalyst in sulfide treatmerdeatage treatment plants will be, as was
the case for sulfide treatment at the York Riveility, in part per billion levels. A

variety of oxidants will reacts with the catalystform hydroxyl and/or free radicals.
Hydroxyl radicals are known to have significantlpma oxidation potential than a wide
variety of commonly available oxidants. Tableltstrates the relative comparison of
commonly available oxidants (as compared to ché&)rin

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
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Initial bench scale tests using the VTX procesgreatment of numerous recalcitrant
chemicals were encouraging. Table 2 shows thdtsesiutreatments on selected
organics. While some of these chemicals can lag¢ettlenith some degree of
effectiveness with selected oxidants alone, northetommonly used oxidants can be
demonstrated to do so with the efficiency of theXVapproach, particularly as relates to
chemical contaminants like MtBE, trichloroethylemayl chloride and

tetrachlorethylene.

Table 2. Selected Chemical Oxidation Results of ¢hVTX Process

Target Compounds | Before TreatmentAfter Treatment
ppb ppb
MtBE 85,000 <5
Benzene 294,875 <5
Toluene 153,678 <5
1,2- Dichloropropane 120,450 <5
Trichloroethylene 500,000 <5
1,1-Dichloroethane 84,346 <5
Tetrachloroethylene 33,000 <10
cis 1,2-Dichloroethylen 4,550 <10
Vinyl chloride 40 <5
Ethylbenzene 55,273 <5

It is widely understood that treatment of sulfidgende accomplished with hydrogen
peroxide, hypochlorite, persulfate and many othaédants. However, most of them
require too much contact time to be a viable a#teve 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 minute of contact time.
Importantly, the testing also suggested that thewarhof hydrogen peroxide needed to
accomplish the treatment was well below the publistecommended dosage. Hydrogen
peroxide producers widely report that hydrogen piel®dosage for treatment of sulfide
within municipal wastewater systems approximatareye 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 approximated 1.5 times
the sulfide present. This has resulted in projestiof cost of treatment (~$1.00/Ib.
sulfide treated) to be below what is commonly ata# for all other competing treatment

technologies.
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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 3 — Advantages and Disadvantages of Varioush€mical Controls
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Cost Comparisons of Competing Technologies

The following chart, Table 4, illustrates a costngarison of the most commonly used
chemicals/technologies used in the treatment didesl. The cost information used in
formulating the cost of the VTX Process is derifr@nin 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
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** Cost of sludge production included — approx. bS. of sludge (dry weight) produced per Ib. of3H2moved.

Sulfide in Municipal Wastewater Systems

Three forms of sulfide are present within wastewatal wastewater collection systems.
Much depends on the pH of the solution in detemgrthe relative concentration of the
three forms. As the pH drops below 7, most ofdhiéide is present as hydrogen sulfide
as either the non-volatile ionic species of hydrogelfide (HS) or as hydrogen sulfide
gas (BS). Fully 90% of the gaseous form of hydrogenidalfvill be present at a pH of
6, for example. As the pH rises above 7, moreraack non-volatile sulfide ion {($will
be present.

Sulfides are produced in wastewater primarily ptdmical conversion of sulfate ions to
sulfide under anaerobic conditions primarily byaeterium by the name &fesulfovibrio
desulfuricansand, also, to a lesser degree by a few similaarosgns. Within the
collection systems of municipal wastewater systeuides are most often produced in
the anaerobic slime layer that develops alongriherisurface of pipes. However,
sulfides can also be produced in abundance wheveastewater is allowed to go
anaerobic. Other than anaerobic conditions, pribmluof sulfides is dependant on pH,
temperature, the presence of an ample supply E#teubns to reduce to sulfides.
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The following chart depicts the life expectancycohcrete pipe as a result of constant
hydrogen sulfide exposure.

Table 5. Life Expectancy of Concrete Pipe Due toydlrogen Sulfide Exposure

Target: 3' Diameter Concrete Pipe (1" Cover)

H»S (ppm Life Expectancy (Years)

0.5 >50
1.0 25-50
1.5 25
2.0 10-25
2.5 10
3.0 10
4.0 5-10
7.0 5

>7.0 <5

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 amounmnohey 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.

Previous VTX Process Studies

The VTX Process is a new entrant into the markehjalrogen sulfide control. Studies
have only recently been conducted to fully undexstne economies involved in using
this technology for sulfide control. Results tdedare very encouraging. The VTX
Process has consistently shown that it is very eatitive with all currently available
technologies for sulfide control.

The first study conducted was done by FMC Corporasit a municipal facility in
California. Destruction of sulfides occurred ahass ratio of hydrogen peroxide to
sulfide of approximately 1.5. The VTX chemistrysyaut into the system at a distance
above the headworks that allowed for about 3 msafeetention. Average controb§l
levels were recorded over an 18 hour time periotl@ 07 ppm within the air above the
wastewater flow entering the plant. Averag&Hevels within the air at the headworks
were reduced to 4.23 ppm during the 18 hours atrment. The following figures show
the reduction of hydrogen sulfide (as measured tigl&@gers) within the air as it
progressed downstream from the VTX treatment point.
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Influent Trunk Before H202/vTX Injection (Odaloqg: OL0207128)
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A second study was conducted at the Henrico, Vilmgivastewater treatment facility last
August. Heavy rain resulted in excessive flows ihie plant over the entire three week
that attempts were made to treat the headworksWiitk. The high flows resulted in

very low sulfide levels. During one occasion th#ide levels rose to about 2 ppm

which resulted in hydrogen sulfide levels withie tair at the headworks of 30 to 40 ppm.
The following figure depicts the results of treatrnduring that time. Please note that the
contact time for VTX was very short, only 25 secehefore entering the plant.

Treatment of Hydrogen Sulfide
Henrico Wastewater Treatment Plant Headworks
Air Data After 25 Seconds of Contact Time
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Pilot Study Design

Description of the Headworks at York River

The force main entering the headworks York RiversWaater Treatment Plant (York
River) travels into a below ground level room whtre flow is gauged prior to being
diverted 90 degrees up one floor to a set of baress. The flow is split evenly before
traveling through the two self-cleaning bar scree@sace through the bar screens the
flow travels into side-by-side coarsely aerated grambers (75,000 total gallons) before
entering two pre-aeration tanks (~164,000 totalogal). The retention time for these two
treatment steps is approximately 6.9 and 14.9 ragyuespectively, at the designed flow
of 15.78 MGD.

The contaminated air escaping grit removal andagration treatment is collected by the
scrubber vacuum system and sent to the scrubbetreédment with caustic soda. Air
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flow through the scrubber is rated at 28,500 cf6¥7(B7/min.). At this air flow rate the
following table was calculated to ascertain therapimnate part per million amount of
H,S stripped from wastewater at a flow rate of 15 MGRdjustments to this table due
to higher or lower flows will be proportional.

Caustic from the scrubbers containingSHstripped from the air as sodium sulfide is
returned to the plant in the vicinity of the primailarifiers. Therefore, it can be
surmised that essentially all of sulfides entetimg plant in the influent eventually passes
through the plant.

Table 6. Calculated Reduction of HS due to Air Stripping*

H.S in Scrubber kg/hr H .S Ibs/hr H,S H,S Reduction in
Air Entering Entering Wastewater**
(ppm) Scrubber Scrubber (ppm)
10 0.484 1.065 0.204
20 0.968 2.130 0.408
30 1.452 3.195 0.612
40 1.936 4.260 0.816
50 2.420 5.325 1.020
60 2.904 6.390 1.224
70 3.388 7.455 1.428
80 3.872 8.520 1.632
90 4.356 9.585 1.836
100 4.840 10.650 2.044

* Assumed 15 MGD (0.625 MG/hr) wastewater flow &@¥ m/min scrubber air flow.
** All H ,S removed in the scrubber returned to the plasbdsim sulfide.

Wastewater, exiting the pre-aeration system, flowex a weir to a distribution box and,
from there, onto further treatment.
VTX Metering System

Two Walchem “E-Class” metering pumps designed tiveleup to 400 gallons per day
were placed within the Grit/Pre-Aeration Blower mpadjacent to the area housing the
bar screens. PVC tubing from each pump was stinang the Blower room through the
wall to an access door immediate before the baessrand before the flow was split.
The two PVC lines were connected to spray bargdesdito distribute hydrogen
peroxide and VTX catalyst evenly across the flOWI.X catalyst and 50% hydrogen
peroxide were staged near the metering pumps. tabi@g ran from each container to
the respective metering pumps.

Each Walchem pump came with a dedicated flow mejezolumn to enable the user to
accurately monitor flow at each pump flow setting-Class Walchem pumps are
capable of very precise delivery of chemical over@ad range of flow settings.
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Dose Rates

The following table describes the estimated dotsrimr hydrogen peroxide and catalyst
at two mass ratios of peroxide to sulfide. VTXadgst can be applied at either 40:1 or
30:1 as hydrogen peroxide to concentrated catalyisése numbers are also displayed.
For example, if 2 ppm of sulfide is to be removeahf 15 MGD of flow, the chart
recommends 75 gallons per day (1.6 gallons per)tadurydrogen peroxide and ~2
gallons of peroxide at the 40:1 catalyst ratio.

The 1.5 HO,:S ratio was used to estimate dosage for the YorkrRStudy. VTX was
dosed at 40:1 almost exclusively. Short tests wenglucted to determine if increasing
VTX added appreciably to effectiveness. No apptdei differences were noted so the
studies were conducted at 40:1.

Table 7. Dose Rates at 15 MGD of Flow and Varyingulfide Levels

Flow | Influent 1.5 VTX 2.0 VTX
H,0,:S H,0,:S
Ratio Ratio
MGD | Sulfide H,0, 40:1 30:1 H-,0, 40:1 30:1
(ppm) | gallons/d| gallons/d | gallons/d | gallons/d | gallons/d | gallons/d
1 38 1.0 1.25 50 1.25 1.7
2 75 1.9 2.5 100 2.5 3.4
3 113 2.8 3.75 150 3.75 5.1
4 150 3.75 5 200 5.0 6.8
15 5 188 4.7 6.25 250 6.25 8.5
MGD 6 225 5.6 7.5 300 7.5 10.2
7 263 6.6 8.75 350 8.75 11.9
8 300 7.5 10 400 10.0 13.6
9 338 8.5 11.25 450 11.25 15.3
10 375 9.4 12.5 500 12.5 17.0

Contact Times for Treatment Chemistry

As previously noted, the VTX process acts very kiyito treat sulfide. However, the
chemicals must be effectively mixed to gain contdttvas estimated that the dosing
point selected for the York River study offeredmore than 20 seconad contact time
before the wastewater enters the aerated grit chiawitrere stripping of hydrogen sulfide
would inevitably occur if not totally treated. &an be seen in test results later within
this paper, more retention time will be requirectictively treat all sulfide before it
entering the aerated grit chamber.

Total retention time through the grit and pre-aerathambers typically exceeded 20
minutes.
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Water Testing

A field test kit from LaMotte Chemical was utilizéo measure for total sulfides. The
test method employed with this kit is the Methyl@&iee Method (Standard Methods
4500 2 D), also known as the Pomeroy Method. €bbkrtique requires the user to
compare test tubes for a blue color to determited sulfide concentration. The method
states that accuracy can be attained up to 18 pfainsulfide. However, it is apparent
from use during this study that accurate measurebewvisual means is very difficult
beyond about 12 ppm. As a reasonably accurateathétin field observations, the
technique worked well.

Temperature and pH testing was conducted on daysing an Orion pH/temperature
field test unit.

Levels of BS within the air going to the scrubber were meabuseng the York River
in-plant monitor.

Description of a Test Event

During a typical test event, samples were takendia sulfides within the influent (at
the plant sampling spigot where the force mainrsrttee plant) and at the distribution
box after the Grit/Pre-aeration units before treaitstarted. Readings were also taken
for H,S within the air going to the scrubbers prior tlementation of treatment.

During day one treatments, tests were taken fotgohjierature prior to and after
treatment. No further monitoring of these two $esas done after day one.

After treatment was started, testing of influend #me effluent to the Grit/Pre-aeration
units were conducted frequently for sulfides astinould allow. Reading for 1$
within the air prior to the scrubber was also takegularly as was practical to do so.

After cessation of treatment, samples were typrdaken from the influent and effluent
for total sulfide and/or from the air to the scrabdto confirm and document a rise in
sulfides.

Flow information was gathered for each test eventle purpose of determining mass
treatment efficiency if possible.

Results

The following charts and tables depict the findifmsindividual test events over several
selected dosage scenarios. It was assumed fréial influent testing using the

methylene blue sulfide field test kit that totalfsle levels approximated 8 ppm entering
the plant. Based on this assumption, an initiglrbgen peroxide dosage of 12.5 gallons
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per hour (~1.5:1 bD,:sulfide ratio) along with catalyst at 40:32®% to catalyst was
selected to treat total sulfides entering the pldritis dosage level approximated a 1.5:1
mass ratio of hydrogen peroxide to sulfide at 15MG

Figures 1 depict the results of testing done onldéSebruary 1%). Two separate
injection events were performed at 12.5 gallonshoer of 50% hydrogen peroxide
along with approximately one third of a gallon peur of catalyst.

Values were collected from the influent air to §ueubbers over the initial treatment.
The average §§ concentration over this period from three obgema was 18.46 ppm.
Observations were not collected prior to startimginjection of VTX. However, values
after treatment were recorded to average 64.25(pprbservations).
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Figure 1a. .
York River

Hydrogen Sulfide Treatment Study
Using 12.5 Gallons VTX-H,O,/Hour
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Values for pH and temperature were collected dvercburse of this days study from the
influent and at the effluent of the grit chambeilding. They are presented in Table 7.

Table 7. Temperature and pH Data from Initial Dosae Trial

February 12, 2004

TIME | TEMPERATURE | pH

Influent Effluent Influent Effluent
7:00 am 12.4 7.02
7:30 am 12.4 7.15
8:00 am 13.3 7.03
8:30 am 12.1 7.18
9:00 am 12.6 7.03
9:30 am 13.4 7.32
10:00 am 12.6 7.03

Figure 2 shows the results of treatments condumeBuesday, February 17. Injection of
hydrogen peroxide was adjusted to 16.2 gallon$par during the morning testing to
determine if a higher dose rate could improve tggomance of K5 removal within the
air going to the scrubber.
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Figure 2b.

Influent Air Hydrogen Sulfide Concentrations
At York River Scrubber
Using 16.2 Gallons VTX-H ,0./Hour
February 17, 2004
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On Wednesday, February 18, three injection flowgatere conducted over
approximately 12 hours. Results are shown in E@ur The objective of studies was to
test three lower flow rates. The rates were 1@n@6 gallons per hour of hydrogen
peroxide along with the appropriate amount of gatadt a 40:1 dilution. Ten GPH was
tested in the morning, 8 GPH was tested during#rly afternoon and 6 GPH was tested
during the evening. Results from air and watetirigsvere recorded for all testing
events.
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Figure 3a.
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Influent Air Hydrogen Sulfide Concentrations
At York River Scrubber
Using 10 Gallons VTX-H ,0,/Hour
February 18, 2004

Figure 3b.
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Figure 3c. At York River Scrubber
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Figure 3d. Influent Air Hydrogen Sulfide Concentrations
At York River Scrubber
Using 6 Gallons VTX-H ,0,/Hour
February 18, 2004
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The final day of testing attempted to find a bréatough injection level of the VTX
chemistry. It was generally understood that hidlwevs and suspected higher sulfide
levels occurred during the morning rise in flowheTinjection rate for hydrogen peroxide
was set at 6 GPH. Significant break-through waenaed at for this injection rate during
the morning flow. This data is presented in Figlire
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Figure 4a.

Figure 4b. Influent Air Hydrogen Sulfide Concentrations
At York River Scrubber
February 19, 2004

Time

York River Pilot Study
Page 19 of 23



Table 8 describes all of the average flows recodiethg treatment events.

Table 8. Average Flows During Treatment Events

DATE INJECTION AVERAGE FLOW
EVENT TIME (MGD)
February 12 7:00 am — 10:00 am 16.8
3:00 pm — 6:00 pm 14.6
February 17 9:00 am — 12:00 pm 14.0
2:00 pm — 5:00 pm 14.02
February 18 8:00 am — 12:00 pm 15.13
12:00 pm — 4:00 pm 14.48
6:00 pm — 8:00 pm 15.98
February 19 7:00 am — 9:00 am 17.34

Table 9 was an attempt to monitor the variable neadfi the effluent kS levels over a
short period of time.

Table 9. Repeated Effluent Test Kit Analysis of b5 Over a Short Time Frame
No Treatment Ongoing (2/18/04)

Time H,S
5:20 pm 6.0
5:35 pm 4.6
5:40 pm 4.0
5:45 pm 4.5
5:50 pm 5.0
5:55 pm 4.7
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Discussion

It is apparent that the VTX Process has a pronaleffect on sulfides at York River
within treated effluent from the process as wellresair entering the scrubber system. It
was apparent, however, that the abbreviated comtaetat the headworks limited the
ability of the process to eliminate all or nearlyad the hydrogen sulfide before being
exposed to air stripping within the aerated grd are-aeration units. Even with contact
time limitations, the levels of hydrogen sulfidagenmg the scrubber system were
reduced substantially in all trials. Reductionsged from about 40% at the lowest
dosage level of 6 GPH to a high in excess of 75%ehigher ranges of dosage (12-16
GPH).

Up until the last study, all treatments resultedeiductions of the levels of sulfide in the
effluent to typically less than 1 ppm. It was imamt to continue to reduce the level of
VTX treatment to establish a point at which sigrafit sulfides remained in the effluent
(i.e. breakthrough) in order to establish an edenad treatment efficiency.
Breakthrough occurred during the final treatmentrduhigh flow conditions on the
morning of the fourth day of treatment. Calculatgelated to this study are as follows:

Theoretical Destruction of Sulfide vs. Actual Resu$ from Field Study Sulfide
Break-through Analysis

Theoretical Destruction

Previous work has indicated that efficient treattremturs with the VTX Process at a
mass ratio of 1.5 parts H202 to 1 part sulfide.c®tie correct dosage of peroxide is
attained, catalyst is added at a ratio of 30 ot $@roxide to catalyst. The theoretical
dosage then can be established by determining &éss of sulfide to be treated at a given
flow rate. The theoretical destruction of sulfidea flow of 17.34 MGD at 6.2 GPH of
peroxide is 3.42 ppm.

In order to determine the actual destruction ofidellas measured in the 6 GPH study a
determination of the sulfide mass balance mustdne detween what came into the plant
and what was left untreated going to the scrubber gas and to the effluent of the
grit/pre-aeration units within the wastewater. dbédtions for these factors are as
follows:

Actual Destruction

Calculated Destruction from Scrubber Data:

Average HS into scrubber before treatment: 79.1 ppm
Average HS into scrubber during treatment: 46.6 ppm
Estimated reduction in scrubber air during treatmen  32.5 ppm
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Estimated reduction of 3 in wastewater due to treatment: 0.62 ppm
Estimated HS captured by scrubber and not treated:0.83 ppm

Comparison of Estimated Destruction to Actual Testa:

Average Influent Concentration: 7.5 ppm
Average Effluent Concentration: 2.3 ppm
Average HS captured by scrubber and not treated: +0.83 ppm
Total Not Treated: 3.13 ppm

Estimated sulfide treated by process from dataectdd: 4.37 ppm

Theoretical sulfide treatment potential using 6 G®H.7.34 MGD: 3.42 ppm
Difference between actual and theoretical: 96 @pm

Actual ratio of HO,:S calculated for the study: _ 1.2

Based on data collected, it is initially appardrattthe ratio for the study was less than
expected. However, given the inexact nature oteékeng utilized and the small sample
numbers involved, this assessment should be seamrssy information at this point. In
order to gain confidence in the ratio attainedrgdastudy should be considered. At this
point an estimate for sulfide destruction couldplzeed in the range of $0.94 to $1.03
per pound of sulfide treated. A quick comparisbthes range of cost from Table 3 will
indicate that the process should prove to be lesdycthan competing systems at the
York facility.

Further, it is highly likely that reductions in,8 going to the scrubber can be all but
eliminated if additional contact time for the VTXdeess can be attained. Two scenarios
should be tested.

The first scenario would be to move the injectiamps to existing valves located
immediately before the force main constricts fa thfluent flow meter. Even though it
would not add significantly to the contact timeyrsficant mixing occurs between this
point and grit chamber aeration. The mixing magbeugh to assure enough contact
between VTX chemistry and sulfides to accompliditieint treatment. This location
would also provide for easy installation of metgrequipment and storage tanks.

The second injection scenario would be to injeet\l X chemistry into old lines
established for injection purposes into the for@mjust inside of the York River plant
property line.
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Conclusions/Recommendations

Although some questions remain as to the ultimHitgency of the VTX Process for
treating sulfides coming into the York River fatyiliit was apparent that a very low
dosage of peroxide and catalyst was necessanhtevaclow levels of sulfide entering
the York River plant. It also seems certain thath a slight increase in contact time,
hydrogen sulfide gases going to the caustic scrutdrebe substantially reduced and,
perhaps, all but eliminated. This would assureeatty extended life for the caustic used
for this process.

Finally, maintenance costs for concrete and stqeb®ed to corrosion due to hydrogen
sulfide should be significantly reduced by treatsudfides entering the plant.

It is recommended that the York facility considdaiger second trial for the process
which would extend for up to one month. Injectadrthe process chemistry should be
initially tried at the point where the force mamters the headworks building. If
hydrogen sulfide is not removed with great efficgifrom the scrubber system, the
process should be relocated further upstream tpritygerty line injection point.
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