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ATMOSPHERIC EMISSIONS DURING DEMONSTRATION
OF THE CLEAN SOIL PROCESS®

1.0 BACKGROUND

To evaluate the effectiveness, efficiency, reliability, and costs of the Clean Soil Process®
(CSP) for partial remediation of wastes at former manufactured gas plant (MGP) sites, CSP will
be tested during an interim remedial measure (IRM) to be completed by the New York State
Electric and Gas Corporation (NYSEG) at its former MGP site in Norwich, New York. The
demonstration is being conducted by NGE Enterprises, Inc. (NGE), a subsidiary of NYSEG.
The IRM will involve two fundamental operations: (1) removal of MGP wastes (excavation)
from designated locations, and (2) treatment of the excavated materials via CSP at predetermined
operating conditions developed during pilot studies. The objective of the IRM is to reduce
contamination in the MGP wastes to comply with New York State guidance regarding soil
cleanup objectives. After satisfactory processing, the treated material will be backfilled and
eliminated from further remedial treatment.

The overall objective of the NGE evaluation is to quantify the operation of CSP to assess
its viability/feasibility for use in association with a program of remedial co-burning of MGP
wastes in utility boilers. In transferring MGP contaminants to fine coal particles by adsorption
via CSP, the coal is enriched with the combustible substances. By removing volatile organics
as a product of CSP, including benzene, the combustible product is expected to qualify as
nonhazardous material. Two NYSEG power plants, the Jennison and Hickling stations, are
equipped and permitted for co-burning MGP-waste materials. The demonstration, using wastes
from the Norwich MGP site, will provide the following specific objectives:

(1) assessment of the CSP for commercial-scale applications;

(2) comparison of the CSP treatment using results from different types of
typical MGP wastes (e.g., relief holder and tar well contamination); and

(3) cost analysis.

The planned demonstration of the CSP involves several potential sources of atmospheric
emissions:

 the Sprung™ structure, which will enclose portions of the operation (i.e., feed
and output of the treated material);

¢ the CSP process downstream of the condenser (Figure 1-1); and

¢ a 200-hp boiler fueled by natural gas (Figure 1-1).
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2.0 SPRUNG™ STRUCTURE

The Sprung™ structure is not considered an emissions source subject to permitting,
because it will be open with simple ventilation through open doors. No air treatment system is
contemplated for organic emissions. Two relatively small stockpiles (80 tons each) of untreated
material will be created and depleted simuitaneously within the structure during operation of
CSP. As one stockpile is used to feed CSP, a second small stockpile will be created for
subsequent feed to CSP. The staging stockpile of covered, excavated material located outside
the Sprung™ structure will supply material for the 80 ton stockpiles.

3.0 CLEAN SOIL PROCESS® (CSP)

A principal function of CSP is the collection and management of the volatile
hydrocarbons typically associated with MGP waste soils, i.e., benzene, toluene, ethylbenzene,
and xylenes (BTEX). Within CSP, BTEX will be volatilized, captured, and condensed, resulting
in a liquid solvent product. CSP is a closed system. Air flow entering the system is calculated
based on the assumption of 25 percent pore space in the material to be treated and the rate of
operation for the exhaust fan which draws vapors to the condenser. The range of air flow at a
feed rate of 10 metric tons per hour is from 2 to 20 m*/hr.

The attached flow diagram of the Simplified Clean Soil Process (Figure 1-1) depicts the
operation of CSP planned for the Norwich demonstration. Condensation of the captured
volatiles, largely benzene, toluene, ethylbenzene and xylenes (BTEX), will minimize the amount
of potential air emissions from the system. The capacity of the condenser will be 2.5 tons per
hour. The operational efficiency of the condenser included with CSP is expected to be relatively
high, but will vary with flow rate and BTEX concentration. Some residual BTEX vapor is
expected downstream of the condenser, but it will be contained and managed in two ways:
(1) recycling for combustion or (2) filtration through activated carbon. Benzene is expected to
be the principal gaseous residual downstream of the condenser, because it is the most volatile
of BTEX compounds.

During the demonstration, CSP will be operated in two modes to manage the potential
emissions of residual organic volatiles. The emissions will be either:

¢ vented to the atmosphere after activated carbon filtration; or
* recycled to the boiler.

The solvent product will be handled by a reclamation contractor or manufacturer. Based
on calculations shown in Appendix A, the estimated volume of solvent product will range from
approximately 2 to 4 gallons per hour of operation at a feed rate of 10 metric tons per hour.
The average detected concentrations of BTEX in the areas to be excavated during the IRM are
the basis for this range:

Benzene 321 mg/kg
Toluene 471 mg/kg
Ethylbenzene 118 mg/kg
Xylene 498 mg/kg
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From measurements of BTEX in soils to be used for the demonstration (Task II Site
Investigation), the composition of the solvent product is expected to consist of chiefly toluene
and xylenes.

4.0 BOILER

A boiler will generate steam during operation of CSP. During boiler output from 25 to
100 percent, it will be fueled with natural gas at an estimated range of 55 to 220 m*/hr. and the
combustion air demand will range from 579 to 2,317 m*/hr. Because the unit uses natural gas
as fuel, no permit is needed to operate it (6 NYCRR Part 201.6). The estimated maximum heat
load resulting from the introduction of benzene to the boiler is 349,000 BTU/hr. (0.35
MBTU/hr.), as shown below.

Benzene High Heat Value = 18,188 BTU/Ib = 3,687.5 BTU/ft

Assuming 20 m*/hr of air, mass flow of benzene = 8.71 Kg/hr (2,205 Ib/Kg) =

19.205 1b/hr.
Benzene Heat Load = (19.205 Ib/hr.)(18,188 BTU/Ib)
= 349,000 BTU/hr.
= 0.35 MBTU/hr.

5.0 EMISSIONS CONTROL

5.1 Atmospheric Venting through Activated Carbon Filters

The activated carbon filter system (Figure 1-1) is designed to work both sequentially and
in parallel. Any residual vapor would pass through two pairs of filters before exiting to the
atmosphere. A photoionization detector between the first and second pairs would detect
breakthrough of the first pair should that occur before a scheduled substitution of fresh carbon
canisters. The substitution sequence would remove the first pair of canisters and move the
second pair into their place. Two fresh canisters would be installed at the second pair positions.

Information and calculations regarding the operation of the activated carbon filter system
are provided in Form 76-19-3 for Process, Exhaust or Ventilation System (Appendix B).

5.2 Recycling

While operating CSP when recycling vapor to the boiler, an estimated maximum load of
8.71 kg/hr of residual benzene would be fed to the boiler combustion chamber with air flow
from the system condenser. Because air introduced to the system will be limited to pore spaces
in treated material, the air flow from the condenser will be relatively low; an estimated 2 to 20
m®/hr. is estimated based on an assumed 25 percent pore space. The combustion air demand
far exceeds the flow from the condenser as shown in Appendix C.

Information and calculations regarding the operation of the boiler during the recycling
mode are provided in Form 76-19-2 for Stationary Combustion Installation (Appendix C).
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APPENDIX A

VOLUME ESTIMATE FOR CONDENSED BTEX



YOLUME ESTIMATE FOR CONDENSED BTEX

Method

The volume of benzene, toluene, ethylbenzene, and xylene condensed and recovered by
the Clean Soil Process® (CSP) was determined by estimating the mass flow rate of the
compounds volatilized from the soil and then estimating the mass of compounds that pass
through the condenser and remain in the vapor phase. The mass of compounds that pass through
the condenser and remain in the vapor phase were determined to estimate potential vapor
emissions from CSP (Appendix B). This calculation was based on the worst case assumption
that the concentrations of BTEX are such that saturated conditions exist for each compound.
This assumption is verified in the following calculations by determining the partial pressure of
each compound at maximum and minimum soil concentrations (Phase III Investigation) and
comparing the partial pressure to the vapor pressure of the compound at the condenser
conditions. The partial pressure of each compound is a function of the compound’s
concentration in the air stream and the pressure in the condenser.

mt(kg/hr) = [Cs(mg/kg) x ms (kg/hr)]/1,000,000 (mg/kg)
where:
mt = total mass loading of compound
Cs = concentration of compound in soil
ms = mass loading of soil = 10,000 kg/hr
Ca(mg/m® = [Cs(mg/kg) x ms(kg/hr)]/Qa(m®/hr)
where:
Ca = concentration of compound in the air stream to condenser
Cs = concentration of compound in soil
ms = mass loading of soil = 10,000 kg/hr
Qa = volumetric flow rate of air through system
Pi(psi) = [Ca(ppm) x Patm (psi)]/1,000,000
where
Pi = partial pressure of the compound
Ca = concentration of compound in the air stream to condenser
Patm = pressure in the condenser = 14.7 psi
Note: if Pi > vapor pressure (Pv), then saturated conditions exist
if Pi < Pv, then no condensation occurs for that specific
compound
mc(kg/hr) = mt{kg/hr) - ma(kg/hr)
where
mc = mass of compound condensed in condenser
mt = total mass loading of compound
ma = mass of compound passed through condenser at saturated conditions



Input Parametsrs

APPENDIX A

Cs (max} |Cs{min) Cs{Avg) |(mg/m3)/ppm |Pv @ 25C ma {kg/hr) ima {kg/hr)
‘(mgfkg)  |(mg/kg) } H(psi) @ Qa=2 m3/hr | @ Qa = 20 m3/hr
Benzene 12580 0.002: 321 3,25, 1.84 0.87 B.71
‘Toluene 2000 0.002 4711 3.831 0.55 0.3 3.04
1Ethylbenzene 290 0.001 118 4.41 0.18 0.11 1.13
Xylenes I 1600} 0.005 | 498 4.41 0.13 0.08 0.85
RESULTS
Mammum soil concentrations and Qa = 2 m3/hr
mt { kglhr) ]Ca (mg/m3) 'Ca {ppm) IPi (atm) _ [me (kg/hr) Ve {liters/hr)
\Benzene 6.25E+06 : 1.92E+06 28.27 11.63 13.27
‘Toluene 20 1.00E+07 : 2.61E+08 38.38 19.7 2272
.Ethylbenzene 2.9 1.45E+06 3.29E+05 4.83 2.79 3.22°
|Xylenas 16 8.00E+06 1.81E+06 26.67 15.91 18.29
Totals 50.03 57.50:
galthour 15.19!
Maximum soil concentrations and Qa = 20 m3/hr
mt (kglhr) |Ca (mg/m3) Ca (ppm) Pi {atm) imc {kg/hr) Ve {liters/hr)
Benzene B.25E+05 1.92E+05 2.83 3.79 4.32
Toluene 20 1.00E+06 2.61E+05 3.84 16.96 19.56
Ethylbanzene - 2.9 1.45E+05 | 3.29E+04 0.48, 1.77 2.04
Xylenes | 16 8.00E+05 | 1.81E+05 2.67 15.15 17.41
Totals 37.67 43.34
al/hour 11.45
Minimum soil concentrations and Qa = 2 m3/hr or 20 m3/hr
[ Imt (kg/hr) |Ca (mg/m3) Ca {ppm) Pi {atm) mc (kg/hr) Vc (liters/hr) |
‘Benzene 0.00002 1.00E+01 3.08E+00] 4.52E-05 0 0
iToluene 0.00002 1.00E+01 2.61E+00| 3.84E-05 0 oF
Ethylbenzens 0.00001 5.00E+00 1.13E+00| 1.67E-05 3] 0.
Xylenes 0.00005. 2.50E+ 5.67E+00| 8.33E-05 0 Q
‘Totals 0 0
Avarage soil concentrations and Qa = 2 m3/hr
mt (kg/hr) |Ca (mg/m3) Ca {ppm) Pi(atm) mc (kg/hr) Ve (litersthr)
Benzene 3.21 1.61E+06 4.94E+05 7.26 2.34 2.67
iToluane 4.71 2.36E+06 8.15E+05 9.04 4.41 5.09
IEthylbenzene 1.18 5.90E+05 i 1.834E+05 1.97 1.07 1.23
IXylenes 4.98 2.49E+086 L 5.65E+05 8.30 4.89 5.62
Totals 12.71 14.61
L galfhour 3.86
Averaga soil concentrations and Qa = 20 m3/hr
mt (kg/hr} [Ca (mg/m3) Ca (ppm) Pi (atm) me (kg/hr) Vc (liters/hr)
.Benzene 3.21 1.61E+06 4.94E+04 0.73
Toluene 4,71 2.36E+08 6.15E+04 0.90 1.67 1.93
Ethylbenzene 1.18 5.90E+05 1.34E+04 | 0.20 0.05 0.08
Xylanes 4.98 2.49E+06 | 5.65E+04 0.83 4.13 4.75
Totals 5.85 6.73
gal/hour 1.78
Note:

Faorthe purposes of this calculation, the maximum concentration = 50% of the maximum measured concentrations
in the soil fram areas to be excavated. Average concentration = mean of detected concentrations in areas to be excavated.



APPENDIX B

FORM 76-19-3 FOR
PROCESS, EXHAUST, OR VENTILATION SYSTEM
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ATTACHMENT A prée ! P
v——

The rationale for the approach applied to determine benzene stream
exiting from the condenser is as follows

* According to Dalton's Law (at saturation
conditions) gas leaving the condenser will contain

Vbenzgna = Pbenzf'Pathsph‘ric = 12.7[1 01 .3 X1 00"/6 = 1259/0

Ppenz. - partial pressure for benzene
12.5 % (by volume) of benzene vapours.

** Molar mass of benzene (Cs Hg) is 78 g/mole

1 kg of benzene contains  1000g/78g = 12.8 moles/kq~
and 1 mole of any gas occupies 22.4 liters (Avogadro’s Law)

$0 1kg of benzene (under standard conditions} occupies
Ve 12.8 x 22.4 = 287 liters /k%

***The amount of benzene (ai saturation conditions) will depend the flow rate
of gas exiting the condenser and will be o

For 2 m3/h flow rate
Vg = 2.0 x 12.5%/100% = 0.25 m3 (250 titers)/}-m

or 2501287 = 0.87 kg /-

Following that rule the data in Table 1 were obtained

Table 1

Jotal gas flow  m3th .2 12 20 23
Benzene stream m3h 025 1.50 250 2.837
kg/h 087 523 871 100
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12/22/94 @8:26 BLBERTA RESEARCH COLNCIL =+ 283 537 6347

ATTACHMENT C

Exhaust Analysis Resuits

Ingut Data Summary

Beiler Slize, hp:

Rated Input, Btuhr:
Fuei Type:

Boller Type:

Steam Pressure, psig:
Stack Diamneter, in:

Exhaust Data Summary

25%
Input

Horsepower 50
MM Bauvhr 2.08

Temperalure
Degrees, F 260

Exhaust Flow

ACFM 656
SCFM 483
b/he 2,172

Exhaust Velocity

ft/sec 7.8
ftfmn 488.5

200
8,388,750
Natural Gas
Steam
10
16
Input (percent)
50% 75%
100 150
4.18 6.28
290 310
1,154 1,777
816 1,224
3,669 5,503
13.8 21.2
826.3 12725

NJ. 458 PRE3S

100%

8.37

325

~a N
REG
=

28.8

1,728.7



12-22-94 ©BB:26 ALBERTA RESEARCH COUNCIL + 283 537 6347 NG. 4SS Pog4

ATTACHMENT C

BOILER HP 200

RATINGS - SEA LEVEL TO 5000 FT
Rated Cap. Btu Qutput 6895
{10C0 B tw/h)

APPROXIMATE FUEL CONSUMPTION
AT RATED CAPACITY

Light Od .
Heavy Ol -
Gas
MBtu - Natural Gas 8970
POWER REQUIREMENTS - SEA LEVEL TO 3000 FT,
60 HZ
Blower Motor Hp -
(except Gas)
Gas Models (only) 10
Gil Pump Motor, Hp No. 2 Gil 1/2
Oil Pump Motor, Hp. No. 6 Cil 12
Oil Heaters NW No. 6 Oil 5
Air Compressor Motor Hp Air Comprassor Belt-Driven
{Qil Mixing Only) From Blower Motor




APPENDIX C

FORM 76-19-2 FOR
STATIONARY COMBUSTION INSTALLATION



12,22-84 98:26 ALBERTA RESEARCH COUMCIL = 283 537 6347 NO.458 PEBS

ATTACHMENT C

Estimated Emission Levels
Boiler Model: CB700-200-18

Fuel: Natural Gas
Emission Levels
5 Pollutant ib/MMBTU Ibhe tons/year
co 0.15 126 5.50
NOx .12 1.00 4.40
. SOx 0.001 0.01 0.04
[ HC 0.0186 0.13 0.59
t
E PM 0.01 0.08 0.37
1 Notes:
e 1. The emission factors in Ib/MMBTU are based on the evaluation
- of iaboratory and field test data.

2. The hourly emission rates are based on the maximum rated
ity of the boiler (8,363 MMBTU/Mr).
3. The annual emission levels in tons/year are based ¢n the boiler

-1 firing 24 hours per day 365 per year.
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12/22/94 @8:26

ATTACHMENT C

ALBERTA RESEARCH COUNCIL » 283 537 6347

Exhaust Analysis Resulis

Ingut Data Surmmary

Boiler Slze, hp:

Rated Input, Biwhr:
Fuel Type:

Boller Type:

Steam Pressure, psig:
Stack Diameter, in:

Exhaust Data Summary
25%

input

Horsepowsar 50

MM r 2.09
Temperature

Degrees, F 260
Exhaust Flow

ACFM 656

SCFM 483

oMhre 2,172
Exhaust Velocity

ft/sec 7.8

ft/min 4895

200
8,388,750
Natural Gas
Stazam
10
16
input {percent)
50% 75%
100 150
4.18 6.28
290 310
1,154 1,777
818 1,224
3,669 5,503
13.8 21.2
826.3 1,272.5

NG. 459

100%

8.37

R5

NN
2835
=

28.8
1,728.7

FPEB3



12-22/34 B8:26 ALBERTA RESEARCH COLNCIL » 283 337 6347 NO. 459  Fga4

ATTACHMENT C

BOILER HP [ 200

RATINGS - SEA LEVEL TO 5000 FT

Rated Cap. Btu Cutput 6895
(1000 B twh)
APPROXIMATE FUEL CONSUMPTION
AT RATED CAPACITY
Light Gil -
Heavy Gil -
Gas
MBtu - Natural Gas 8970
POWER REQUIREMENTS - SEA LEVEL TO 3000 FT,
60 HZ
Blower Motor Hp -
{except gas)
Gas Modeis {only) 10
Oil Pump Motor, Hp No. 2 Oil 1/2
Oil Pump Motor, Hp. No. 6 Qil 2
Qil Heaters NW No, & Oil 5
Air Compressor Motor Hp Air Comprassor Belt-Driven

(Cil Mixing Oniy) From Blower Motor



12-22-54 BB:26 ALBERTA RESEARCH COUNCIL -+ 293 537 6347 NJ. 4353

ATTACHMENT C

Estimated Emission Levels
Boiler Modei: CB700-200-15
Fuel: Natural Gas
Emission Levels
Poliutant B/MMBTU b/ tons/year
coO 0.15 1.28 550
NOx 0.12 1.00 4.40
SOx 0.001 0.01 0.04
HC 0.016 0.13 0.59
PM 0.01 0.08 0.37
Notes:

1. The emission factors in lt/MMBTU are based on the evaluation

of laboratory and field test data. .
2. The hourly emission rates are based on the maximum rated
capacity of the boiler {8, 369 MMBTU/r).
3. The annual emission levels in tons/year are based on the boiler

firing 24 hours per day 365 per year.

PBgS



