
• Contaminan t concentration s i n extracted soi l gas , an d how the concentration s
initially vary with time

• Initia l rate of contaminant mass removal (for sizing off-gas treatment units)
• Identificatio n of constituents that ma y affec t vapo r treatment, e.g. , tetramethy l

lead or chlorinated solvents may be present tha t can potentially cause poisoning
or deactivation of a catalyst

• Amoun t of vacuum that is necessary to induce a reasonable volumetric flo w rate
of air from each well

• Ai r permeability of the soil at each contaminated stratum
• RO I of each well

The 1991 EPA publications "Soil Vapor Extraction Technology" (EPA/540/2-91/003)
and "Guid e fo r Conductin g Treatabilit y Studie s Unde r CERCLA : Soi l Vapo r
Extraction" (EP A 540/2-91/019A) give detailed information on soil venting testing .
The best preliminary test is a field pilot test, usually done with an ICE or a centrifugal
vacuum blowe r rate d a t approximatel y 5 0 ft 3/min followin g a  pai r o f drum s
containing activated carbon for emission control.

Details o f laboratory column tests and fiel d pilo t tests ar e given in Section 8.5 . A
primary objective of field tests is to determine the ROI for extraction wells screened
at each stratum. The n the well pattern can be designed t o fit the aerial extent of the
contaminant distributio n that has been determined during site investigations . Tes t
results giv e informatio n fo r ftVmi n t o vacuu m an d fo r calculatin g soi l ai r
permeability. Contaminan t concentration measurements ar e needed t o estimate th e
initia l mas s extractio n rat e an d th e emissio n abatemen t syste m operatin g
requirements.

8.4.2 Radiu s of Influence of Extraction Wells and Soil Air Permeability

The RO I i s that distance fro m a n extraction poin t a t which the observed vacuu m
reading i s not significant . Settin g a  significan t vacuu m level i s arbitrary, although
sometimes i t is related t o the sensitivity o f the vacuum gauges selected fo r the pilot
test. An y amount of vacuum increase noted at an observation well or probe when the
blower is on indicates that soil vapor is flowing fro m the observation point toward the
extraction well . Sometime s vacuum levels in the range of 0.05 to 0.10 in. w.c. are
selected to indicate the limit of the ROI. (Thi s practice is disputed by Bohn (1997),
who contends that the ROI is where the amount of induced vacuum is zero.)

In practice, it is usually found that the selected vacuum level is not exactly observed
at the remote wells and probes. A  curve is plotted showing the logarithm of observed
vacuum readings versus radial distance fro m th e extraction wel l at a given air flo w
rate, and extrapolated t o an arbitrarily selected small vacuum. O r a linear regression
of the absolute pressure (P) values equivalent to observed vacuu m readings at each
distance r  from the extraction well can be fitted to Equation 8-11.

P2 = a + b(logr ) (8-11 )
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in which r is the distance fro m the extraction well to the observation point, and a and
b are empirica l constant s determine d fro m th e linear regression. Fro m this equatio n
(or fro m a  plo t thereof) , th e distanc e r  tha t correspond s t o th e selecte d vacuu m
equivalent t o P  i s the ROI . I f al l the dat a point s fi t wel l wit h thi s equation, th e
extraction wel l is probably extracting ai r from a  homogeneous stratum .

Another metho d o f arriving a t the ROI is to plot observed vacuu m versu s distance
from the extraction wel l at a given flow rate, and to select that distance to be the point
just before the curve starts flattening out.

It should b e note d tha t afte r th e vacuu m blowe r i s started, i t takes som e tim e fo r
vacuum reading s an d soi l ga s concentration s t o becom e steady , a t whic h tim e
readings should be noted for use in the calculations.

The relationshi p among quantit y of air flow throug h the soil , radia l distance t o the
observatio n point , extractio n vacuum , an d observe d vacuu m depend s o n th e
extraction wel l screen length , air temperature , molecula r weight an d viscosity , wel l
radius, an d the ai r permeabilit y of the stratum . Th e ai r permeabilit y fo r successfu l
soil ventin g shoul d b e a t leas t 10~ 8 cm 2. Ai r permabilt y ca n b e calculate d fro m
Equation 8-12, adapted fro m Johnson et al. (1990).

K = [Q n ln(r/Rw)]/[7cbPw (Patm/Pw)2-l] (8-12 )

in which k  is the soi l air permeability , cm ;  Q is the air flow rate, cm /sec; (j , i s the
viscosity of air, 1.8 x 10"4 g/(cm-sec); b is the well screen length or sand-pack length ,
cm; P w i s th e absolut e pressur e a t th e extractio n well , g/(cm-sec 2); P atm i s 1  atm
pressure , o r 1.0 1 x  10 6 g/(cm-sec 2); r  i s th e distanc e fro m extractio n wel l t o
observation point, cm; and Rw is the radius of the extraction well bore hole, cm.

Examination o f thi s equatio n indicate s tha t fo r a  give n permeabilit y value , k , th e
larger the radiu s o f an extraction well bore hole , R w, the higher i s the ai r flow rate .
This radiu s ca n b e somewha t effectivel y increase d b y enlargin g th e san d packin g
around the well (Gomez-Lahoz et al., 1991).

The method o f Johnson e t al. (1990) fo r designing extraction wel l systems ha s been
programmed fo r computer application ; i t is distributed b y the EPA under th e nam e
Hyperventilate. Th e Macintosh compute r versio n cost s $17; the PC version cost s
$22. Bot h ar e availabl e fro m th e Superintenden t o f Documents , Bo x 371954 ,
Pittsburgh, P A 15250-7954 (phon e 202-783-3238). Th e Macintosh documen t orde r
number is S/N 055-000-00403-0. Th e program includes these steps:

• Th e use r ma y enter the relativ e amount s o f each contaminan t compoun d t o be
extracted fro m the soil or enter "fresh gasoline" or "weathered gasoline."

• Th e user enter s the soi l textur e (i.e. , mediu m sand, fine sand, silty sand , claye y
silts) or the soil permeability.

• Th e user enters the well radius, ROI, length of the screened interva l in the wells ,
and inches of water colum n vacuum. Fo r the ROI, Johnson et al. (1990) sugges t
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40 f t (12 m) as a  defaul t valu e if the actual valu e is not known. Johnso n e t al .
give Equation 8-13, which relates observed test pressure readings and ROI.

(8-13)

in which, using consistent units , P is the remotely observed absolute pressure a t
distance r  fro m th e extraction well ; P w is th e absolute pressure applied a t the
extraction well; Rw is the radius of extraction well bore hole; and RI is th e ROI.

• Th e program calculates the air flow rate range per well.
• Th e user enters the soil temperature, and the program calculates the contaminant

extraction rate s (i n Ib/da y o r kg/day ) a t the chosen amoun t o f vacuu m an d a t
lesser amounts of vacuum.

" Th e user enters the estimated total mass of contaminant to be removed and the
desired number of days of remediation, and the program calculates the maximum
extraction rat e range. (Not e that the program assumes idea l circumstances, an d
the actua l extractio n rat e ove r a  period o f time wil l be less tha n the predicte d
rate.)

• Fo r each grou p of compound s within certain boiling point ranges, the program
calculates the corresponding vapor concentrations and the residual concentrations
in the soil.

• Th e program calculates the minimum amount of air that must be drawn through
the soil per gram of initial contaminant to achieve at least a 90% reduction. Th e
program calculate s the numbe r of wells needed an d expresses thi s resul t a s a
range.

The program manual notes that calculated values are predictions that are intended to
serve a s guidelines . Th e progra m help s determin e whethe r soi l ventin g i s a n
appropriate technology to apply at the described site.

The computer program Bioventing Plus™, marketed by Environmental System s &
Technologies (Blacksburg , Virginia ) uses equations based o n Johnson e t al. (1990)
and estimates hydrocarbo n recovery rate versus time for multiwell systems. I t also
calculates the air permeability from fiel d measurements of vacuum and air flow rate.
Other model s o f soi l ventin g have bee n develope d b y Wilso n (Eckenfelde r Inc. ,
Nashville, Tennessee).

Figure 8-3 , adapted fro m Appendi x E  of the U S EPA (1991d), give s a n order-of -
magnitud e relationshi p betwee n soi l ai r permeabilit y an d typ e o f soil . Th e
permeability scale units are Darcy's; multiply by 9.87 x 10"9 (approximately 1  x 10"8)
for equivalent permeability k in units of cm2.

Other methods of estimating the soil air permeability are described as f >llows:

• Base d on a correlation published by the U.S. Department of Commerce (1991), k
is 125(Di 5)

2 x  10' 5 cm 2, i n whic h Di 5 i s th e 15 % particle siz e diamete r i n
centimeters, passing by weight, as determined from a  sieve analysis of the soil.

• Rati o the air permeability to hydraulic conductivity of the soil when saturated. I f
k is in cm2 and hydraulic conductivity, K, is in cm/sec, k/K (which decreases with
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Figure 8- 3 Ai r flowrat e versu s soi l ai r permeabilit y and applied vacuu m (U S
EPA, 1991d, Appendix E).

temperature) has been estimated to be of the orde r of 10~ 3 a t 50° F fro m dat a in
the U S EP A (1991c) , o r o f th e orde r o f 10~ 5 fro m correlation s i n th e U S
Department of Commerce (1991).
Johnson et al. (1990) give Equation 8-14.

k = Qu/(4A7im) (8-14)

in which Q is the volumetric vapor flow rate fro m a n extraction well , cm3/sec; j a
is the viscosity of air, 1.8 x 10"4 g/(cm-sec); m is the stratum thickness, cm; and A
is the slope o f the straight-line curv e developed by plotting the pressur e noted
during testin g a t a n observatio n wel l o r prob e versu s the natura l lo g o f time .
(Note tha t thes e pressur e reading s shoul d be take n frequentl y durin g the firs t
minutes whe n vacuu m i s applied. ) Th e slope A  can alternatively b e use d i n
Equation 8-15 from Johnson et al. (1990).

k = 10-8r2eu7(4 Patm) exp(B/A + 0.5772) (8-15)

in which k  i s the ai r permeability , cm 2; e  i s the air-fille d soi l porosit y (voi d
fraction); B is the y-intercept of the straight-line curve, g/(cm-sec); A  is the slope,
g/(cm-sec2); r is the radial distance fro m extractio n well, m; |j, is the viscosity o f
air, 1. 8 x 10" 4 g/(cm-sec) ; an d P  i s the ambien t atmospheri c pressure , 1  atm =
1.013 x  10 b g/(cm-sec 2).
permeability decreases.

Note tha t i f the soi l moistur e conten t increases , th e
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Johnson et al. (1990), reprinted by the US EPA (199Id) , provide multiplying factors
for predicting the volumetric air flow rate from Figure 8-3 for variations in extraction
well radius Rw and in the ROI, RI , as given in Table 8-2.

Table 8-2 Multiplyin g factor applied to air rate for extraction wells (US EPA,
1991d, Appendix E).

Rw(in )

2
2
3
4
4

Ri(ft )

25
75
40
40
25

Air Flow Rate
Multiplie r

1.09
0.90
1.08
1.15
1.27

Johnson et al. (1990) note that the predicted air flow rate is not sensitive to changes in
estimated radiu s of influence. Thi s is true for the smaller well radii, as indicated i n
this tabulation fo r the multiplier s corresponding t o the 2-in . an d 4-in . radiu s wel l
sizes. A n example (adapted fro m Appendix  E of the US EPA, 199Id ) using a 4-in.
radius in a medium sand with a 5-ft screened interval for wells placed approximately
42 ft apart (25-ft ROI, so the multiplier is 1.27) is give n in Table 8-3.

Table 8-3 Example of air flow rates (US EPA, 1991d, Appendix E).

Vacuu m =  3.4 f t w.c. ( 3 in .
Hg column )
scfm/ft , Figur e 8-3
scfm wit h 5-ft screen
scfm/well , correcte d
Vacuu m =  13.6 f t w.c . (1 2
in. Hg column )
scfm/ft, Figur e 8-3
scfm wit h 5-ft screen
scfm/well, correcte d

Flow Rate at Indicated Permeabilt y

0.41 at 1  Darcy
2.1 at 1  Darcy

x 1  .27 = 2.6 at 1  Darcy

4.1 at 10 Darcy
20.5 at 10 Darcy
26 at 1  0 Darcy

Flow Rate at Indicated Permeabilt y

1 .3 at 1  Darcy
6.5 at 1  Darcy

x 1.27 = 8. 3 at 1  Darcy

13 at 1 0 Darcy
65 at 10 Darcy
83 at 10 Darcy

In this example, a four-well extraction system with 42-ft wel l spacing would cover an
area greater than 3,500 ft 2 ( 2 x 42 ft x 42 ft) with overlapping circles (25-f t radius) of
influence. A  centrifuga l blowe r capable of extracting air with a vacuum of 3 in. Hg
(plus the capabilit y t o overcome pressure drop s in piping and emission abatemen t
equipment) a t each well should have a rating of approximately 100 scfm (fou r well s
at 2 6 scf m pe r well) . Thi s woul d be a  suitabl e blower selection fo r a  conceptua l
design. Hig h vacuum applications, suc h as the 1 2 in. Hg in this tabulation, would
apply to clayey soils better than to the sandy soil given for this example. Fina l design
and blower selection should be based on test results that would give a narrower range
of permeability values.
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The RO I a t a  give n permeabilit y i s somewha t proportiona l t o vacuu m a t th e
extraction wel l and is best determined fro m fiel d pilo t tests. Johnso n e t al. (1990)
determine an air flow range that will result in extracting 90% of the contaminant mass
during a desired time period.

8.4.3 Volumetri c Air Flow and Contaminant Mass Removal Rate

Bohn (1997) suggests a  flow rate of 16 to 50 m3/hr (10 to 30 ftVmin) per well. Afte r
an initia l extractio n period, higher air flow rates do not increase contaminan t mass
removal rate s (durin g the diffusion-controlle d period) . Excessiv e ai r rate s wast e
energy, requir e oversized vacuum-inducin g and vapor treatment equipment, and dry
the soil.

The initial mass removal rate of contaminants, and the basis for emission abatemen t
equipment design , i s the produc t o f ai r flo w rate , contaminan t concentration , an d
contaminant vapor density, as shown in Equation 8-16.

Rate (Ib/min) = Q (concentration, ppmv/106) d (8-16 )

in which Q is the air flow rate, scfm; and d is the contaminant vapor density, Ib/scf.

Under soil venting conditions, the ideal gas law holds and the air flow rate in scfm i s
equal to the actual measured air flow in ft 3/min multiplie d by (1 atm divided by the
actual absolut e pressure ) time s (th e actua l absolut e temperatur e divide d b y th e
standard temperature). I f vacuum is measured in inches of mercury, 1 atm = 29.92 in.
Hg. Th e absolute pressure is derived from the vacuum reading at which the actual air
flow rate is measured. I f the standard temperature is chosen to be 520° R (60° F), the
density (in units of Ib/scf ) of any vapor component at this standard temperature and 1
atm i s it s molecula r weigh t divide d by 379 . Th e effectiv e molecula r weigh t o f
gasoline i s usuall y i n th e 9 5 t o 11 1 range , wit h th e hig h en d o f th e rang e
corresponding to gasoline that has had time to weather. Durin g this time, the lighter
(lower molecular weight) compounds, such as butanes and isopentane, volatilize, and
the effectiv e molecula r weight gradually increases. A n example of a mass extraction
rate calculation is as follows :

Given: Th e air velocity measured in a 2-in. diameter pipe (pipe cross-sectional area
is 3. 1 in 2, 0.0215 3 ft 2) i s 4 0 ft/sec ; th e vacuu m i s measure d a t 3. 8 in . Hg ; th e
temperature i s measure d a t 55 ° F ; th e benzen e concentratio n i s 4,00 0 ppm v
(benzene's molecular weight is 78 Ib/lb mole); the total petroleum hydrocarbon (TPH)
concentration is 50,000 ppmv.

Assumptions: Gasolin e has weathered somewhat; the effectiv e molecula r weight is
105 Ib/lb mole; and the standard temperature is 520° R.

Find: Mas s extraction rate for benzene and for TPH.

Step 1: Determin e the measured air flow rate in acfm an d corresponding scfm unit s
using Equations 8-19 and 8-20.
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Vacuum = 3.8 in. of Hg (absolute pressure = 29.92 in. - 3.8 in. = 26.1 in. Hg) (8-17 )
Temperature =  55° F (absolute temperature = 460° R + 55° = 515° R) (8-18 )
Actual fWmin = 40 ft/sec (60 sec/min) (0.02153 ft2) - 51.7 acfm (8-19 )
Standard ftVmi n = 51.7 acfm (29.92/26.1) (520/515) - 59.8 scfm (8-20 )

Step 2: Determin e the density of the two contaminants of concern i n this example
using Equations 8-21 and 8-22.

Benzene vapor density - 78/(379 Ib/scf) = 0.206 Ib/scf (8-21 )

TPH (weathered gasoline in this example) vapor density, molecular weight of 105,
= 105/(379 Ib/scf) =  (0.277 Ib/scf) (8-22 )

Step 3: Calculat e the mass rate, scfm (ppmv/106), and the density using Equations 8-
23 and 8-24.

Benzene rate - 59.8 scfm (4,000/106) (0.206 Ib/scf) = 0.049 Ib/min (8-23 )
TPH rate = 59.8 scfm (50,000/106) (0.277 Ib/scf) =  0.83 Ib/min (8-24 )

Note that TPH includes benzene and that the rates are not additive.

At a given air flow rate, the contaminant mass removal rate will decay markedly afte r
the easily removed volatiles in the interstices of the soil particles or that are loosely
bound on soil particle surfaces have been stripped.

Soil gas contaminant concentration levels may be constant for a period of time when
soil ventin g i s initiated. Afte r soi l ga s concentration level s begi n t o decline , th e
decay in mass removal rate can be predicted from Equation 8-25.

M(t) = (M 0-Mf)e- kt + Mf (8-25 )

in which M(t) is the mass removal rate at any time t; M0 is the mass removal rate at
the start of the decline in concentration fro m a  steady level; Mf is the mass removal
rate a t th e en d o f remediation ; t  i s th e tim e afte r th e star t o f th e declin e i n
concentration fro m a  steady level; and k is the decay constant.

Because M 0 is usually much larger than Mf, the Mf terms can be dropped fro m th e
equation. Th e value of k is chosen so that the area of integration under the curve M(t)
(plotted against time) is equal to the total mass to be extracted after the concentration
starts declining. O r k can be evaluated at a known time t from the measured value of
Mo and of M(t), as given by Equation 8-26.

k = loge[Mo/M(t)]/t (8-26 )

In many applications, the concentration sometimes fall s s o low that it is best to stop
the extraction  for a  few weeks an d let the concentration buil d up. Th e extraction
system i s operated intermittentl y fo r a  give n se t o f extractio n wells . Thus , th e
average concentratio n whil e operating th e vacuum-inducing device i s maximized .
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For a  given target mass removal , this mod e of operation uses the leas t amoun t of
energy and optimizes the use of any emission abatement devices. Boh n (1997) notes
that a high rebound in concentration indicates that air flow rates per well have been
excessive.

8.4.4 Ventilatio n Wells

Some of the wells in a soil venting field may be used for ventilation instead of SVE.
There are situations in which some wells are installed for the purpose of admitting air
into the soil. Thre e scenarios in which this is advantageous are as follows:

• Whe n the air flows without ventilation wells are inadequate to achieve cleanup in
a reasonable time using reasonable operating conditions.

" Whe n ventilatio n well s ar e place d o n on e sid e o f th e contaminate d soi l an d
extractio n take s plac e o n th e othe r sid e —  thi s arrangemen t help s ensur e
maximum use of the extracted air for the purpose of vaporizing contaminants.

• Whe n ventilatio n well s ar e place d i n a  ro w perpendicula r to a  lin e betwee n
extraction wells and another source of contamination that is off the property being
remediated.

This arrangement accomplishes the same goal as in the firs t scenario and also helps
guard against cleaning up someone else's property or cross-contaminating th e main
property of concern with differen t contaminants.

8.5 Treatabilit y Studies for Soil Venting

Field pilo t test s ar e a  mus t fo r mos t i n sit u soi l ventin g projects . Laborator y
experiments done by drawing air through a column of undisturbed soil obtained by a
geologist a s a  core sampl e hav e some margina l utility . Th e laboratory test s can
determine the initial organic vapor concentration i n the soil gas under dynamic air
flow conditions; the partitioning that might be achieved — (the ratio of organics that
vaporize t o organic s tha t sta y adsorbe d o n the soi l particles) ; an d th e orde r o f
magnitude o f the soil air permeability. Appendi x B of the EPA treatability studie s
guidance (US EPA, 1991c) recommends an air flow rate of 0.5 to 1.0 L/min through a
2.5-in. diameter soil column. Plot s are made of vapor concentrations versus time and
versus numbe r of pore volumes of air passed throug h the column . Th e pressure s
recorded are plotted as a straight line against the loge of time, and the slope of the line
can be used for estimating the soil air permeability, as discussed in Section 8.4.2.

Field pilot extraction tests are best for determining permeability, initial contaminant
extraction rate , an d well ROI . Som e extraction well s i n the contaminated vados e
zone are needed for field pilot tests. Result s of the testing are used to determine the
best locations fo r additional extraction wells. I f the site has shallow contamination
and i s no t paved , heav y plasti c sheetin g coul d be sprea d o n th e groun d surface ,
extending aeriall y beyon d the boundarie s of the contaminate d area an d weighte d
down at the edges. Fiel d pilot tests are best conducted by extracting fro m one well at
a time, while monitoring vacuum and vapor concentrations versus time. A t the same
time, vacuum readings are taken at surrounding wells or soil probes. Extractio n wells
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should be screened within only one soil stratum at a time. I f remediation of multiple
strata i s needed, then multiple extraction wells must be tested separately durin g the
pilot test runs. Eac h extraction well is tested at three differen t ai r flo w rates, say in
the range of 16 to 50 nrVhr (10 to 30 ftVmin).

A simple setu p fo r a  fiel d pilo t test has been used with a  regenerative centrifuga l
blower creating negative pressure in each extraction test well. Th e blower discharges
soil vapor , whic h i s usuall y more than 90 % air, throug h two 55-gal vapo r phase
activated carbon drums in series. I t is important to monitor the temperature of the air
between th e two drums. I f the ai r temperature rise s above approximately 135 ° F,
adsorption in the second drum will be severely impaired. I n fact , the cooler the air,
the bette r the adsorption, a s long as the relative humidity is less tha n 50%. Tw o
factors tend to cause increased ai r temperatures: hea t of compression i n the blower
raises th e temperature , an d hea t o f adsorption o n carbon raise s th e temperatur e
further.

Soil vapo r ca n have ver y hig h flammabl e vapor concentrations . Th e highe r th e
concentration, the more heating occurs within the carbon bed. Hig h concentrations
can be extremely dangerous, and levels greater than 50,000 ppmv have been observed
during pilo t tests . Th e LE L fo r man y hydrocarbons is i n th e rang e o f 11,00 0 t o
14,000 ppmv range. Th e centrifugal blowe r should be constructed o f nonsparking
materials and should accommodate dilution air so that concentrations are below the
LEL in the extraction system.

An improved soil venting field pilot setup would have the soil vapor is drawn through
a water knockout vessel (mist separator) and carbon vessels ahead of the blower. I f
the vapo r concentratio n i s monitore d between th e carbo n an d th e blowe r an d i f
operations are discontinued whe n breakthrough is attained, s o that the LEL is not
exceeded, a  steel positive displacement blower can be used. Th e vapor extraction
wells ar e usuall y screened onl y i n the vadose zone , whic h i s appropriate unles s
multiphase extraction with a shallow water table is desired. I n that event , a liquid-
ring vacuum pump would be a suitable vacuum-inducing device. Anothe r method of
conducting field pilot tests (for vadose zone extraction only) is to use an ICE.

8.6 Cos t Estimating for Soil Venting

The main capital costs for soil venting systems are for the blower, inlet mist separator
and filter, vapor treatment system, controls, shop assembly, sound-proofing, and field
installation (whic h typicall y migh t includ e a  slab , fencing , soi l vapo r pipin g
connections, an d utilities) . A s a n example , a  complete shop-assembled, skid - o r
trailer-mounted uni t with all the main components including a catalytic oxidizer and
controls costs $50,000 to $70,000 for units rated at 200 to 600 ftVmin . Som e units
can be leased.

Trailer-mounted ICE units are available for purchase or lease. Unit s rated at less than
100 ftVmin cost, in 1995, approximately $40,000 or rent for $3,500/mo. Large r units
range in cost up to $100,000 or $9,000/mo. Extr a costs are entailed to adapt the units
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for us e o f natural gas a s auxiliary fuel , computerize d monitoring accessories, nois e
muffler , an d air pollution control permits.

Two 1991 EPA guidance documents (EPA /540/2-91/003 and EPA/2-91/019A) give
capital cos t range s fo r extractio n well s an d equipmen t an d cost s o f preliminar y
testing. Tabl e 8- 4 summarize s the reporte d 199 1 cost s fo r well s an d equipmen t
(excluding emission abatement equipment).

Table 8-5 gives the reported capital costs and alternative rental costs as of 1989 for
carbon adsorption and catalytic oxidization systems. I n this table, the capital cost for
the ORS Model 1282008 catalytic oxidizer includes additional option features. Th e
term "NA" is used where there is no available cost information. Tabl e 8-3 also gives
electric power requirements for operations. Preliminar y laboratory tests in 1991 cost
$30,000 to $50,000; field pilot tests cost $10,000 to $50,000 for determining soil air
permeability and more than $100,000 for complete pilot tests.

The US EPA (1992d) gives estimated costs for operating vapor treatment equipment.
Use of activated carbon costs approximately $45/kg ($130/gal) of gasoline removed.
Fuel cost fo r catalytic oxidizers i s given a s approximately $400/mo . for each 10 0
ftVmin of air treated using propane fuel priced at $l/gal.

Baker an d Moor e (2000 ) giv e a  compariso n o f cost s fo r soi l venting , therma l
desorption, land farming, and bioventing for projects ranging from 50 0 to 20,000 yd3

of soil remediated.

For thermally enhanced in situ soil venting, DuTeaux (1996) tabulates case histories
as follows:

• $252/yd 3 to $317/yd3 using in situ steam and air stripping of soil via hollow-stem
augers for removal of VOCs and semivolatile organic compounds.

• $15/to n to $30/ton using resistive heating and radio frequency heating combined
for removing fire training and chemical production wastes.

• $63/yd 3 using heated vapo r reinjectio n with vapor phase carbo n adsorption fo r
removing PCE, TCE, chloroform, and methylene chloride.

An importan t paramete r i n an y remediatio n cos t analysi s i s th e lif e cycl e o f th e
operations. Th e lif e cycl e of soil ventin g systems cannot b e predicted accurately .
Changes in the groundwater table elevation and infiltration from rain water can affec t
concentrations. Excep t when dealing with water-soluble volatil e organics, suc h a s
acetone, some soil moisture helps in the desirable desorption of contaminants into the
vapor phase . To o muc h moisture ca n undesirably decreas e soi l ai r permeability ,
however. Optimu m usage of blower energy is usually achieved by ceasing extraction
from a  particula r grou p o f well s fo r a  fe w week s a t a  tim e s o tha t deplete d
concentrations ar e allowed to be restored naturally . Factor s suc h as changin g soil
water content an d on-of f operation s affec t th e overal l length of time to remediate a
given site.
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