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2.0 Summary

From May 2 through May 19, 1993, PNL's HEC process was demonstrated on a pilot scale for
treating soil offgases contaminated with chlorinated solvents from a soil-vapor extraction vent at the
Savannah River Site 3/700 Area. The contaminants included 670+55 ppmv PCE and 100+9.0 ppmv
TCE. Trace concentrations of trichloroethane were also present. The pilot-scale system was operated
at flow rates from 1.4 cfm up to 42 cfm using three banks of HEC reactors configured in parallel. All
systems functioned correctly, enabling the field demonstration to be completed ahead of schedule.

2.1 Laboratory Development and Testing

Before field-testing the process, characterization tests were performed in the laboratory using a sin-
gle, prototype reactor operated under expected field conditions. These tests indicated the destruction of
TCE at 99% effliciency over three reactor residence times ranging from 0.8 to 3.1 s (0.5 to 2.0 cfm).
Destruction of PCE increased from 58% to 85% over the same residence times. When mixed with
TCE to simn ite field conditions, PCE destruction ranged from 65% to only 69%, whereas TCE
destruction remained at or near 99%.

The primary decomposition products of TCE were dichloroacetylchloride and pentachloroethane,
with concentrations dependent on reactor residence time. At an inlet concentration of 920 ppmv TCE,
outlet concentrations were 8 ppmv dichloroacetylchloride and 6 ppmv pentachloroethane at a typical
residence time of 1.6 s. The decomposition products of pure PCE were similar to those of TCE, but
concentrations of dichloroacetylchloride were 1 ppmv or less, pentachloroethane was below detection
limits, and hexachloroethane was detected at 4 ppmv. Byproduct distributions for laboratory tests with
representative mixtures of TCE and PCE were essentially a combined total of the single-component
tests. In most of the laboratory tests, phosgene was detected in the reactor effluent but could not be
quantified. Likewise, trace amounts of chloroform (below 1 ppmv) were detected in all of the samples.

2.2 Field Tests

A total of 15 tests were performed in the field to obtain data on 1) the ability of the HEC process to
treat a soil offgas stream contaminated with a mixture of PCE and TCE, 2) the effect of inlet humidity
on the performance of the process, and 3) the projected treatment costs.. Of the 15 tests, seven were
performed on the actual soil offgas stream, and eight preoperational tests were performed using a simu-
lated offgas stream containing only TCE in humid air.

As illustrated in Table 2.1, for the tests with actual soil offgas, TCE destruction was greater than
99% for all cases except the 0.8 sec. PCE destruction ranged between 73% to greater than 99%. In
most cases, destruction efficiencies measured in the field exceeded those measured in the laboratory.
The power required to achieve these destruction efficiencies was also 14 to 34% lower in the field than
in the laboratory on a power-per-reactor basis.
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Table 2.1. Comparison of HEC Performance in the Field and Laboratory

Laboratory Destruction Field Destruction®
Residence Time
(sec) PCE TCE PCE CE
0.8 64.6 98.6 73.3 95.1
1.6 62.8 98.4 75.6 >99®
3.1 69.4 =99 94.0 >99
15.7© N/A N/A >99@ >99@

(a) Destruction is based on effluent analysis by WSRC

(b) Destruction efficiency for the overall process was 97.5% because one
reactor bank was operated at reduced voltage. The other two reactor
banks yielded >99% destruction.

(c) The 15.7-s test was conducted with two banks operating. The other
residence time tests had operated three reactor banks.

(d) Based on PNL online effluent measurement; a sampling error occurred
with WSRC analysis.

Based on off-line effluent analyses performed by WSRC, the main differences between laboratory
and field operations were increased amounts of chloroform and carbon tetrachloride at concentrations
between 5-10 ppmv, and an apparent lack of dichloroacetylchloride (DCAC), which was the main
TCE-destr tion byproduct detected in the laboratory. Phosgene was measured indirectly as a
derivatized ompound in the 4-10 ppmv range. Other byproducts, detected in concentrations below
3 ppmv, w  trichloroacetylaldehyde, pentachloroethane, hexachloroethane, and possibly trichloronit-
romethane. On a carbon mass basis, all organic byproducts represented less than 4.2% of the total
inlet carbo in TCE and PCE at a nominal residence time of 0.8 sec. ‘

The field system included provisions for adjusting the humidity of the inlet stream as required to
achieve optimum performance. Preoperational field tests (conducted using pure TCE in a simulated
offgas) showed that the main effect of increasing the humidity upstream of the HEC process was an
increase in 1e levels of partially reacted byproducts in the reactor effluent. Somewhat unexpectedly,
increases in humidity [from 45% to 90% relative humidity = .H.)] resulted in less than a 10% increase
in power, and had a negligible effect on destruction efficiency. Based on these findings, subsequent
demonstration tests performed on the actual soil offgas were conducted without adjusting the inlet
humidity, which generally remained stable at 40% to 48% R.H.

The preoperational tests also showed that not all of the reactor banks performed equally well. This
was confir d during the subsequent tests with soil offgas. In one case, one of the reactor banks
achieved only 93.5% destruction of TCE while the other two achieved 99%. The one offending reac-
tor bank el ctively lowered the performance of the overall system to 97% destruction (as shown in
Table 2.1). The offending bank was observed to exhibit relatively violent sparking behavior that, for
the test cor ucted at a residence time of 1.6 s, required the power-supply voltage to be lowered from
30 kV to 27 kV. Oddly, the byproduct levels in the overall process effluent produced during this test
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Table 5.2. Offgas Treatment Tests

Demo Test Banks Flow Flow/Reactor Residence
Number Operated (cfm) (cfm/reactor) Time (sec)

1 A 7.0 1.0 1.6

2. B 7.0 1.0 1.6

3 C 7.0 1.0 1.6

4 ABC 10.5 0.5 3.1

5 ABC 21.0 1.0 1.6

6 AC 1.4 0.1 15.7

7 ABC 42.0 2.0 0.8

Before operating the system, absolute-pressure sensors located in the inlet and outlet system piping
were used to verify a leak-proof system by static-pressure testing at ~ 5 psig (five times the average
operating pressure of ~ 1 psig.)

5.1 Der )nstration Site History and Field Conditions

Testing at the Savannah River Nonarid Integrated Demonstration site was performed on soil offgas -
removed from well number ZVE-4 next to A-014 outfall in the 3/700 area. Forty years of diluted,
untreated waste from the Metal Fabrication Facility had left the clay/silt soil contaminated with
trichloroet 'lene (TCE), perchloroethylene (PCE), and trichloroethane (TCA). At the time of the
demonstation test, contaminant concentrations in the soil had not been completely characterized.

Westinghouse Savannah River Company (WSRC) installed an In Situ Air Stripping (ISAS) system
consisting of a soil well (ZVE-4) that extended 115 ft into the ground with a screened length of 60 ft.
A blower connected to the soil vent pulled between 10-12" Hg vacuum on the well and discharged its
effluent at a controllable pressure and temperature between 0.25 - 6 psig and 90 - )5°F, respectively.
A cyclotron/liquid knock out drum and a particulate filter were located upstream of the blower to
remove any entrained liquids and particulates (> 5um). Figure 5.1 is a schematic outline of WSRC’s
ISAS process.

The composition of the soil offgas stream varied seasonaly and with atmospheric conditions. The
compositions averaged 10,000 ppmv PCE, 2,000 ppmv TCE, and 200 ppmv TCA. The soil offgas
was diluted with ambient air prior to enter the HEC system to approximately 686 ppmv PCE and
101.8 ppmv TCE. TCA concentrations were not measured since standards were not available,
however, trace concentrations (< 10 ppmv) were expected and were assumed to have negligible effects
on the HEC experiments.

5.2 An: rtical Techniques Used for Field Testing

Analyses of the inlet and effluent stream concentrations were performed both by PNL staff using
the on-line GC/FID system described in Section 4.1 and by WSRC for independent confirmation of
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Table 5.3. Variation in TCE/PCE Detection Between 5/9 and 5/13/93

10 ppm 100 ppm
Contaminant ECD (%) ECD (%) FID(%)
TCE 53 6.1 " 9.2
PCE 12.5 53 6.5

required to fill the sample bags was provided by backpressure in the effluent piping, which was
dependent on the overall stream flowrate. Because of this, samples collected during Test 6, involving
an extremely low offgas flowrate (1.4 cfm), required 15 min to fill one sample bag. To save time, the
sample bags were not purged during this test, and only two samples were obtained; one during reactor
startup an one following reactor stabilization.

5.3 Effect of Inlet Humidity on HEC Performance During
Preoperational Tests

Table 5.4 summarizes the effect of inlet humidity on the destruction of pure TCE in air at a resi-
dence time of 1.6 s and a TCE concentration of 465 1+ 24 ppmv. Destruction efficiencies fell from
>99% at moderate (45%) humidity to 97.3% at high (90%) humidity. However, any trend is unclear
because destruction did not vary monotonically with inlet humidity. If anything, the test results suggest
that the use of two different reactor banks (A and B) may have had a greater effect on destruction effi-
ciency than differences in inlet humidity. The tests conducted using Bank A at 45% and 75% R.H.
resulted in higher destruction efficiencies than measured using Bank B at 60% ar 95% R.H.

Table 5 shows that the relative concentration of byproducts in the effluent increased with
humidity. Because thorough byproduct calibrations could not be made using the gravimetric calibration
standards available in the field, relative concentrations were calculated from the on-line chromato-
gr. hs by normalizing (assigning a value of one to) the concentrations of each byproduct peak obtained

Table 5.4. Effect of Inlet Humidity on Destruction of Pure TCE

Inlet Humidity
Shakedown . Reactor (% Relative Inlet TCE TCE Destruction
Test Bank Humidity) (ppmv) Efficiency (%)
1 A 47.7 £ 1.5 446 + 28 =99
2 B 57.0 £ 9.0 454 20 98.6 + 0.5
3 A 76.2 + 7.9 462 + 24 =99
4 B 91.8 £ 9.6 500 + 7.7 97.3 + 0.7
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Because increased humidity caused increased byproduct levels, required marginally more power,
and potentially decreased destruction efficiencies, all subsequent tests with pure TCE were run at 45%
R.H. Likewise, for subsequent soil offgas treatment tests, the humidity of the soil offgas entering the
HEC process was not altered (increased) because an optimum in R.H. was either not detected, or
appeared to occur at an R.H. of 45% or lower. Based on laboratory experience, an optimum in stream
humidity probably exists between 15% and 45% R.H. because, as humidity is increased within this
range, the EC plasma visibly shifts from violently sparking to homogeneously glowing, with an
apparently corresponding increase in destruction efficiency.

5. Effect of Reactor Residence Time on HEC Performance During
Preoperational Tests

Table 5.6 summarizes the effect of reactor residence time on the destruction of pure TCE in air at
45% R.H. using reactor-Bank C. Destruction efficiencies for TCE ranged from 96.1% to >99% with
increasing reactor-residence times. The listed destruction efficiencies were measured after the reactor
performance had reached steady state, based on 3 to 4 reproducible destruction values.

Table 5.7 lists the amperage, power, and an energy cost per pound of TCE treated associated with
each TCE destruction test in Table 5.1. This estimate is based on the measured destruction efficiency
(from Table 5.6) and reflects the operating cost of the HEC reactor. Operating costs obviously
decrease as more contaminant is fed to the reactor. An electrical unit cost of $0.05 per kW-hr was
used for these calculations, corresponding to the average, projected commercial cost of electricity in
the Pacific [orthwest over a 30-yr period, as quoted by Westinghouse Hanford Company staff.

Table 5.6. Effect of Residence Time on Destruction of Pure TCE

Inlet Residence Total Destruction
Preoperational TCE Time Flow Efficiency
Test Number (ppmv) (sec) (cfm) (%)
5 701119 3.1 35 =99
6 341115 1.6 - 7.0 =99
7 335422 0.8 14.0 97.4
8 364132 04 28.0 96.1

Note: Tests 5 through 8 were performed on reactor Bank C.
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process treatment rate of 42.0 cfm) where TCE destruction efficiency fell to 95%. Destruction effi-
ciencies measured off-line by WSRC and on-line by PNL agreed within 2%. All samples for Fig-

ure 5.3 were collected at the end of the test following reactor stabilization as determined by on line
GC/FID measurements. During Test 5 (corresponding to a 1.6-s residence time), two sparkovers
occurred 1 bank B, forcing it to be set at a lower operating voltage of 27 kV, resulting in a lower TCE
destruction efficiency of 93.5%. Based on a material balance and assuming flows through each bank
were uniformly equal, the overall decrease in TCE destruction can be accounted for by the voltage
reduction in Bank B. :

An e uent-sampling error occurred during Test 6 conducted at a flowrate of 0.1 cfm/reactor. At
this low flowrate, the backpressure on the effluent side of the process was extremely low, requiring 10
to 15 min to fill a Tedlar® sampling bag. Because of the time required to fill the bag, only one sample
was collected. Since all other sampling operations associated with tests at higher flowrates (and thus
higher backpressures) were completed well within S min, a PNL staff member in the HEC trailer
assumed that the effluent sample had been collected (outside the trailer) and ina rertently switched
process conditions during the actual 15-min sampling period. The responsible WSRC test engineer was
informed nmediately of this error. Due to time constraints, it was not possible to repeat the
experiment. The more conservative on-line measurements were used to determine destruction
efficiency for this test.

5.6 Destruction Efficiencies for Perchloroethylene Measured During Offgas
Treatment Tests

Figure 5.4 presents steady-state destruction efficiencies for PCE in soil offgas treated by the HEC
process. As can be seen, differences between the on-line (PNL) and off-line (WSRC) analyses were
pronounced.® Based on the off-line analyses, PCE destruction increased monotonically between
73.3% and 94% with increasing residence time from 0.8 to 3.1 s. (As mentioned in Section 5.5, a
sampling error prevented collection of a representative sample for Test 6 at a 15.7-s residence time.)
However, 1e more conservative on-line results shown in Figure 5.4 clearly demonstrate a level of
=>99% destruction of PCE at this flowrate. As mentioned before, during Test 5 (corresponding to a
1.6-s res: :nce time), two sparkovers occurred in Bank B, forcing Bank B to be set at a lower
operating voltage. Bank B registered a 2.5% decrease in overall destruction. Destruction efficiencies
for PCE were also measured at ~ 10 min into startup of the treatment system, with results as shown in
Figure 5.5. Compared to process performance at steady state, levels of destruction at start-up were
20% higher at a 1.6-s residence time (as measured by both WSRC and PNL) and 13% higher at a2 3.1-s
residence me (as measured by PNL). Laboratory studies, as well as field tests, have consistently
indicated greater PCE destruction at startup as compared to steady state.

(a) As discussed in Section 5.1, in the event of discrepancies between the on-line and off-line tech-
niques, the off-line analyses performed by WSRC were considered the ultimate determination of
destruction efficiency and byproduct levels because the same off-line analyses were used to meas-
ure the performance of other technologies participating in the VOC-Nonarid ID.
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5.7 Comparison Between On-Line and Off-Line Determination of
Destruction Efficiency

As indicated by the data presented in Figure 5.4, destruction efficiencies for PCE measured on- and
off-line differed by as much as 18%. Simple diffusion of contaminants from the sample bags could
have also caused the observed differences between the on- and off-line measurements. However, this
must be i :d out based on data from WSRC on the negligible effect of a 2-h period between ¢ nple
collection and sample analysis.

PCE deviations may have occurred in the sample bags during the 2-h period between sampling
and analysis since the HEC effluent is known to contain strong oxidants. Because levels of TCE
destruction exceeded 95%, further destruction of residual TCE in the sample bags may have been
undetectable within the limits of analytical uncertainty.

5.8 Byj oduct Formation During Treatment of Soil Offgas

Figure 5.6 presents byproduct concentrations measured at steady state as a function of reactor
residence time. As might be expected, the total amount of byproducts varied inversely with reactor
residence time. At all residence times, less than 3 ppmv total of trichloronitromethane, trichloroacetyl-
chloride (or trichloroacetylaldehyde), pentachloroethane, and hexachloroethane were detected in the
process effluent.

Chlorc rm and carbon tetrachloride concentrations varied between 5-10 ppmv. Dichloroacetyl-
chloride w  suspected based on off-line GC/ECD measurements but was not detected by the GC/MS
analysis. Phosgene was measured indirectly as a derivatized compound at concentrations roughly quan-
tified in the 4-10 ppmv range. Trichloronitromethane was suspected in the effluent, based on1 5 scans
in the 30-AMU range (corresponding to the presence of N-O groups), but calibration standards were
unavailable for positive verification. Spectra fitting chloromethane, methylene chloride, and
1,1-dichloroethane were also detected by off-line GC/MS, suggesting the presence of trichloroethane
(TCA) in 1 : offgas stream. However, standards for TCA, chloromethane, methylene chloride and
1,1-dichloroethane were also unavailable, so neither their concentrations nor positive identification
cot | be established.

The percent of organic-carbon byproduct formation was calculated from WSRC GC/MS results for
each of the four residence time tests. These values were based on compounds produced by the EC
process: phosgene, trichloroacetylchloride, hexachloroethane, trichloronitromethane, chloroform,
carbon tetrachloride, chloroethane, and 1,1-dichloroethane. Inlet organic carbon from PCE, TCE,
and TCA that was not destroyed by the process were not included. As expected, e highest organic
carbon byproduct percentages were observed at a 0.8-s residence time while the lowest percentages
were observed at a 15.7-s residence time. Table 5.8 summarizes the field results for tests 4-7.
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5.9 Effect of Reactor Bank on Destruction of PCE and TCE in Soil Offgas

Offgas treatment Tests | through 3 were performed to discriminate between the destruction effi-
ciencies achieved by each of the three reactor banks. Each test was run on a single bank for at least
45 min to achieve multiple steady-state measurements of PCE/TCE destruction. Between tests, PCE/
TCE concentrations at the process inlet varied only slightly. The results presented in Table 5.9
indicate that the three reactor banks exhibited similar performance. Figure 5.7 also presents destruc-
tion efficiencies for PCE for each of the reactor banks, as well as the combined process effluent stream
as a function of residence time for Tests 4 through 7. Sampling ports for the on ne GC/FID were
located at each of the outlets for the three reactor banks,® enabling the effluent from each bank to be
analyzed separately. These data show that higher destruction efficiencies were attained in Bank C as
compared ) Banks A and B. Throughout tests 4 through 7, Bank C appeared to operated smoothly
while Banks A and B exhibited incidental sparking disruptions at a normal operating voltage of 30 kV.
Some of the disruptions caused sparkover, creating current surges that automatically disabled the reac-
tor bank’s ower supply by tripping an over-current protection relay. This allowed soil offgas to pass
untreated rough the disabled reactor bank until the bank could be brought back on line, which gener-
ally required 30 to 60 s.

Unusual sparking about 8 to 12 in. from the bottom of the reactor was observed when treating the
ISAS off gas stream. Banks A and B sparked the most violently and exhibited arcing from the center
electrode to the reactor wall. Under these conditions, both banks were adjusted to slightly lower
voltages (I .ow 29 kV). Minerals/aerosols entrained in the off gas vent may possibly have caused this
unusual sparking. As mentioned in Sections 5.5 and 5.6, two sparkovers occurred in Bank B during
Test 5 (corresponding to a 1.6-s residence time), forcing Bank B to be set to a lower operating voltage
of 27 kV, which resulted in a lower destruction efficiency of 93.5%. Consequently, overall TCE
destruction during Test 5 was 97% even though Banks A and C operated at 99% destruction.

Table 5.9. Effect of Reactor Bank on Process Performance (Tests 1-3)

PCE TCE
Test -
Number Bank PNL WSRC Pr . WSRC
1 A 69.5 + 6.8% 747 + 3.1% =99% >99%
2 B 677+ 6.7% 76.3 + 2.8% =>99% =>99%
3 C 68.2 + 3.0% 73.4 +£ 3.1% =99% =>99%

(a) Sampling port locations are indicated in flowsheet provided in Figure 4.
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e k=095 (for 76% destruction at a residence time of 1.6 s)
e k=0.9s! (for 94% destruction at a residence time of 3.1 s)

Of the alculated values, k=0.9 s°! corresponds to the slowest rate of reaction. Using this value, a
reactor res ence time of 3.3 s would be required to achieve 95% destruction of PCE, corresponding to
the :vel of cleanup required by current EPA regulations.

A treatment capacity of at least 50 cfm is assumed to be required for each reactor in a full-scale
HEC treatment process to keep the number of reactors (and associated costs) to a reasonable minimum.
To achieve 1e calculated residence-time requirement of 3.3 s for 95% PCE destruction, a 50 cfm reac-
tor would juire a packed-bed volume of 2.8 ft>. This corresponds to a volumetric scaleup-factor of
21.3 over the pilot-scale HEC reactors that were used in the field demonstration. If the power-supply
voltage used for the full-scale process is assumed to be kept at 30 kV, the same as the pilot-scale pro-
cess, the d iensions of the required S0-cfm reactor can be calculated. While no further details can be
given at this time due to the proprietary nature of the HEC technology, it can be stated that the calcu-
lated dimensions would enable six 50-cfm reactors to be placed in roughly the same skid size used in
the existing pilot-scale HEC process. At 30 kV, the power required per reactor is estimated as 5 kW,
based on power data obtained during the field demonstration.

Using a volumetric scaleup-factor of 21.3, the installed cost of one full-scale (50-cfm) reactor can
be estimated as $4.4 K based on the actual cost of the pilot-scale reactors, and assuming similar mater-
ials, fabrication and installation techniques. (The present 'EC reactors were fabricated by WHC and
assembled by PNL at a total cost of $1.4 K per reactor, including materials. For this analysis, it is
assumed that an off-site fabricator would be able to supply the same reactors in quantity for half this
cost. A published® cost-scaling factor (0.6) for general process equipment is then used to arrive at
the per-reactor estimate of $4.4 K.)

6.2 Capital Costs for a Full-Scale HEC Process

A typical corona process for treating contaminated soil offgases would consist of a vacuum blower
followed by a multiple-reactor corona system, followed by a secondary scrubber. A blower capable of
300-cfm operation is estimated to cost $14 K; $19 K for a 500-cfm blower. A 300-cfm process would
require six 1ll-scale HEC reactors at a cost of $26 K while a 500-cfm process would require ten 50-
cfim reactors at a cost of $44 K, based on projections made in section 6.1. The installed cost of a
reactor skid with piping and process instrumentation for a six-reactor (300-cfm) HEC system would be
expected to be $28 K, based on the installed cost of the existing field skid. (The existing skid had an
installed cost of $70 K, but would be projected to cost $28 K if fabricated and installe by an off-site
ven or.) The cost of a reactor skid with piping and process instrumentation for a 10-reactor (500-cfm)
HEC system would be expected to be $38 K, based on $28 K for a 300-cfm skid, and a cost-scaling
factor of 0.6 for general process equipment.®) The power supply required for a 300-cfm HEC

(a) Peters and Timmerhaus, 1980.
(b) Peters and Timmerhaus, 1980.
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Table 6.2. Summary of HEC Operating and Total Annual Costs

Process Operating 300 SCFM 500 SCFM
Costs ($/yr) $ ®
Power Costs 36,000 60,000
Class D Disposal Costs 6,000 10,000
Annual Operating Costs 42,000 70,000
Total Annual Cost 65,000 104,000

6.4 Capital Costs for a Full-Scale CO Process

A typical catalytic-oxidation process for treating contaminated soil offgases would consist of a
vacuum blower followed by an electric preheater, and a wet or dry scrubber to remove acid gases. The
preheater is required to raise the air stream to 700 to 800°F before entering the catalyst bed. The
installed cost of a CO process capable of treating 300 to S00 cfm of soil offgas at total PCE/TCE con-
centrations not exceeding 1000 ppmv would be $150 K, based on a purchase cost of $120 K (including
blower and electric preheater) and a 25% installation fee of $30 K. The process blower would need to
be capable of compressing a 500-cfm air stream to 7 psig (corresponding to the pressure drop across
the catalyst bed.) The cost of the acid-gas scrubber is assumed to be the same as for the HEC rocess:
$14 K for the 300-cfm process and $19 K for the 500-cfm case, with an additional $2 K for a piastic
storage co ainer (or other fixed cost.) These assumptions result in a total cost for capital equ ment of
$166 K for a 300-cfm catalytic-oxidation process, and $171 K for a 500-cfm catalytic-oxidation
process. Annual costs for capital equipment, based on an interest rate of 5% and a payback period of 5
yr, would be $38.3 K for a 300-cfm and $39.5 K for a 500-cfm catalytic oxidation process. Catalytic

oxidation capital investment costs are outlined in Table 6.3.

6.5 An 1al Costs for a Full-Scale CO Process

The cost for operating the CO pro would include the electricity required to operate the blower
and prehe 1, the cost for annual replacement of the catalyst, and the cost to handle and dispose of the.
spent acid as scrub medium. The power associated with preheating a 300-cfm stream is 300 kW, with
a corresponding annual cost of $121 K assuming 24-h operation with 8% downtime and no heat

Table 6.3. Summary of Catalytic Oxidation Capital Investment Costs

Capital Equipment 300 SCFM 500 SCFM
Purchage Cost 6] $)
Process Installed Cost 150,000 150,000
Scrubber 14,000 19,000
Storage Tank 2,000 2,000
Total Capital Cost 166,000 171,000
Annualized Capital ($/yr) 38,300 39,500
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Table 6.5. Comparison of Treatment Costs for HEC and Catalytic Oxidation

: 300 CFM Inlet 500 CFM Inlet
Treatment
Technology 1000 PPMV 3000 PPMV 1000 PPMV 3000 PPMV
High Energy Corona  $1.48/Ib $0.49/1b $1.40/1b $0.47/1b
Catalytic Oxidation $3.40/1b $3.40/1b@ $3.14/b $3.14/1b®

(a) Catalytic Oxidation Systems do not operate above 1000 pmv. Therefore,
treatment of a 3000 ppmv stream would require a 2:1 duution resulting in
roughly the same operating and capital costs as treatment at 1000 ppmv.

with a total contaminant loading of 1000 ppmv are also given, illustrating the effect of contaminant con-
centration on treatment cost. (The annual mass-treatment rates associated with a 1000-ppmv stream are
55,500 1b d 92,500 Ib, respectively for treatment at 300 and 500 cfm.)

Based on discussions with a vendor for CO equipment, the maximum concentration of chlorinated
compounds that can be treated using the system described in Section 6.4 is 1000 ppmv. However, the
assumed stream concentration for this cost analysis is 3000 ppmv. To treat this stream using CO, the
concentrated offgas removed from the soil would have to be diluted with two equal parts of ambient air
at the compressor inlet to reduce the inlet concentration to the catalyst bed to 1000 ppmv total of TCE
and PCE. s a result, for the baseline 300 and 500-cfm treatment scenarios, the actual volume of soil
offgas treated would be 100 and 167 cfm, respectively. At inlet concentrations of 1000 ppmv, this
results in ¢ )tal mass-treatment rates of 55,500 and 92,500 1b per year. Because of this, the annual
costs for treating a more dilute stream (at 1000 ppmv) would be roughly identical, because the inlet
stream vol! 1e and mass flowrate of contaminants would be the same for the diluted 3000-ppmv
stream.
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