" Chiorate vs. chlomte

By Donglas Bittmana, P.E. and Joel Tenney

his paper evaluates the effective-
l ness of generating chlorine diox-
ide gas using Eka Chemical's
method of sodium chlorate/hydrogen
peroxide/sulfuric acid technology as it
compares to the Vulcan (Ric Linda®)
chlorine gas/25 percent sodium chlo-
tite system process at the El Paso Water
Utilitics’ 40 mgd Canal (Umbenhauer/
Robertsor) Water Plant in El Pasc,
Texas. Since the Canal Water Plant is
actually two 20 mgd facilitics located
side by side, it was ideal to run com-
parison plant trials of the two types of
technologies in generating chlotine
dioxide. The tdal commenced on
September 8, 1997 and continued
through October 3, 1997,

The objectives of the trial were to
compare the effectiveness of the
sodium chlorate technology to the
sodium chlorite technology in

= Providing reliable and durable
machine performance;

» Producing chlorine dioxide gas at
greater than 95 percent efficiency;

= Minimizing chlorate by-product
residuals in the finish water; and

= Reducing cost of chlorine dioxide
generation by at least 10 percent.

[ntroduction

Eka Chemicals developed a new,
proprictary small scale chlorine
dioxide proccss (SVP-Pure™) sys-
tem for water treatment applica-
tions. This system does not use
chlorine gas as a chemical reactant
to produce chlorine dioxide (i.e.,
no chlerine residual is produced
with the chlorine dioxide gas
which should result in lower tri-
halomethane levels in the distribu-
tion svstem as compared to the
chlorine gas/chlorite methods).

Although results of this study
were inconclusive in this regard, past
studies have shown chlorine alone
used in pretreatment canses signifi-
cantly higher tribalomethane forma-
tion levels. El Paso cutrently utilizes a
chlorine and chlorite-based process
of 960 lbs/day of generated chlorine
dioxide gas for the 40 mgd Canal
Plant (two 20-mgd plants). The stoi-
chiometric chemistry of this process
is shown in Equation. 1.

Equation 1
NaClO, + ¥ClL(gas) —> ClO, (gas) + NaCl

To ensure high efficiency, chlo-
rine is skightly overfed in chlorite svs-
tems. El Paso feeds chlorine at
roughly 1.1 times stoichiometric or

0.57 b, Cly/h. of ClO, Table 1
shows the chemical consnmption
and estimated cost of El Paso’s cur-
rent chlorine/chlorite technology
based on 100 percent conversion of
chlorite to chlorine dicxide using 10
percent overfeed of chlorine.

The State regulatory agency (Texas
Natural Rescurces Conservation
Commission) requires 4 minimum of
95 percent conversion or cfficiency
of the generator. At 95 percent effi-
ciency, the cost of converting chlo-
rine and chlorite to chlorine dioxide
is $2.15 per pound of chlorine diox-
ide. By slightly overfeeding the chlo-
rine gas, conversion efficiency is at
its best. However, there are some
probable consequences in terms of
precursor reduction in the formation
of trihalomethanes since a small
amount of free chlorine residual is
present in the chlorine dioxide/chlo-
rite/chlorate species.

Based on the relative costs
between sodium chlorate and chlo-
rite, the chlorate process provides
a lower cost alternative. El Paso
wanted at least a 10 percent cost
savings by using the Eka Chemicals
process. In the interest of demon-
strating the process attributes in
the field, it was proposed that a
trial be conducted.

Chemical Ib Consume/Ib ClO, 5/Ib Chemical $/1b €ClO,
25 Percent Chlorite Solution 5.37 $0.357 $1.92
Chlorine Gas Q.57 $0.21 $0.12
Total Cost/tb CIO, $2.04
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Trial Resulis verting the ferrous ion to a substitute  to  the high chlorine dioxide
Setup: Figure 1 shows the Canal for the primary coagulant in the demand (480 Ibs/day), two units
Water Treatment Plant Flow  process. For more information, see  were used. Each chlorine dioxide

Schematic. The plant has two-20
mgd plant trains. The plant’s process
is unique because it feeds a high
dosage of chlorine dioxide at a rate
of 2.5 ppm to 3.0 ppm to the raw
Rio Grande river water. This practice
is in sharp contrast with other chlo-
rine dioxide plants that do not
exceed one ppm in order to stay
below the maximwmn contaminant
level for chlorite by-product. El Paso
is able to feed much higher levels of
chlorine dioxide because ferrous
chloride is used to convert the chic-
rite to harmless chloride while con-

the April 1997 article in Water
Engineering & Management enti-
tled “‘Can You Have Your Cake and
Eat It Too’ with Chlorine Dioxide.”
This higher dosage of chlorine diox-
ide provides superior disinfection
credit and some precursor destruc-
tion for lowering trihalomcthanes
potential at a rate of about 10 ppb
per 1 ppm of chlorine dioxide dose
to the raw water but it depends on
the amount of excess chiorine in the
total oxidant species.

The chlorate system was installed
on the Plant 2 raw water linc. Due

unit operated continuously at about
a 10 Ib/hour rate. The setup for the
chlorite mode of operation in Plant
1 was identical except that only one
unit was needed to satisfy the chlo-
rine dioxide demand.

Objective #1 — Machine Performance

Eka Chemicals’ machines availabil-
ity (uptime) achieved during the two
weeks of normal operation was well
in excess of the 95 percent required
by the El Paso Water Utility and
approached 100 percent. Problems
during the first two weeks of setup

Vulcan (Rio Linda®} Generator

Eka Chemicals Generator

Date clo,”
10/1/97 2,000
10/1/97

cdo,  Clor pH o cor  coy pH
280 70 6.0 1,000 0 46 1.7
1,000 0 79 1.7

*CIO; analyzed spectrophotometrically prior to purging with nitrogen gas

Cldy, €104 analyzed by fon chromatograph after purging with niirogen gas

Samples analyzed by Novatek




Chlorite Systems

Eka Chlorate #1

Eka Chlorate #2

Maximum
Minimum
Average

99.47% 99.00%
90.02% 91.00%
96.51% 96.64%

99.00%
87.50%
96.12%

were easily addressed and posed no
concern during operation. Plant staff
assumed primary responsibility for
operating the equipment during this
time and did not cncounter any
undue ditficulties or safety problems.
The problems in the first two weeks
were related o the trial installation
and minor maintenance issues.

During the time of operation,
only one machine issue, a loosening
of the generator heads, caused a
shutdown. This was caused by
severe water back pressure on the
units that resulted from the interim
configuration for the trial period. As
a result, the threads on the reactor
were stripped. This was corrected
by installing UHMW heads on the
reactors and check valves in the unit
discharge lines.

Objective #2 — Generator Solution
Analysis & Efficiencies

Table 2 shows a comparison of
Generator Solutions Analysis for the
two systems. The Eka generator solu-
tion. was more acidic and contained
about the same amount of chlorate
levels as the Vulcan (Rio Linda®™) gen-
erator solution. However, the Eka
generator solution contzined no
chlorite. Chlorate in the Eka solution
reflects generator efficiency. The
low chlorate level measured duting
the trial indicates high generator effi-
ciency, greater than 95 percent. On
the other hand, the presence of chlo-
rate in the Vulcan (Rio Linda®) gen-
erator solution was not totally unex-
pected and is efther the result of

chlorate resicual in the [eedstock or
generator inefficiency.

Table 3 shows the chlorite versus
chlorate unit performance. Both
processes operated efficiently main-
taining average conversions of 96
percent with a range of values
between 90 and 99 percent for the
Vulcan (Rio Linda®) system and 87.5
te 99.0 percent for the Eka Chemical
system. The reported chiorate resid-
ual in the Eka generator solution
equates to a greater than 95 percent
gencrator efficiency.

Application

The application of the chlorate
chemical process to treat Rio Grande
River water worked well. During the
time of operation, there were no
water complaints or unusual plant
performance. Tables 4 and 5 summa-
rize Plant 1 {chloritc system) and
Plant 2 {(chlorate system) process
results. During the trial, Plant 1 treat-
ed an average of 21.5 mgd while
Plant 2 treated an average of 24 mgd.

Tables 4 and 5 should be inter-
preted based on the range of values
in each column because the flow,
chemical dosages and pH data are 24
hour average readings, while the pri-
mary effluent samples for the chlo-
rite, chlorine dioxide and total resid-
vals data is a summary of single daily
grab samples’ results. Ferrous chlo-
ride is supplied as a liquid with
about 12 percent iron content. FeCl
dosages are calculated on a liquid to
liquid basis G.e., 64 ppm = 64 gal-
lons/million gallons)

The Canal Plant operators normally
set the raw water chlorine dioxide
dosage between 2.5 ppm and 3.0
ppm. At the primary effluent, the fer-
rous chloride dosage is set at the rate
of 3 ppm as (Fe) iron per onc ppm of
available chlorite/chlorine dioxide
leaving the primary cffluent, At full
production of 20 mgd in each plant,
the contact time in the sedimentation
basin is 45 minutes, resulting in an
average Gigrdia disinfection CT (con-
centration X Time) credit (.24 X 43) of
10.8 for Plant 1 and 6.3 for plant 2.

During the trial, Plant 1 chlorine
dioxide dosages averaged 2.78 mg/l
while Plant 2 averaged 2.34 mg/l.
The total chlorine dioxide specics
residual averaged 2.26 mg/l in Plant
1 as compared to 2.03 mg/l in Plant
2. Since the plants depend on the
conversion of ferrous to ferric at the
primary etffluent for its coagulant, jt
is likely the higher average scttied
water turhidities of 4.77 NTU at the
filters in Plant 2 were caused by
slightly underfeeding of the chlorine
dioxide in Plant 2. This was because
chlorite residuals were also low in
Plant 2 leaving excess ferrous ion
available to react with the dissolved
oxygen in the water and subse-
quently causing higher settled water
turbidity level.

Although the pH was slightly
depressed in Plant 2, this docs not pre-
sent a problem because El Paso has
high alkalinity water and with a slight-
ly lower pH, lower trihalomethane for-
mation in the distribution system
should result. In fact, El Paso is cur-

Primary Primary Primary Settled  Flow, FeCl Clo, pH at

Efffluent Effluent Effluent Turbidity mgd Dosage, Dosage, finished
Plant 1 Chlorite  ClO, Total  at Filters mg/| mg/1 water
Maximum 2.47 0.64 2.48 7.0 21.52 64.04 4.58 7.50
Minimum 1.49 0 1.78 2.0 11.17 35.81 2.42 730
Average 2.03 .24 2.26 3.3%9 19.86 45609 2.78 7.42




Primary Primary Primary Settled  Flow, FeCl clo, pH at

Effluent Effluent Effluent Turbidity mgd Dosage, Dosage, finished
Plant 2 Chlorite  ClO, Total at Filters mg/| mg/l  water
Maximum 2.44 0.4% 2.82 10.6 24,04 102 2.82 7.40
Minimum 1.17 0 1.23 1.4 7.59 24 1.24 /.20
Average 1.89 0.14 2.03 A77 20.5 39 2.34 7.30

rently considering lowering the pH
during treatment with acid to increase
removal of total organic carbon in
order to comply with futare Stage 2
disinfection byproducts rule of 40
ppb TTHMs as proposed by USEPA.
During 1997, the Canal Plant averaged
60 ppb for TTHMs which is below the
proposed 80 ppb Stage 1 Disinfection
By-Product level but El Paso must con-
sider other treatment options such as
acid/caustic addition or deeper granu-
lar activated carbon filters to comply
with Stage 2 requirements.

Objective #3 —
Minimizing Chlorate Levels

With the chlorite-based system
[Vulcar: (Rio Linda®}], El Paso must
depend on a ferrous jon addition to
eliminate the excess chlorite but
cannot eliminate the chlorates avail-
able either from the stock 25 per-
cent sodinum chlorite solution or
from possible inefficiencies of the
generator. With the chlorate-based
system, El Paso must depend on the
cfficiency of the generator to mini-
mize chlorate levels and the ferrous
ion to eliminate the excess chlorite
after chlorine dioxide rcacts with
the raw water. However, both sys-
tems are required by TNRCC to gen-
erate chlorine dioxide gas at a mini-
mum of 95 percent efficiency.

The intent of the efficiency require-
ment by the TNRCC regulation is to
maxirize disinfection: capability but

with high dosage chlorine dioxide
applications in combination with fer-
rous ion, the main concern by the
operator should be the actual chlorine
dioxide and chlorite resictuals present
at the primary effluent (i.e., some
excess chlorite from inefficiency by
the generator will be eliminated by
the ferrous to ferric ion reaction).
When Ll Paso converted a few
years ago from normal chlorine diox-
ide dosages {1.0-1.4ppm) with ferric
sulfate coagulant to high dosage chlo-
rine dioxide with ferrous chloride,
plant cffluent total oxidant Ievels
were significantly reduced. Therefore,
in El Paso’s case, the reasons for max-
imizing efficiency of chlorine dioxide
generation is not only compliance
with TNRCC regulations and obtain-
ing maximum disinfection credit but
to have increasecd THM precursor
destruction and reduction of cost. In
Table 6, a comparison of chlorite and
chlorate levels arc presented from
samples taken at each plant effluent
and within the distribution system
that is a blend of both plants effluent.
Samples were analyzed by Novatek.
Table 6 results show that the Plant
1 average chlorite level was higher
than Plant 2 because of the slight
underfeed of ferrous ion that resulted
in improved scttled water turbidity but
with the consequence of 0.16 mg/l of
chlorites leaving the plant, The distrib-
ution system sample’s average was
ncgligible at 0.019 mg/1 because of the

lower Plant 2 chlorite readings. The
lower Plant 2 chlorite level was likely
due to the slight underfeed of chlorine
dioxide causing a slightly higher aver-
age scttled water turbidity level but
with the benefit of the lower chlorite
level leaving the plant. The chlorate
Ievels for both plants were very similar
with the exception of one spike read-
ing of 0.584 ppm from Plant 2 that
raised the average chlorate level for
that plant. Both plants were able to
consistently comply with current dis-
infection by-products regulations for
total oxidants.

Objective #4 — Reducing Cost
of Chlorine Dioxide Generation
By At Least 10 Percent

The first plant scale competitive
bid between the two technologies,
chlorite and chlorate, was received on
December 30, 1997 inz El Paso, Texas.
The evaluative cost of generating
chlorine dioxide gas from the chlorite
supplicrs was based on stoichiometric
chemistry as presented in Table 1 and
the current cost of 25 percent sodium
chlorite, $0.357/Iiguid pound of chlo-
rite solution, multiplied by 5.71 to
determine the cost of a pound of chlo-
rine dioxide including chlorine cost.
The Eka Chemicals systcm was pre-
qualified for generating chlorine diox-
ide using its proprietary generator
based on plant trial results.

The results of the bids were $1.82
per pound of chlorine dioxide for

Chlorite Level, mg/I

Chlorate Level, mg/|

Location Maximum
Plant 1 0.3%1
Plant 2 0.005
Distribution 0.146

Minimum Average Moximum  Minimum  Average
ND 0.16 0.284 0.225 0.250
ND 0.001 0.584 0.226 0.349
ND 0.019 0.411 0.176 0.273
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Vulcan Bid

Vulcan as compared to $1.84 per
pound of evaluative cost of chlorine
dioxide. Likely, the competition from
Eka Chemicals caused Vulcan to
lower their price from $.357 per lig-
uid pound sodium chlorite to $0.319
per liquid pound, a 12 percent reduc-
tion. These bids represented a 12
percent and 11 percent reduction in
costs to El Paso (a savings of roughly
$22,000 annually in operating costs).
The Eka Chemicals bid inchided an
additionai charge per pound to cover
the costs of new storage tanks and
additional electricity and water use
by the process machines. Figure 2
shows the scope of the two bids and
the percent of total cost represented
by components/service offered.

Eka Chemicals was unsuccessful
with their first public water utility bid.
Since El Paso had already invested in
chlorite equipment/storage, tlie new
chlorite bid was not penalized as was
the Eka bid. In any event, the intro-
duction of a new chlorine dioxide
technology has increased competition
in the marketplace, as evident from
the savings achieved at El Paso. This
will benefit all consumers in the form
of lower costs and increased service,

Contlusions
The following conclusions can be
made with reasonable certainty:

1. The El Paso trial was successful
in demonstrating the Eka Chemicals
SVP-Pure™ process. Once some of
the installation issues were over-
come, the units ran without incident.

2. The Vulcan (Rio Linda®) and
Ela Chemicals generators worked
equally well in efficiency at 96 per-
cent.

3. The Vulcan (Rio Linda®) and
Eka Chemicals generators wotked
well in minimizing chlorate levels.

4. Both Plant effluents were able
to comply with total oxidant level
regulations.

5. The Eka Chemicals Generator
produces chlorite free and chlorine
free chlorine dioxide that may be
beneficial in further reduction of tri-
halomethane levels.

6. The residual acid from the Eka
Chemicals system did not adversely
affect the El Paso’s water process but
may result in further reduction of tri-
halomethane levels.

7. The setiled water turbidities at
the filters were slightly higher in the
Eka Chemicals system attributed to
the slight underfeeding of chlorine
dioxide rather than any difference in
system chemistry.

8. The introduction of chlorate-
based technologies for generating
chlorine dioxide may change the
basis for the evaluation of chlorine

dioxide bids to an on-site analyzed
cost of chlorine dioxide.

Recommendations

« El Paso should install online chlo-
rine dioxide analyzers in order to
optimize chlorine dioxide dosages
and as a means to determine the
cost of generating chlorine dioxide.

s The evaluation of future bids
should be based on an on-site gen-
crated cost.

+ The cost benefits of generating
chlorine free chlorine dioxide
should be determined precisely in
order to give it appropriate credit
in the bidder's evaluative cost of
generating chilorine dioxide.

* The potential impact on lower
TTHMSs from lower pH water and
chlorine-free chlorine dioxide
solution from Eka Chemicals’ SVP-
Pure™ System should be com-
pared to the existing Vulean (Rio
Linda*) chlorite-based svstem.
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