GEOTECH

- CONSULTANTS, INC.

13256 N.E. 20th St. (Northup Way), Suite 16
Bellevue, WA 98005

(206) 747-5618

(206) 343-7959

July 30, 1991
JN 1056

ARCO Petroleum Products
P.0. Box 2570
Los Angeles, california 90051-0570

Attention: Brad Jones

Subject: Proposed Vapor Extraction System and Cost Estimate
Proposed AM/PM Mini-Market
6th Street at Naval Avenue
Bremerton, Washington

Dear Mr. Jones:

In response to our discussions with vyou, Geotech
Consultants, Inc. has conducted a feasibility study for
constructing a vapor extraction system to remove petroleum
contaminants Ffrom the site of a proposed ARCO AM/PM Mini-
Market  to be Jlocated at 6th Street at Naval Avenue in
Bremerton, Washington.

As indicated in our report entitled "Preliminary Hydrocarbon
Evaluation, Proposed AM/PM Mini-Market," there appear to be
three stratified "zones” in which residual hydrocarbon
concentrations are present. These hydrocarbon c¢oncentra-
tions are due to former underground storage tanks which have
been removed. Attached to this letter is a sketch illustra-
ting our estimation of the geologic section at the AM/PM
site and indicating areas of hydrocarbon concentrations.
This sketch is taken from our letter dated April 17, 1991 to
Brad Lindskog with ARCO Petroleum Products. Plate 2, also
from an attachment to that letter, illustrates the locations
of the site explorations and interpretive zones of contamin-
ation. As shown on this drawing, the petroleum contamina-
tion 1is in the northeast corner of the site. Hydrocarbon
concentrations were measured in three of the borings,
including B-1, B-2, and B-3. The depth of contaminated
soils ranged from 10 feet in B-2 to 30 feet in B-1. We
estimate that the amount of contamination 1is relatively
small and the depth of groundwater is estimated to be over
150 feet. We concluded 1n our preliminary report that it is
unlikely groundwater has been exposed to contamination as a
: result of activities on the subject property.
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Proposed Vapor Extraction System

The proposed system consists of two air inlet wells, two

vapor extraction wells, gatherlng lines, and vapor
extraction unit equipment. An industrial blower is used to
pull a vacuum in the soil Eores through the extraction well.

Air is provided at atmospheric pressure through air inlet
.wells. The air, being at atmospheric pressure, flows
underground due to the pressure differential in the soil,

created by the extraction wells. The air flow rate through

the underground soil depends on soil permeability, the
distance from the air inlet wells to the extraction wells,
and the vacuum developed by the blower. Using the Darcy
flow equation with a combination of a linear and radial flow
system for the process, the air flow rate through the soil,

using a blower that would develop a maximum vacuum of 4. 3
inches of mercury and a maximum flow of 127 standard cubic
feet per minute (SCFM), was determined to be 2.8 SCFM. This
would result in d1sp1ac1ng one pore volume of the area 1in
approximately 4 days. |If the soil has a higher permeability
than that using the flow equation of 100 milliDarcys, the
time to displace one pore volume of the contaminant area
would be less, The calculated time of operation for the
vapor extraction process, if the hydrocarbon contamination
exists in the vapor phase and if the soil permeability is
100 ‘millibDarcys with the recommended system, would be
approximately 35 days. However, we anticipate that the
Ystem will need to be in operatton at least three months,

Plate 3 shows a schematic of the vapor extraction system,

and the locations of the wells are illustrated on Plate 4.

. . F Fl ; 11 h £l il

"~ The air flow pattern for the vapor extraction process is
shown on Plates 5 and 6. The idealized geologic cross
section of the site showing the area of 'hydrocarbon
contamination in relation to the inlet and extraction wells
is shown on Plate 7. The well pattern consists of an air
inlet well equidistant on each side of two extraction wells.

Each inlet well 1is a distance of 40 feet from the two
extraction wells. The extraction wells are approximately
10.5 feet apart. The inlet and extraction wells are
positioned so that the air can effectively sweep the
hydrocarbon vapor toward the extraction wells or to the

GEOTECH CONSULTANTS, INC.
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center of the pattern. A rectangular area enclosing the
_flow pattern is considered to. be the air circulation area
for the inlet and ‘extraction wells. Based on the

rectangular area of 31 feet x 80 feet and a formation
thickness of 25 feet, the bulk volume was determined to be
62,000 cubic feet. Using a 25% porosity for the zones, the
pore volume was calculated to be 15,500 cubic feet.

Plate 5 also shows the location and areal extent of the
hydrocarbon contamination in relation to the flow pattern.
The air flow rate through the soil was determined using the
Darcy equation for steady state flow. The rate for a
quarter of the rectangular flow pattern (Plate 6) was
?prox1mated by using linear and radial flow in series. The
flow rate was scaled to include the entire flow pattern area
by combining the flow rates for all four sections. The flow
equation will determine the air flow rate through the volume
of the soil in the flow pattern for a given applied vacuum.
A blower that can provide the vacuum and flow rate is then
selected from the blower performance curves. The blower
performance curve (see Appendix B) shows the vacuum in
inches of mercury the blower will provide at a particular
?ucti?n air flow rate in standard cubic feet per minute
SCFM

The higher the rate of displaceable pore volumes through the
contaminated area in a given time period, the shorter the
operational time for the vapor extraction system. ‘ :

In the Darcy flow equation, two flow rates were calculated
using soil permeab111t1es of 100 milliparcys and 500
milliDarcys. The two permeabilities are considered to be
high and the 100 milliDarcy permeability is probably the
most representative of the soil. A blower was selected from
the blower performance curves for the part1cular vacuum and
flow rate at which it would operate. Using a blower that
would develop & maximum vacuum of 4.3 inches of mercury with
a maximum air suction flow rate of 127 SCFM (no 1load), the
air flow rate through the soil, calculated from the Darcy
flow equation, at 100 m1]l1Darcys and 500 milliDarcys, was
2.8 SCFM and 14 SCFM, respectively. With the air flow rate
through the soil caiculated and knowing the pore volume of
the flow pattern, the time required to displace one pore
volume of the contaminated area was calculated. The time
for displacing one pore volume using the soil permeabilities
of 100 milliDarcys and 500 m1111Darcys was calculated to be
3.8 days and 18.5 hours, respectively. These times are only
an approximation because the areal or vertical sweep

GEOTECH CONSULTANTS, I[NC.
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efficiencies are not known, Since the sands are
homogeneous, the vertical and. areal sweep: efficiencies
should be h19h The time period required for displacing a

pore volume of the contaminated area is considered short.

Calculations were also performed te determine the time
period the vapor extraction system would be 1in operation.

in the Preliminary Hydrocarbon Evaluation report we prepared
dated April 9, 1991, the concentration of the hydrocarbon
vapors were shown for the different areas and depths of the

site. From the lab analysis of the soil, it was: reparted
that no staining was observed on the samples of contaminated
soils. It would be reasonable to believe that 'the

hydrocarbon contamination. is in a vapor which has saturated
the soil pore space and that there is no liquid present in
the pore space. From the pore volume of the contaminated
. soil and the concentration of the hydrocarbon vapor in the
pore space, the pounds of hydrocarbon were calculated in
Appendix A. It was determined that - if the hydrocarbon
contamination is in a single phase (i.e. a vapor) then the
total hydrocarbon contamination is calculated to be 0.11
pound. After the vapor extraction system is in operation,
assuming the result of monitoring the air flow on the
suction side of the blower shows the flow rate of 2.8 SCFM
and the 10 parts per million (ppm) concentration of
hydrocarbon 1in the air stream, then the operation time to
remove the 0.11 pound of hydrocarbon would take
approximately 35 days. The calculations are shown in
Appendix A.

. .
We considered using driven vapor probas to . monitor the
performance of the extraction system.  However, it may prove
difficult to penetrate the soil with vapor probes because of
rocks in the dense soil. Therefore, we propose to monitor
the concentration of vapors from the outlet of the blower
using a TIP organic vapor meter. Changes in the hydrocarbon
vapor concentrations could then be measured to detect a
decrease in contaminants. The TIP meter also could be used
to monitor air in the wells after the system has been shut
down. Final verification of the effectiveness.of the system
and the cleanup effort could be done by additional soil
sampling. The cost of soil borings and sampling' is not
included in the vapor extraction system cost estimate.

GEOTECH CONSULTANTS, - INC.
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Cost E£stimate
The cost of installing the system has been est1mated to be
A complete listing of unit costs is attached to
this report as Table A. For this estimate, we have assumed
‘that ARCO subcontractors will supply a 220 wvolt, 20 amp
underground circuit from the service bu11d1ng to the
electrical panel of the vapor extraction unit. We have also
assumed that this contractor would excavate and backfill the
trenches for the installation of the piping equipment.
Further, we recommend for aesthetic purposes, that a
temporary cedar fence be constructed around the system. We
have not included the cost for the fencing in our estimate.

The vapor extraction unit would be a system manufactured by
Environmental ., instruments, Inc., Model EI(454XP,” which
consists of an E G & G Roton regenerative direct drive
blower with maximum flow rate of 127 SCFM and a maximum

vacuum of 4.3 inches of mercury. It is equipped with a 1.5
horsepaower explosion-proof electric motor and starter. This
motor operates at 230 volts, single-phase at 9 amps. This .
unit is equipped with an in-line centrifugal separator with
automatic dump valve, air dilution control valve,
particulate filter and vacuum gages on the inlet and outlet
of the blower. This unit has dimensions of 30 inches by 18

inches by 2.5 feet in height.
Geotech Consultants, Inc. would be pleased to work with ARCO

in procuring, designing, installing and monitoring this
vapor extraction facility. The work may easily be performed

GEOTECH CONSULTANTS, INC.



ARCO Petroleum Products : JN 1056

July 30, 1991

Page 6

under our ex1st1ng annual services contract with ARCO which
includes work of this nature. |If there are any questions or
if we can be of further service, please contact us.

Attachments:

Sincerely,

GEOTECH CONSULTANTS, INC.

s £ 24, 7%

Richard Phillips
Petroleum/Environmental
Engineer

125 B S

Don W. Spencer, M.Sc.
Vice President
Environmental Services

Table A Cost Estimate

Plate 1 Draft. Interpretive Geologic Section
Plate 2 Site Exploration Plan

Plate 3 Vapor Extraction System Schematic
Plate 4 Vapor Extraction Well Locations
Plates 5, 6 Air Flow Patterns

Plate 7 - Idealized Geologic Cross-Section

Appendix A Design calculations
Appendix B Regenerative Blower Performance
curves

GEOTECH CONSULTANTS, INC.
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EXTRACTION '
WELL #1 TEE OPEN ENDED 1.6 HP ELECTRIC
- 8’EXHAUST PIPE MOTOR DRIVING A
\\:__llazesusm\ms BLOWER
. . WITH MAX FLOW OF
127 SCFPM+VACUUM
- OF 4.3° MERCURY
CENTRIFUG INLET
SEPARATOR  VAoUuM
"\ AR o
DILUTION
: VALVE
EXTRACTION | E.l_ jﬂf
WELL #2
AUTOMATIC — INLINE
DUMP VALVE FILTER
2.56°BALL OUTLET
VALVE HOSE mﬁggu
! ‘ L2 METAL
2.5 PVC CONTAINER
SCHD 40 PIPE
L VAPOR EXTRACTION
SYSTEM SCHEMATIC
é)‘ GEOTECH AM/PM MINI-MARKET
i CONSULTANTS 6th STREET AT NAVAL AVE
4\ BREMERTON, WASHINGTON
‘1 _d‘mm— b Mo, Date: Fiote:
i 10566 AUG 1991 N.T.S. 3
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@ APPROXIMATE EXTRAGTION WELL LOCATIONS

i} GEOTECH
i CONSULTANTS

AIR FLOW PATTERN FOR
VAPOR EXTRACTION PROCESS

AM/PM MINI-MARKET

6th STREET AT NAVAL AVE
BREMERTON, WASHINGTON

ob No,:
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Appendix A
Design Calculations

Calculation of flow rate through soil using Environmental
Instruments, Inc. blower system E[454XP and a soil
permeabll1ty of 100 milliDarcys

Max. vacuum on blower = 4,3 inches of mercury.
Max. flow = 127 SCFM _
M. psia - H3 in x .7 psia = 12 SS9 psia ¥ 12.6 psia
21.92 in.Mmyq '

Darcy flow equation with a combination of linear and radial
flow systems in series for steady state conditions for 1/4
of the flow pattern area: T2 ) (I"/r-)
A 2N _ Te2z2mML 24mM g n,e/¥uw

(P."— P,_)r %"—I;_—“‘T‘ ¥ "3—o.ns K

wWhere: G = MCF/day, flow rate.

A = area of flow in feet, h ='25 feet;
- wWw=15.5 feet
|I5.5 x 25 = 367.5 s $#t*

Te = formation temperature in‘R=(°F+ "“‘o)-
(60" + Hwd) = S20°R

Z = compressibility factor of gas; at soil flow
conditions Z = 1.0.

M= viscosity of gas in cent1po1 se: viscosity of
the air at standard condition = 0.009.

v = feet, well radius, 2in. /12 = O.|LbL7 ft

'Fo = feet, external radius, S-S Ft

~
i

permeability of soil, K is in Darcys,
100 milliDarcys = 0. 100 Darcys.

fln v
]

psia at air inlet well = 14.7 psia.

P = psia at extraction well = 12.6 psia.

L = feet of length between an air inlet well and
cfaxtractmn well external radius (ve) = 34.8B35
eet

o (520) (15) (0.009)(34 8353
Ta n2) (3@1.86) (o-lon) -
€24,) (0.008) (526) C10) \n (56154 ue)
(677103) (0400) (29)

(l"l.?z > b‘) =

GEOTECH CONSULTANTS, INC.



APPENDIX A CONTINUED

4 = 1.02 McF/day = 1020 SCF/day
1020 SCF/day/1440 = 0.708 2 0.71 SCF/minute

Entire flow area rate = 4(0.71 SCFM) = 2.8 SCFM.

Now, check blower performance curve to determine if the
blower 1is capable of the 2.8 SCFM air flow at the vacuum
used in the Darcy flow equation. After checking blower
performance curve there would be no problem with the blower
providing this flow rate at the vacuum used in . the flow
equation.

Calculation of flow rate through soil using Environmental
Instruments, Inc. blower system EI454XP and a soil
permeability of 500 milliDarcys.
Max. vacuum on blower = 4.3 inches Mercury
Max. flow = 127 SCFM
29.12. ih, My

Using the Darcy flow equation with a combination of linear
and radial flow systems in series for steady state -
conditions for 1/4 of entire air flow pattern area:

R'-R*)= 4% 2yMT 2 ln (njry) |
(. P‘ ) Hig% ¥ ’ ] = l:.. ™ " ( s.‘-lgl )
(M7* -12.8)2(3) (520) cu? (.o-ooa% (su.835) . (24 (0:009) (520) (10) (in b - YetT

) ) (o)) (387.6) (0.900 ¥ {o-103) {o:500) T35)

9= 5.09 MCF/day = 5090 ScF/day
5090 SCF/day/1440 = 3.5 SCFM

Entire.flow area pattern rate = 4(3.5) = 14 SCFM.

Now, check blower performance curve to determine if the
blower 1is capable of providing the 14 SCFM air flow at the
vacuum used in the Darcy flow equation. Blower is okay.

calculation of bulk voiume of entire air flow pattern:
Assume porosity of soil = 0.25. _ '
Area of entire air flow pattern = 31 feet x 25 feet
= 775 feet™: length = 80 feet. 3
Bulk volume = 31 feet x 25 feet x 80 = 62,000 ft

GEOTECH CONSULTANTS, ‘INC.



APPENDIX A CONTINUED

Pore volume of entire air flow pattern = 3
3 fE x 26 ft x Boft X 0.26 = 15,500 ft

Time required to displace one pore volume of entire air flow
pattern for soil permeabilities of 100 and 500 milliDarcys:

100 millic )

= 2.8 SCFM .
15,500 4¢3 /2.8 SCFm v 5, S3k minvtes
5,536 wminvtes /iuMo = 3.8 days

Sgn l]]l: l]
o =_14 SCFM
15,500 €% / 14 5eFm = 1,107 winutes
1,007 minvtes / iHyo = ©.8 days ov (B.S heuors

Time required for removal of vapor at ARCO Mini-Market site:

Zone A: Assume porosity of 25%. 50 c-u:‘llc yards of contuminated sol.
Pore Vol. = Q0% 228 = 22.5 cuble yaius 3
©22.5 cveic yavds X 27 Ft3/ 43 = o1& fe

There is 1200 ppm hydrocarbon vapor. in soil.
1200 ppna % 29 1b3 /mele ofair- % 10 = 0/ 0BHB ks of hylrocarbons ""oz.ga?g
60152 x 2.0340 lus hydrocavbon VARV _ ., coe (ks of Wydrbcarbens 11
aso ¥tI aivr _ soil " af 2one

Zone B: Assume porosity of 25%. 170 wwic yards of comtaminated seil .
Pove Vol = F\"lo c.ublc.qu A 0.2F = 42.5 cubic yavds

4 2.5 cobic yards x 27 A3 /42 = 1, M7.5 Fd
There is 310 ppm Hydrocarbon vapor in soil. £
316 pom X 29 WSfute falv X 16¥ = 0.009 lbs oF hydvoarbons per Ko

1,476 f3 % 0.009 lus WAVBLaIvbenS _ 4 009 s of hydrocairbons t
369 €I aiv s0il of 2eme B

Zone C: Assume porosity of 25%. 90 cvkic yards of contaminated soil.
Pove Vol. = 90 cubic yards X 0.26 o 22.5 cubic yavds
22 .5 cobie yards x 27 4¢3/ 437 Go7.5 FO

GEOTECH CONSULTANTS, INC.



APPENDIX A CONTINUED

There is 520 ppm hydrocarbon vapor in soil. 359 &7
520 ppm X 29 1%t/ mole sfalr x T oo\s| lbs o, ""ydr“'avb‘“s ?4':' ate

359 3 aiv ' i Soil of Zone

Total hydrocarbons = 0.114 pounds

Flow rate for entire air flow pattern area with. a soitl
permeability of 100 milliDarcys = 2.8 SCFM

2.8 ScPwm x IHHO wminvtkes/day 2 4,032 SCF [/ day
Assume the concentration of hydrocarbons in the vapor
extraction air stream is 10 ppm.

1o ppm % 29 1b3/mate of aive X 16 = 0.0003 lbs hydvotarlomms

O N‘—E 389 “F‘tJ
00003 ks h D2 v \ocy of alvr
35 ﬁjaa“, ns % '-I,qaz SdFIda5 2 S.0o 33 lbs pev day af
hydrocarbona ‘taayr Wi Vapovr
Time Required for Vapor Extraction ProfESgetien vnir!s ereduci™
Teral Wwydvocavioas at site = oMU |es = 35 days 4o extrract
©:0033 \byda_\j hWydrocarions from
Site,

Weymouth Gas Flow Equation used to size piping from
extraction wellhead to vapor extractioq unit.
Qs =433 .45 T y g>%? (n‘- P.") /2
Ps LsT

where Qs= flow rate of gas in cubic feet/day at standard
condition.

= flow rate for entire air flow pattern at soil
permeability of 500 md = 14 SFCM x 1440 min/day
20,160 SCF/day.

d = inside diameter of pipe in inches.

2.02-inch pipe diameter of 2-inch schd 40 pvc.

v
I

initial pressure in psia.

= ?

GEOTECH CONSULTANTS, INC.



APPENDIX A CONTINUED

¥, = terminal preésure in psia.

12.6 psia = 4.3 in Mercury.

L = length of line in miles.

25 feet of pipe = 0.0047 miles.
S = gpecific gravity of flowing gas air = 1.0.

absolute temperature of flowing gas (‘fF + 4He0)
540°R .

i

Ts= standard absolute temperature = 540'%

Ps = standard absolute pressure in pounds/square
inch = 14.7 psia. : :

Pressure drop is negligible, however manufacturer recommends
using next pipe size larger than flanges on blower = 2 inch,
therefore go to 2.5-inch pipe.

GEOTECH CONSULTANTS, INC.



DR 454 _
Regenerative Blower

.

APPMJ;:( B

it

FEATURES

* Manufactured in the USA

* Maximum flow 127 SCFM

* Maximum pressure 65" WG

¢ Maximum vacuum 4.3° Hg

¢ 1.5 HP standard

* Blower construction—cast aluminum housing,
impeller and cover

* Inlet and outlet internal muffiing

« Noise [avel within OSHA atandards

» Weight: 73 Ibs. (33 Kg)

ACCESSORIES

» External muffiers
= Slip-on flanges

= [niat and/ar Inline tiltars

= For details see Accessorias Section

OPTIONS '
+ Smaller horsepower motors
+ 575-volt and XP mators
¢ Surface treatment or plating
* Single or three phase motors
¢ Gas tignt sealing
¢ Belt drive (motoriess) madel: for delall
see Remote Drive Section
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