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1.0 INTRODUCTION

A dual phase vacuum extraction and bioventing pilot test was conducted by SECOR International
Incorporated (SECOR) at the former Columbia Marine Lines (Crowley) Facility, located at 6305 Lower
River Road in Vancouver, Washington. The site is located immediately north of the Columbia River and
approximately 3 miles west of the city of Vancouver, as shown on Figure 1. The site is relatively flat,
with the highest point lying at an approximate elevation of 32 feet above mean sea level. Two settling
ponds operated by Vanalco, formerly operated by ALCOA, occupy a portion of the site to the northwest.

The test was conducted during the weeks of February 11, February 18 and February 25, 2000 on the
shallow sandy fill material in the vicinity of the former west pond. The former pond was historically used
to store barge slops. The barge slops were removed in January 1984 and the pits were filled with dredge
sand. The goal of the pilot test was to evaluate the following characteristics of the pilot system:

Rate of biorespiration,

Soil vapor flow rate versus applied vacuum,
Radius of vacuum influence, and
Groundwater recovery rate.

Details of the procedures and results of the pilot tests are discussed in this document.
2.0 DUAL PHASE EXTRACTION AND BIORESPIRATION PILOT TEST

The dual phase extraction and bioventing pilot test consisted of three separate test runs at two different
extraction well locations. The first and second runs were conducted from February 2 through
February 9, 2000 and from February 10 through February 17, 2000 on well MW-7. The third run was
conducted from February 18 through February 23, 2000 on well EX-2. The test objectives, procedures,
and results are presented below.

2.1 PILOT TEST OBJECTIVES

The objective of the pilot test was to evaluate the following site-specific parameters for full-scale
remediation system design:

® Rate of Biorespiration: This was the main objective of the pilot testing. The rate of
biorespiration was evaluated by monitoring the rate of decline of oxygen levels in wells MW-1,
MW-8, MW-18, MW-19 and the two temporary point wells after shutdown of the extraction
blower. The rate of oxygen decline is an indicator of the amount of oxygen used by microbial
biodegradation of subsurface hydrocarbons, and can be used to estimate the rate of that microbial
biodegradation.

e Soil Vapor Extraction Flow Rate Versus Applied Vacuum: The flow rate of vapors drawn from
the extraction well was determined from air velocity measurements at the point of vacuum
dilution and at the exhaust stack and compared to vacuum readings collected during the test.

® Radius of Influence: The radius of vacuum influence was evaluated by measuring the induced
subsurface vacuum on wells MW-1, MW-8, MW-18, MW-19 and two temporary point wells and
by tracking increases in oxygen levels in the monitoring wells.
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e  Groundwater Recovery Rate: The total volume of groundwater extracted during each run was
monitored to evaluate an average and maximum expected groundwater production rate.

2.2  PILOT TEST WELL INSTALLATION

Monitoring well MW-7 was installed on November 2, 1983 by Geoengineers Incorporated. It was
installed to a total depth of 20 feet below ground surface (bgs) with a screened interval of 3 to 18 feet bgs.
Extraction well EX-2 was installed on February 3, 1996 by SECOR. It was installed to a total depth of
30 feet bgs and is screened from 5 to 30 feet bgs. The locations of both wells are shown in Figure 2.
Boring logs and well construction diagrams are included in Appendix A.

Four 1-% inch diameter temporary point wells for monitoring the effect of extraction at MW-7 were
installed on January 5, 2000 by SECOR. Two points were installed at a distance of 15 feet from MW-7
(P-1S and P-1D), and two were installed at a distance of 30 feet from extraction well MW-7 (P-2S and
P-2D), as shown on Figure 2. At each distance, one point was set to a depth of 5 feet bgs, with a screened
interval of 3 to 5 feet bgs, and the other point was set at a depth of 9 feet bgs, with a screened interval of 7
to 9 feet bgs. The lateral distance between each of the two points in a set was approximately 1 foot.

On February 18, 2000, the four temporary points were removed and reinstalled near EX-2. Two points
were installed approximately 20 feet from EX-2 (P-3S and P-3D) and two were installed approximately
30 feet from EX-2 (P-4S and P-4D), as shown on Figure 2. P3-S and P-4S were installed with a screened
interval from 3 feet to 5 feet bgs, and P-3D and P-4D were installed with a screened interval from 7 feet
to 9 feet bgs. The lateral distance between each of the two points in a set was approximately 1 foot.

2.3 PILOT TEST APARATUS

The SVE/Bioventing pilot test apparatus included a wellhead and extraction stinger, moisture separation
drum, vacuum blower, oil/water separation tank, liquid phase carbon drum filter, and connecting hose and
fittings. Figure 3 illustrates the pilot test apparatus set up.

Vapor and water were extracted from the test well through a drop tube, called a stinger. The well stinger
was a 1-inch diameter flexible polyvinyl chloride (PVC) hose that was inserted into the well through a
4-inch diameter well seal. The well seal was adapted to connect to the 2-inch well with bushings and a
section of 4-inch PVC pipe. The well seal was equipped with a sample port and an air inlet valve that
could be used to allow air into the well casing, facilitating water removal in case the soil provided less air
flow than expected. The depth to the bottom of the stinger was adjustable so that it could be set at the
groundwater level. When the blower was operated, it drew soil vapor into the stinger. Groundwater and
petroleum fluids were extracted by entrainment into the high velocity soil vapor stream.

The 1-inch diameter hose was connected to a 2-inch diameter hose that was connected to a modified 55-
gallon drum used as a moisture separation tank. Airflow was directed into the modified drum through a
tangential inlet which directed air flow around the inner walls of the drum, enhancing moisture
separation. To allow adjustment of the amount of vacuum at the bottom of the stinger, the drum was
equipped with an air dilution valve. Groundwater that accumulated in the moisture separator was pumped
to an oil/water separation drum by a “-horsepower (hp) submersible sump pump installed in the moisture
separator drum. The submersible pump operated on 110-V power supplied from a duplex outlet at the
electrical panel.

Vacuum was supplied by a Sutorbilt 3ML, 5 hp, explosion-proof vacuum blower. This model blower is
capable of supplying a maximum flow rate of 117 cubic feet per minute (cfm) and a maximum vacuum of
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12 inches of mercury (” Hg). The blower operated on 230-V single phase power, and it was wired to an
electrical panel by a licensed electrician. Manufacturer’s literature for the blower is included in
Appendix B. Exhaust from the blower was discharged to the atmosphere through a 5-foot tall, 2-inch
diameter, schedule 40 PVC discharge stack. A Y:-inch threaded port in the stack was used for measuring
air flow using a hot wire anemometer and as a sample port.

Water pumped out of the moisture separator drum was discharged into a 55-gallon drum modified to act
as an oil/water separator. The drum was elevated so that it would discharge through a submerged drop
tube into an existing approximately 1000-gallon oil/water separation tank (See Figure 4). During the test,
the 1000-gallon tank was filled, and water discharged from the tank through a 2-inch discharge line to a
55-pallon drum of activated carbon. Water discharged from the carbon drum into an existing infiltration
trench. The trench location is shown on Figure 2. The trench design is shown on Figure 5.

2.4 SVE / BIORESPIRATION PILOT TEST PROCEDURES
2.4.1 Background Vacuum and Oxygen Content Monitoring

Background vacuum and oxygen levels were monitored on the morning of February 1, 2000,
prior to beginning pilot test Run One that afternoon. Vacuum and oxygen content measurements
were made at P-1D, P-1S, P-2D, P-2S, MW-1, MW-8, MW-18 and MW-19. Oxygen was nearly
entirely depleted at MW-19 (4.4% oxygen). It was also depleted in MW-8 (17.7% oxygen) and
P-20 (19.8% oxygen). Oxygen levels were near atmospheric levels at the remaining wells.
Table 1 presents these results.

In order to collect these measurements, the monitoring wells were capped, and a 3/8-inch
diameter clear, flexible PVC tube was threaded through a hole in each cap and sealed. For the
monitoring wells, the hose length was set so that the open, bottom end of the hose was located at
a depth of approximately 1 foot above the static groundwater level. For the 1-inch monitoring
points, the hose was set so that the open, bottom end was set at the middle of the screened
interval. Hose clamps were used to seal the tubes when measurements were not being taken.

To measure subsurface vacuum, Magnahellic vacuum gauges with a sensitivity of 0.1 fo
10 inches of water were connected to the flexible PVC tubing. To measure oxygen in the soil
vapors intersected by the well screen, a Gastech Genesis Portable LEL/oxygen Meter with an
internal air-draw pump was connected to the flexible PVC tubing.

2.4.2 Dual Phase Extraction Test

The dual phase extraction test consisted of three runs. Run One and Run Two were conducted on
MW-7. Run Three was conducted on EX-2. Monitoring well vacuum and oxygen measurements
collected while the blower was operating during the pilot test runs are presented in Table 2.
Vacuum and flow rate data are presented in Table 3. These results are summarized and discussed
in Section 3.2.

Run One of the dual phase extraction test began at 2:10 p.m. on February 2, 2000. The air
dilution valve on the moisture separator was adjusted so that the vacuum at the moisture separator
was 5” Hg. Induced vacuum and oxygen levels in the subsurface soil were monitored in each
well every 15 minutes for the first hour and then every half-hour thereafter for approximately two
hours. Air flow rates were monitored using a hot-wire anemometer to measure air velocity in the
discharge stack and at the inlet to the dilution valve every 30 minutes for the first hour.
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Measurements were also collected after 18 hours of operation. Field log sheets are included in
Appendix D.

Run Two of the dual phase extraction test began at 3:55 p.m. on February 14, 2000. The air
dilution valve was adjusted to produce a vacuum of 5” Hg at the moisture separator.

Run Three of the dual phase extraction test began ai 3:40 p.m. on February 17, 2000. The air
dilution valve was adjusted to produce a vacuum of 5 ” Hg at the moisture separator.

During the pilot test, the depth of the bottom of the stinger in the extraction well was adjusted
periodically to enhance groundwater removal. As the stinger was lowered to the water table,
water droplets were entrained in the high velocity air stream entering the stinger and pulled into
the moisture separator. The 1-inch diameter hose was translucent, and during the test, liquids
could be observed in the hose. As water was removed from the well casing, the water table
depressed, and the stinger was again lowered, driving the water level in the casing and the well
back downwards. The goal of depressing the water table was to enhance recovery of free phase
hydrocarbons floating on top of the water table. By depressing the water table, water and
hydrocarbons in the surrounding soil are induced to flow towards the well into the cone of
depression.

Over the course of the three runs, the stinger was gradually lowered to a depth of 5 feet below the
static water level. With the vacuum applied to well MW-7, the maximum flow rate over a period
of 30 hours was 50.9 gallons per hour (gph). The total flow over the 16 day period was
1,940 gallons. With the vacuum applied on well EX-2 the maximum flow rate over a period of
22 hours was 26.8 gph. The total flow over the 6 day period was 1,408 gallons.

2.4.3 In-Situ Biorespiration Monitoring

In-situ biorespiration monitoring was conducted after each pilot test run. For the test, oxygen
levels were measured in the four monitoring wells and four point wells over time.

2.4.3.1 Biorespiration Monitoring for Runs on MW-7

Run One on MW-7 began on February 9, 2000 at 9:25 a.m. The blower was shut off and
MW-1, MW-7, MW-8, MW-18, MW-19, P-1D, P-18, P-2D, and P-2S were monitored
for oxygen content. Measurements were taken every 15 minutes for the first hour and
every half-hour thereafter for another 3 hours. The oxygen meter was then set up on well
MW-8 to take measurements every 15 minutes and log the data internally. Data was
collected by the internal datalogger for approximately 3.5 more hours. Oxygen
measurements are presented in Table 4, and they are summarized and discussed in
Section 3.3 and 3.4.

Run Two on MW-7 began on February 17, 2000 at 11:15 a.m. The blower was shut off
and the oxygen meter was set up on well MW-8 to take measurements every 1 minute.
Well MW-8 showed the greatest response during Run One and was used during Run Two
to confirm those results. Data was collected during Run Two for approximately 4 hours,
at which time the oxygen level in the well was no longer declining rapidly. Oxygen
measurements are presented in Table 5, and they are summarized and discussed in
Section 3.3 and 3.4.
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2.4.3.2 Biorespiration Monitoring for the Run on EX-2

Run Three on well EX-2 began on February 23, 2000 at 3:05 p.m. The blower was shut
off and the oxygen content was measured in wells MW-1, MW-7, MW-8, MW-18 and
MW-19, as well as the point wells P-3D, P-3S, P-4D and P-4S. Measurements were
taken every 15 to 20 minutes for 1%z hours. The oxygen meter was then set up on the
point well P-3D to take measurements every 1 minute and log the data internally. Data
was collected by the internal datalogger for approximately 7 more hours. Oxygen
measurements are presented in Table 6, and they are summarized and discussed in
Section 3.3 and 3.4.

3.0 PILOT TEST RESULTS
This section discusses the results of the pilot test. Conclusions are presented in Section 4.0 of this report.
3.1 VACUUM VERSUS FLOW RATE

Vacuum versus flow rate data is presented in Table 3. Due to the high permeability of the soils, the flow
rate was high, but relatively high vacuum levels were still achievable. The vacuum at extraction well
MW-7 ranged from 4.0 to 5.5” Hg at flow rates of 19 and 43 scfm, respectively. The vacuum at
extraction well EX-2 ranged from 5.0 to 5.5” Hg.

3.2 VACUUM RADIUS OF INFLUENCE

During Run One and Run Two, the highest induced vacuum was measured at P-2D (average 4” H,0).
P-2D is located approximately 30 feet from MW-7. Induced vacuums of 0.12 and 0.66 in. H,O were
measured at wells P-18 and P-1D which are located 15 feet from MW-7. No induced vacuum was
measured at wells P-28, MW-1, MW-8, MW-18, and MW-19. P-2S was a shallow monitoring point, 30
feet away from the extraction well. The other four wells ranged from 55 to 154 feet from the extraction
well.

During Run Three, the highest induced vacuum was measured at P-3D. P-3D is located approximately 20
feet from EX-2. An induced vacuum of 0.01 was measured at well P-4D, which is located 30 feet from
EX-2. No induced vacuum was measured at wells P-3S, P-4S, MW-1, MW-7, MW-8, MW-18 and
MW-19. P-3S and P-4S were shallow monitoring points 20 and 30 feet away from the extraction well
respectively. MW-7 was 19 feet away. The other four wells ranged from 67 to 135 feet from the
extraction well.

The vapor extraction radius of influence was determined for the wells where influence was observed by
plotting the normalized vacuum at each monitoring point versus its distance from the extraction well (see
Figure 6). The normalized vacuum was obtained by dividing the induced vacuum observed at the
monitoring point by the vacuum at the extraction well. The normalized vacuum is plotted versus distance
on Figure 6. To determine the radius of influence, i.e., the distance at which 1% vacuum is observed, a
straight line is drawn on Figure 6 from 0,1 (zero distance, 100% vacuum) to the normalized vacuum
point, The radius of influence is the distance at which the normalized vacuum is 0.01. From experience
with standard soil vapors extraction systems, the system is considered to have influence in a monitoring
location if the observed induced vacuum is equal to 1 percent of the extraction vacuum. Normalized
vacuum data indicate an effective radius of influence ranging from 11 to 43 feet.
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3.3 BIORESPIRATION RADIUS OF INFLUENCE

Radius of influence presented in Figure 6 may also be defined by increases in oxygen concentration
measurements and subsequent biorespiration in the monitoring wells. After Run One and Run Two,
active biorespiration was observed at MW-8, located 55 feet from MW-1 where oxygen measurements
decreased from 14.3% to 12.5% in Run One and 17.2% to 11.2% in Run Two. During Run Three, active
biorespiration was observed at P-3D and P-4D, located 20 feet and 30 feet from EX-2, respectively.
Oxygen measurements at P-3D decreased from 13.4% to 6.8%, and oxygen measurements at P-4D
decreased from 18.8% to 4.0%. For Run One low levels of biorespiration were observed as far away as
MW-19, which was 154 feet from MW-7.

34 SOIL VAPOR CONCENTRATIONS AND AIR EMISSIONS ESTIMATES

Results of the analyses of the vapor sample from the discharge from EX-2 indicated that the vapor
contained low levels of the BTEX compounds, benzene (0.496 mg/m’), toluene (0.496 mg/m’),
ethylbenzene (0.496 mg/m*), and xylenes (0.496 mg/m’) and gasoline range hydrocarbons (20.8 mg/m").
Air sample laboratory analytical results are included in Appendix E.

3.5 BIODEGRADATION RATES

Results of the in sifu biorespiration tests were used to determine oxygen utilization rates by plotting
percent oxygen versus time (Leeson and Hinchee, 1995). Figure 7 shows the oxygen depletion curves for
MW-8, P-1D, P-18, P-2D, and P-2S for Run One. Figure 8 shows the oxygen depletion curves for MW-8
for Run Two. Figure 9 shows the oxygen depletion curve for P-3D, MW-8, P-3S, P-4S, and P-4D for
Run Three.

Hydrocarbon biodegradation rates were estimated using the stoichiometric relationship for oxidation of
hexane. (The ratio of oxygen required for degradation to the size of the hydrocarbon remains constant;
therefore, it is applicable to use the relationship for hexane for sites with other hydrocarbon constituents.)

CeHyq + 9.50; - 6CO, + TH,0

The biodegradation in terms of milligrams (mg) hexane-equivalent per kilogram (Kg) soil per day was
estimated using biodegradation rates developed by Leeson and Hinchee (1995). Oxygen depletion rates
and the corresponding biodegradation rates are summarized on Table 7. Examples of the biodegradation
rate calculations are presented in Appendix F.

3.6 GROUNDWATER PRODUCTION

The volume of groundwater removed was measured using a totalizing flow meter installed in the line
from the moisture separator. During the initial stages of Run One, the bottom of the stinger was
maintained at a depth of 7 feet bgs, at approximately the original water table, and no attempt was made to
draw down the water table. During this period, average groundwater production was less than two
gallons per hour (gph). At the end of Run Two, the stinger was gradually lowered to a depth of
approximately 17 feet bgs, and during the last two days of Run Two, the average groundwater production
rate was 25 gph. At the start of Run Three, the stinger was set below the water table at a depth of 11.5
bgs, and the groundwater production rate averaged less than 7 gph. Towards the end of Run Three, the
stinger was lowered to 17 feet bgs, and during this period, the groundwater production rate was
approximately 22 gph.
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Due to the distance from the extraction wells and the monitoring wells, and the need to leave wells
undisturbed for oxygen monitoring for several hours after the test, drawdown caused by the groundwater
extraction test was not evaluated.

4.0 CONCLUSIONS
4.1 SVE / BIOVENTING PILOT TEST CONCLUSIONS
The pilot test data resulted in the following conclusions:

1. The pilot test results indicate that bioventing successfully enhanced utilization of oxygen in soil
gases, and that it accelerated biodegradation of petroleum hydrocarbons by indigenous
Microorganismes.

2. Prior to the test, oxygen concentrations in the subsurface were as low as 4.4 percent, which is
significantly depleted relative to the atmospheric oxygen concentration of 20.9 percent. An
oxygen concentration of 20.5 percent is typical of uncontaminated soils. Depleted oxygen
concentrations were likely to be a result of past aerobic biodegradation of petroleum
hydrocarbons. Oxygen concentrations below 5 percent are considered limiting with respect to
hydrocarbon biodegradation (Principles and Practices of Bioventing: Volume I and Volume II,
Andrea Leeson and Robert E. Hinchee, Batelle Memorial Institute, Columbus, Ohio, September
29, 1995). Thus increasing oxygen availability should remove the rate limiting factor to aerobic
biodegradation.

3. The pilot test results provide the following design parameters for a full scale remediation system:
e The vapor flow rate at a vacuum of approximately 4” Hg was 20 to 25 scfm.

e Vacuum influence was observed at a radius of up to 30 feet in wells screened below seven
feet bgs. Biorespriation influence was seen at low levels at distances of up to 150 feet, but
was strongest at distances of 30 feet and less. Based on these results, a conservative radius of
influence of 30 feet is proposed for the design.

e  Groundwater recovery was maximized when the bottom of the stinger was set well below the
static groundwater elevation. When operated at this depth, short term groundwater recovery
averaged 25 gph. When the system was operated with the stinger set closer to the static water
table, the groundwater recover rate dropped to less than 7 gph.

Pilot-Test.doc 7 SECOR International Incorporated
May 19, 2000



N su
e

7 “ALUMINUM

North

QUADRANGLE LOCATION
REFERENCE: USGS 7.5 MINUTE QUADRANGLE; VANCOUVER, WASHINGTON.

FIGURE:
8ITE LOCATION MAP
SE‘ OR FORMER COLUMBIA MARINE LINES FACILITY 1
International Mncorporated VANGOUVER, WASHINGTON

JOBY :00866-003-01

APT‘?:

DWN e DM DATE 1 12/2/97

OWa: CROOI0EB




GP-12A i MW-14
@ ¢
MW-18
< !
\
\
MW-1 L}
GP-1A '¢’ oy
T ® -4 //
pr T de VA
-~ T s — // //
MW-1o o g - GP-2A il
_¢_ / -¢_ - . /// //,
// //—4\\' P-q \\ / &
P-4 N V.
/ GP-SA & \Ex < A
7 Fa
s U™
Ve ”
\ / (/\\ P'a \ /// //
\ // \\\ \:\?‘ \ ) - e
N / RN l . ,/
. \\\ ~ //Gp:4A
W RN = |
[ I~ 7 | GP-5A
GP-8A' > . :
® cane? i /
\ GF‘-ZA AN T _¢_MW-8 /
\ N\ \ #
NN e - -~
\\ \\\\\\ -__‘__ﬁ_L_W_’_/
\ %N \\
\\ \\ ]
N @ N\ GP-9A \
qr-54 \ e \ ®gp.104
\\ \._____\ ““““““ - \
\ R ¥ ey
\ T~2462
\ |
\ GP—1+
\
| J.&END
\ e GROUNDWATER MONITORING WELL LOCATION
| e trorrose Locamon ’
\ 0161 /INFILTRATION GALLERY RISER
\ : r:__"_;’/ APPROXIMATE CREST OF FORMER PIT
\ \\ o sl g
T e
0 40 80
APPROXIMATE SCALE (FEET)
SITE PLAN FIGURE:

S I l :COI % FORMER COLUMBIA MARINE LINES FACILITY
: 6305 LOWER RIVER ROAD 2

VANCOUVER, WASHINGTON

JOBf O16.08480.600 APPR: X4 o7 _ DWN:8RH___ DATE: 8/7/00

F:/FILES /PORTLAND/CROWLEY DWG: 15-8480-602



b - $00JAJOS SUNDWN A|MoOID
‘o 2nbig : » m
70-50555-€6 uojBuYSOM, JPANOIUDA e ooty (VN SUGIINRUCY 88J0AUOD @
‘o 199[0sd SINIMT INIYYH VIBANTOD

¥YOLvYvd3sS d3lvm 1I0

L) g |0

NOSAZY | 200

ON3_HILJON
MIA—3dIS

3NIT L3Nl dWNd
T34 AY3A0D3Y WOUd

e — —— —

(<
1
e A e ——
[
Qo —the— &
4

A¥ITIVO
ﬁo —e— NOLYHLUINI OL

/|l Y¥ILIN MOTS

TNZ HINOS

A 3dIS

() T34 oL 3y MO0 ——(, )

Y3IIN MO —

YILIAVID BF AVM AULNS FTOHNYH

ON3 HLNOS WOdd MIIA

5

ArT

ONLLLIS

39¥VHISIO m

a3L3NYIO .68 I/
AULNG TOHNYA

Y3LINVIO .8
\—— IN3A NOWO3JSNI

YAU3IAVIO 9
LIN3A NOLLI3JSNI

WOS O

L

oT-au 2 TU @o |

[



GROUND SURFACE AT
APPROX. ELEV. 32°

Yo
\}

aN

gy

< =
2 .
D w
0
@
° il
% " g 4 @ n® T®ee ]

[/- {‘.(//PQ“ WA
. ‘ HORLT BASE OF TRENCH AT
APPROX. ELEV. 28°

PERFORATED PVC PIPE

NOT TO SCALE

TYPICAL AS=BUILT SECTION
WATER DISPOSAL GALLERY

FIGURE $§

UEST FOR PROPOSAL - INFORMATION ONLY
= CROWLEY

ENVIRONMENTAL
SERVICES




P21040d400U] [VUOLDULIU] YOI TS [Jo 1 38ed 000Z/61/50
S[X°g 2un31] A2|M01D)

(37) [IPAA UOTIORIIXT WO 99UE)SI(T

0 o 0z oL 0
0000
Caed . “ “ : [
= 10070
- Z
L (=]
[ =
: H
SlIoM & 0L00 M
-]
i 2
=
- =]
00470
000}

A[IoR SSUI'] QULIBIA] BIQUIN[O)) JOULIO ]
1591 J0[id uoneIidsalorg pue uondvIIXF ISy [en
3JUBISI(] SNSIIA WINNIEA PIZI[BULION
9 21n3Ly



D3IDLOAL0DU] [DUORDUBIU] YOI TS 1Jo 1 28eg 0002Z/61/50
£ amBry/spxeie( 1591 1071d AS[moIo

Kep/%91- = SIT/%E 1~ = (SMT)/(%8'61-%S 81) = 2do[s :dz-d
Kep/%8T- = ST/%E T~ = (SHT/(%8'81-%S 91) = 2do[s :1-d
AeD/%1 1~ = SIUY/%6' 1~ = (STP)(%E v 1% T1) = 2do[s :3-MIN

umopInys J33Jy SINOH

00:9 00:S 00:¥ 00:€ 00:T 00:1 00:0 |
: E— — 0
| st - 091 e
| dzdvy e |
" & |
| SI-dm =
1 Qﬁnmo o W
| ¥ B T1 S % B -0°0¢
| STMIN X & X i W H i WOW W
@ | , ,
_ ! | W |
i _ | W
| _ | , 042

AR SAUI'] QUIIB]A] BIqUIN[O)) JOULIO
1S9, 10[Id uoneaidsarorg pue uondelxy aseyd ren(
(L=AMIA) duQ uny Joy4 da1n)) uondjdaq ua8LxQ |
L 9In31g

e ——— P S S e i e e e e o e i SRk S e e e s B e R e i s S WS e S e e s e ms



YOIVAOULOIU] [DUOYDULLIU] YOITS [Jo ] afeq 000Z/61/50
6 am3ry/s[xrere( 152, 10[1J A9[M0Id

A®D/%05S- = SIYS'0/%S 11~ = (SMS 0)(%0Z-%S'8) = ado[s :@p-d
Aep/%001- = SIUZ/%E 8- = (ST)/(% 1 ¥1-%8'S) = adofs :q¢-d

W UMOpINYS 31V SINOH

00:€ 0T 00-T 01 00:1 0€:0 00:0
| |
e e e e
[ arax| | X
I i
| Srdx| |
b - X 7 i
| S M | _ . S
i | =
| dede | 3
| S : R e
| - : T x| x %]
" I
| | |

, A[IoR ] SOUI] SULIBIA] BIQUIN[O)) JSULIO ]

| 1531, 10[1d uopeIridsaIolg pue uonoIvIIXH ISLYJ [en(
94V I, unyj X0y aAIn)) uondjdaq uadixQ

| 6 3In31y




Table 1

Background Monitoring Data
Dual Phase Extraction and Biorespiration Pilot Test

Former Columbia Marine Lines Facility

Site L.D. Former Columbia Marine Lines Facility (Crowley)
Date: 02/01/2000 - T
Depth to Depth to Product .
Well Time Product Groundwater Thickness Oxygen (%) Vacuum (in
(ft bgs) (ft bgs) (ft HO)
P-1D na na na na 20.8 0.00
V_P-IS T na na na o l'Ia 20.2 0.00 ]
P2 | na na na " na 19.8 0.00
 pa2s na " na na " na 207 0.00 |
C MW-1 1037 = 8.86 & 204 000 |
[ Mw-7 1048 = 11.45 e - 0.00
MW-8 11049 11.54 12.40 0.86 17.7 0.00
MW-18 1040 - 9.06 . 208 0.00
[ MW-19 1042 = 12.76 & 44 0.00
Notes: -- = not measured
na = not applicable
crowley Pilot Test Data.xIs/Table 1
05/19/2000 Page 1 of | SECOR International Incorporated



Table 2

Well Monitoring Data
Dual Phase Extraction and Biorespiration Pilot Test

Former Columbia Marine Lines Facility

[Site 1D. {Former Columbia Marine Lines Facility (Crowley)
Depth to Depth to Product
Well Date Time Product Groundwater Thickness Oxygen Vacuum
(ft bgs) (fi bgs) (ft) (%) (in H,0)
P-1D 02/01/2000 14:10 - = = 20.9 0.00
02/01/2000 14:30 - - — 209 0.00
B 02/01/2000 14:42 - @ - 20.9 0.00
02/01/2000 15:05 - . - 19.3 0.00
- 02/01/2000 15:46 - o o= 18.6 0.02
N 02/01/2000 16:24 e - - 19.7 0.02
02/02/2000 10:28 na 9.45 na 20.8 0.14
02/08/2000 9:45 o - o 21.0 -
02/09/2000 9:08 = — - 19.2 2.60
~ 02/17/2000 9:24 - - - 20.3 0.66
P-1S 02/01/2000 14:15 % - - 20.4 0.10
02/01/2000 | 14:30 . - - 20.6 0.10
02/01/2000 14:42 - - - 207 0.12
e 02/01/2000 15:05 | - = = 20.6 0.10
F 02/01/2000 15:46 - - ) - 20.5 0.12
i ~02/01/2000 16:25 s - e - 20.9 0.14
02/02/2000 10:28 na 7.95 na 20.9 0.12
02/08/2000 9:46 - - - 20.9 P
02/09/2000 9:09 | - - - 209 0.11
B 02/17/2000 9:28 - - T 209 0.07
P-2D 02/01/2000 14:20 - - - 20.2 2.90
02/01/2000 | 14:30 s = s 20.4 3.40
02/01/2000 14:45 - o~ - 19.5 2.00
- 02/01/2000 15:09 . = | = 20.9 >10
02/01/2000 | 15:50 - - - 20.4 1.00
02/01/2000 16:26 T s - - 20.2 6.50
i - 02/02/2000 10:34 na 9.54 " na 20.6 2.40
02/08/2000 9:47 .- - - 20.8 -
[ 02/09/2000 9:11 - w o - 20.1 2.60
- 02/17/2000 9:28 - - i -- 20.0 2.60 |
P-2S 02/01/2000 14:20 = i = 20.9 0.00
- 02/01/2000 14:34 - - - 20.9 0.00
B 02/01/2000 14:45 = = = 206 0.00
| 02/01/2000 15:09 - - | & = 20.6 0.00
| 02/01/2000 15:50 - o - 209 0.00
02/01/2000 16:27 - - | = 20.9 0.00
N 02/02/2000 10:34 na 9.54 na 209 0.10
02/08/2000 9:48 - e T 20.9 -
02/09/2000 9:12 - - - 20.8 ~0.00
02/17/2000 9:29 - = 2 20.7 0.00

crowley Pilot Test Data.xls/Table 2

05/19/2000

Page 1 of 2
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Well Monitoring Data
Dual Phase Extraction and Biorespiration Pilot Test

Table 2

Former Columbia Marine Lines Facility

{Site LD. |[Former Columbia Marine Lines Facility (Crowley) |
Depth to Depth to Product
Well Date Time Product Groundwater Thickness Oxygen Vacuum
(ft bgs) (ft bgs) (ft) (%) (in H,0)
P-38 02/17/2000 14:45 s - < 20.5 0.00
P-3D 02/17/2000 14:50 - -_ - 17.8 0.03
P-45 02/17/2000 14:52 o = - 20.5 0.00
P-4D 02/17/2000 14:53 o - o 19.5 0.01
MW-1 02/01/2000 14:29 = e 5 20.4 0.00
- 02/01/2000 14:40 | - T e - 20.4 ©0.00
02/01/2000 14:50 = = - 204 | 0.00
02/01/2000 15:20 - . e 20.6 0.00 |
02/01/2000 16:00 na 8.86 na 20.4 0.00
) 02/02/2000 10:40 na 913 na 207 0.00
02/08/2000 |  9:49 - - I 20.8 -
'02/09/2000 9:14 s - - 20.6 0.00
MW-8 02/01/2000 14:29 - - — 14.1 0.01
‘ 02/01/2000 14:38 = | e s 16.7 0.00 |
| 02/01/2000 | 14:48 - | - - 14.8 - 0.00
[ 02/01/2000 | 15:22 = = T 13.8 0.00
~02/01/2000 16:16 11.98 12.50 0.52 136 0.00
02/02/2000 10:48 11.46 12.20 0.74 16.3 0.00
02/08/2000 9:56 - - - 16.7 -
B 02/09/2000 | 9:22 - - T 14.6 0.00
MW-18 02/01/2000 14:25 e e - 20.9 0.00
02/01/2000 14:32 - = - 20.9 - 0.00
02/01/2000 14:46 - - - 20.9 0.00
02/01/2000 | 15:24 = e = 20.9 0.00
02/01/2000 16:03 na 9.08 na 20.9 0.00
02/02/2000 | 10:43 " na 1281 na 20.9 0.00
02/08/2000 9:53 s i - 20.8 e
02/09/2000 9:16 - - - 209 | 000
MW-19 02/01/2000 14:28 - - . 20.9 0.00
""" 02/01/2000 14:30 - - 209 0.00
I 02/01/2000 1447 | - P B s 20.9 0.00
o ~02/01/2000 15:28 o . T - 209 0.00
| 02/01/2000 16:08 na 9.08 na 20.9 0.00
- 02/02/2000 10:45 na 12.81 na 209 0.00
02/08/2000 9:51 - - 20.8 -
T 02/09/2000 9:18 | ~: - - 209 0.00
Notes: -- = not measured

crowley Pilot
05/19/2000

na

not applicable

The depth to water was not measured during biorespiration monitoring to preserve oxygen levels in wells.

Test Data.xls/Table 2

Page 2 of 2

SECOR International Incorporated
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Oxygen Depletion Data For Run One (MW-7)

Table 4

Dual Phase Extraction and Biorespiration Pilot Test

Former Columbia Marine Lines Facility

Time After 0, 0, 0, 0, 0, 0, 0, 0,
Time Shutdown P-iD | P-1S | P2D | P2S | MW-1 | MW-8 | MW-18 | MW-19
(min) (%) (%) (%) (%) (%) (%) (%) (%)
Distance Fro“z f?)macnon Well 1450 150 | 300 | 300 80.5 55.5 043 | 1535
Screen Depth (ft bgs) 7.0-9.0 | 3.0-50 | 7.0-9.0 | 3.0-50 | 4.0-19.0 | 3.5-18.5 | 1.5-9.0 | 9.5-19.0
9:08 | 0 19.2 20.9 20.1 20.8 20.6 14.6 20.9 72
Blower Shutdown at: 9:25
9:27 0:02 18.9 20.9 19.8 20.8 20.5 143 20.9 7.0
9:50 0:25 18.2 208 19.7 20.7 20.4 14.3 20.9 6.8
10:02 0:37 18.1 20.8 19.5 20.7 20.4 14.3 20.8 6.9
10:15 0:50 18.1 20.8 19.4 207 204 | 142 20.9 6.9
10:55 1:30 18.0 20.9 19.7 20.8 204 | 139 | 209 5.9
1125 2:00 184 | 209 19.3 20.7 204 | 135 | 208 5.7
11:53 2:28 185 | 208 19.5 207 | 204 133 20.8 5.6
1225 | 3:00 18.8 208 | 195 | 207 | 203 12.9 208 | 52
1254 | 329 19.1 20.8 19.6 20.7 204 12.6 20.8 54
13:21 3:56 19.3 20.9 20.0 20.7 203 12.5 20.8 55
13:43 4:18 - - - - - | 88 | - -
13:58 4:33 ” s . - = 8.0 - | -
1413 4:48 s s - = | - 8.1 - »
14:28 5:03 an w | e s - 8.1 s =
14:43 518 = - = | = - 8.3 s -
14:58 5:33 = = . = - 8.3 = =
15:13 5:48 - — — - ~ 8.4 - -
15:28 6:03 - - - - - 8.5 - — |
1543 | 618 - - — - - 8.5 - -
 15:58 6:33 - - s - - 8.5 - -
16:13 648 » - s » s 8.5 = "
16:28 7:03 " e » = - 8.4 s e
16:43 718 s o = = = 8.6 - -
- 16:58 7:33 = = | - p= - 8.5 = s
o | e | - | - U - 8.5 - -
17:28 803 — - - - - 10.1 - -
17:43 8:18 - - - - - 117 - -
Notes -- = not measured, only MW-8 was monitored with the data logger.

crowley Pilot Test Data.xls/Table 4

05/19/2000

Page 1 of 1

SECOR International Incorporated



Table 5

Oxygen Depletion Data For Run Two (MW-7)
Dual Phase Extraction and Biorespiration Pilot Test

Former Columbia Marine Lines Facility

Time After 0, 0, 0, 0, 0,
Time Shutdown MW-8 P-1D P-18 P-2D P-2S
(min) (%) (%) (%) (%) (%)
Distance From Extraction
Well (ft) 55.5 15.0 15.0 30.0 30.0
Screen Depth (ft bgs) 3.5-18.5 7.0-9.0 3.0-5.0 7.0-9.0 3.0-7.0
11:12 | 0 17.6 20.3 20.9 20.0 20.9
Blower Shut Off at 11:18
11:25 0:07 17.2 = = - -
11:35 | 0:17 158 - - - -
11:45 0:27 142 = T & - -
11:55 0:37 13.4 - - . -
12:05 0:47 12.8 - s - __
12:15 0:57 123 s - — -
12:25 1:07 Tl - — - ~
| 12:35 1:17 11.7 - - - -
12:45 127 11.3 - - - —
12:55 1:37 11.4 = - - -
13:05 1:47 114 - - = ~
©13:15 1:57 11.4 s - - .
13:25 2:07 11.3 - - - .
13:35 2:17 11.2 - s - -
13:45 2:27 11.3 - - - -
13:55 2:37 113 = - - -

14:05 2:47 1.1 - . - .

[ 14:15 2:57 T2 T ” - T
14:25 3:07 11.1 — - - —
14:35 3:17 11 = = - -

| 14:45 3:27 11.1 - - - -
14:55 3:37 11.3 - P = -

~15:05 3:47 11.2 e - - -
| 15:15 3:57 11.2 D - ” -
15:22 4:04 11.2 i - - —
Notes -- = not measured, only MW-8 was monitored with the data logger.
crowley Pilot Test Data.xls/Table 5
Page 1 of |

05/19/2000

SECOR International Incorporated




Table 6
Oxygen Depletion Data For Run Three (EX-2)
Dual Phase Extraction and Biorespiration Pilot Test Data
Former Columbia Marine Lines Facility

. 0, 0, 0, 0, 0, 0, 0, 0, 0,
. Time After
Time | o o (atii) P-38 P-3D P-4S P-4D | MW-1 | MW-7 | MW-8 | MW-18 | MW-19
(%) (%) (%) (%) (%) (%) (%) (%) (%)
Distmee From Bxtaguont | oo | oo | g0 300 | 89.0 18.5 67.3 813 | 135.0
Well (ft)
Screen Depth (ft bgs) 3.0-5.0 | 7.09.0 | 3.0-50 | 7.0.9.0 | 4.0-19.0 | 3.0-18.0 | 3.5-18.5 [ 1.5-9.0 | 9.5-19.0
14:50 | 0 20.5 17.8 20.5 19.5 20.8 17.4 16.0 20.9 8.0
Blower Shut Down at: 15:05
15:09 0:04 20.7 13.4 20.4 18.8 20.5 20.8 15.9 20.9 6.4
1519 | 0:14 20.9 11.7 20.5 12.6 205 | 208 15.7 20.9 6.5
15:38 0:33 | 209 10.9 20.7 5.8 20.5 207 | 158 20.8 78
15:48 0:43 208 | 106 | 206 | 51 | 205 20.7 157 | 209 7.8
16:11 © 1:06 20.8 10.2 20.6 5.0 204 20.8 15.6 20.9 7.6
16:26 | 1:21 | 208 10.2 20.7 4.9 20.4 20.8 15.5 20.8 2
16:39 1:34 208 | 101 20.7 4.0 20.4 208 | 153 | 209 | 7.0
16:40 1:35 - 100 | - T w - s = | = |
16:50 1:45 - 83 | - - - - - - -
17:00 |  1:55 = 8.0 p= = s | s= wa - -
1710 20500 | - 7.9 — - - - - - -
17:20 2:15 = 7.8 = - = - - e .
17:30 2:25 - 2 2 T - — - -
17:40 2:35 = 7.6 s - P a . - s
17:50 | 245 - 74 - e - - - - -
1800 255 | - | 73 - & = s = w | ew
18:10 3:05 - | 22 - — - ias i = -
18:20 3:15 = 7.1 e = = a s -
1830 | 325 - 7.1 - - - | = - - -
18:40 3:35 - | 70 - - & = # .
18:50 3:45 s 69 | = | = - - | = - -
19:00 |  3:55 -- 6.8 - - - - = = =
19:10 4:05 = 6.8 = — s - - - -
19:20 4:15 a 6.7 - - -- - | - - -
1930 | 425 T e 6.6 . = a - - - | =
19:40 4:35 - 65 | - - - -- - - -
19:50 | 4:45 - 6.4 - = s - b e | e
20:00 455 | - | 63 - - o e - - -
20:10 5:05 - 62 | = = w - o |
2020 515 | - | 61 w s - - - - -
20:30 5:25 - 60 | - | - | - - = =
20:40 | 535 | - 6.0 - e - T - o s -
20:50 5:45 - 61 | - | - | - R - -
| 21:00 |  5:55 T 6.4 - s = - = - e
21:10 6:05 - | 66 | - | - | - 1 - | - - -
21:20 6:15 - 6.7 e - T e = = -
' 21:30 6:25 - 6.8 - s -- - -

crowley Pilot Test Data.xls/Table 6
05/19/2000 Page 1 of 2 SECOR International Incorporated



Oxygen Depletion Data For Run Three (EX-2)

Table 6

Dual Phase Extraction and Biorespiration Pilot Test Data
Former Columbia Marine Lines Facility

. Time After 0, 0, % 0, O, O O O, 0,
Time | o down (min) P-3S P-3D P-48 P-4D | MW-1 | MW-7 | MW-8 | MW-18 | MW-19
(%) (%0) (%) (%) (%) (%) (%) (%) (%)
Distnee FromBadeastion | o065 | ooo | s0s | me | oo 18.5 67.3 813 | 1350
Well (ft)
Screen Depth (ft bgs) 3.0-5.0 | 7.09.0 | 3.0-50 | 7.09.0 [ 4.0-19.0 | 3.0-18.0 | 3.5-18.5 | 1.5-9.0 | 9.5-19.0
21:40 6:35 - 7.0 -- - - - - - -
21:50 6:45 - 7.1 - - - e s oo - |
22:00 6:55 - 7.2 . = - - - = a5
22:10 7:05 B T3 | - o - o - - -
22:20 =S | = 74 = - - - = = =
22:30 725 ~ 7.6 - - o= e - | = o
22:40 7:35 = 76 | - 5 o = - = -
' 22:50 7:45 — T - o s - - - =
23:00 7:55 a8 7.8 = - - - - - -
23:10 © 8:05 - 7.9 - P = T =~ ] = -
23:20 | 8:15 = 8.0 = = = | @& = =
crowley Pilot Test Data.xls/Table 6
05/19/2000 Page 2 of 2 SECOR International Incorporated



crowleyTable 7.xls
05/19/2000

Table 7
Observed Biorespiration Rates
Dual Phase Extraction and Biorespiration Pilot Test

Former Columbia Marine Lines Facility

[Former Columbia Marine Lines Facility (Crowley)

|Site LD.
Oxygen Hydrocarbon
Well Depletion Rate Biodegradation Rate
(%0,/day) (mg/kg/day)
Run One
P-1D -28 -8
P2D -16 5
[ MW-8 -11 3
Run Two
MW-8 | -200 -58 ]
Run Three
P-3D -100 -29
P-4D -550 -160
Page 1 of |

SECOR International Incorporated



Table 8
Groundwater Production Data
Dual Phase Extraction and Biorespiration Pilot Test
Former Columbia Marine Lines Facility

Site L.D. Former Columbia Marine Lines Facility (Crowley)
Date: 2/1/200 through 2/23/2000
Time of Time Beiween Depth of Total
Date Reading Readings Stinger Flowmeter Flow Flow Flowrate
(hr) (ft below TOC) (gallons) (gallons) | (gallons) (gpd)
Vacuum At MW-7
02/01/2000 o P 8 10558 0 0 0.0
02/02/2000 12:25 1.00 ] 10562 4 4 4.0
- 02/04/2000 | 12:00 1.99 7 10726 168 168 84.4
02/08/2000 10:00 392 7 10736 10 178 2.6
02/09/2000 9:00 096 7 10788 52 230 54.3
02/14/2000 16:00 5.29 7 | 10967 179 409 33.8
02/15/2000 | 13:00 0.88 17 11399 432 | 841 | 4937
02/17/2000 9:00 183 17 12494 1095 1936 | 5973
Vacuum At EX-2
02/17/2000 9:00 - 10.5 12494 0 0 0.0
- 02/18/2000 15:00 1.25 16.75 12768 274 274 219.2
02/18/2000 | 17:15 | 0.09 16.75 12846 78 352 832.0
02/22/2000 13:00 391 | 1675 13316 470 822 | 1203
02/22/2000 13:30 0.02 13 13335 19 ga1 | 9120
02/22/2000 14:00 0.02 1675 | 13351 16 857 768.0
02/23/2000 7:30 0.27 16.75 13734 383 1240 14142
Notes: 1. Blower motor automatically shut itself down between at an unknown time between 2/4/00 and 2/8/00 and it was restarted 2/8/00.

2. Blower motor automatically shut itself down between at an unknown time between 2/9/00 and 2/14/00 and it was restarted 2/14/00.
3. Blower motor automatically shut itself down between at an unknown time between 2/18/00 and 2/22/00 and it was restarted 2/22/00.

crowley Pilot Test Data.xIs/Table 8
05/19/2000 Page 1 of 1 SECOR International Incorporated



APPENDIX A
BORING LOGS AND

WELL CONSTRUCTION DIAGRAMS

Dual Phase Extraction and Bioventing Pilot Test Report
Former Crowley Marine Lines Facility

6305 Lower River Road

Vancouver, Washington

SECOR PN: 015.08480.006

May 19, 2000



FIGURE A-8

DEPTH IN FEET

BORING NO. 7 ey
/D
TOP OF CASING ELEVATION: 33.00 FEET ‘C\qﬂﬁ (Lj
175 \e )
*GRAPHIC 4,y
" *TEST DATA LOG DESCRIPTION
sP | BROWN FINE TO MEDIUM SAND (LOOSE, MOIST)
(FILL)
5 //,f
sP |GRAY FINE TO MEDIUM SAND (LOOSE, MOIST)
(FILL) :
6
e ces-11M
. - 12il ML |GRAY SILT WITH SOME WOOD AND A TRACE OF FINE
X - SAND (MEDIUM STIFF, MOIST)
15 =
10
]
20 —

BORING COMPLETED AT 20 FEET ON 11/2/83

2_INCH PVC PIEZOMETER INSTALLED TO A DEPTH OF
18 FEET. SLOTTED INTERVAL EXTENDS FRO
3 TO 18 FEET. =,

STATIC WATER LEVEL MEASURED AT ELE. 20.79 FEET
ON 11/7/83, AND AT ELE. 20.79 FEET ON 11/8/83

*SEE KEY FOR EXPLAMATION OF SYMBOLS

GeoEngineers Inc. LOG OF EXPLORATIOXN




SECOR

International Incorporaled PAGE 1 OF 1
FACILITY _CROWLEY JOB # _00255-003-01 BORING/WELL_EX-2
LOCATION _VANCOUVER, WASHINGTON SURFACE ELEVATION 31.60

START _2/8/96 1010
LOGGED BY _J. GIEBER

FINISH _2/3/96 1130
MONITORING DEVICE _PiD MP-1000

CASING TOP ELEVATION__33.53

SUBCONTRACTOR AND EQUIPMENT _CASCADE DRILLING,
COMMENTS _SAMPLED USING A 2° L.D. X 1.6

INC.: CME 75, 10 1/4"* 0.D. HSA
LONG SPLIT SPOON SAMPLER LINED WITH BRASS SLEEVES

E KE
PENETRATION| 5 © I = S x 3 )
resut’s | &89 o 8= ) , 8% |82 well Construction
s & ; o o kY ; .
2 ¥ Qs | 5|s 8 Lithologic Description BE s g Schematic
BLOWS g3 agl2|ss £ B Qg
6‘"/6"/6" 8= x || qa 33 Q Q@
5 L 5
1 — 0
- Sand, brown, fine to medium, some silt, loose, moist SP
5 5
5/6/12 2 | wsp
N Dark gray, strong hydrocarbon odor, wet
— 10 — 10
a/4/4 L 398 | sp = Wood debris B
C o
n Silt, dark gray, soft to medium stiff, minor clay, moist ML —
—15 —15
— 20 — 20
- Olive brown -
— 25 [ 25
o ) ' - 30
o Boring terminated at 30 feet, sampler advanced to 11.5 feetl. -
= Groundwater encountered at approximately 9 feet during drilling. L
o Boring converted to a groundwater moniloring weli on 2/3/96. -
35 - 35
> Field Screen/Lithologic Groundwater Level at 4 . 2/12 4" PYC
Description 5/'ampfe ? V4 Time of Drilling ,° Grodational L{nes!ar Blank
[S=] Preserved Sample h 4 Static Groundwater Level 7 Ko | Siica Sand Casing
[ No Recovery SD  Sheen Detected Contact ;"c ::n‘f
S Siberilis NS No Sheen Detected i;;f;x‘.mtw Sorer
s S NT  Not Tested (0.010 slots)
Analysis (2.5Y 4/2) Munsell (1990) Soil Color Charts  ——— Contact = End Cap

DWG: CROO308L




FIGURE A-2

BORING NO. 1

TOP OF CASING ELEVATION: 33.07 FEET

|37 - ,
*GRAPHIC vi 1 . s =
. «TEST DATA LOG DESCRIPTION
B sP | BROWN FINE TO MEDIUM SAND (LOOSE, MOIST)
= ? CFILL)
5-4
4GRAY EINE TO MEDIUM SAND (LOOSE, MOIST)
CFILL)
&=
f<al
£ L
fm 10 =
- CEs-1 B
&=t
- 4
E_‘ i
e CES-2
(=]
157 {GRAY FINE SANDY SILT WITH A TRACE OF WOOD
(MEDIUM STIFF, MOIST)
7
)
20 =

BORING COMPLETED AT 20 FEET ON 11/1/83

2-INCH PVC PIEZOMETER INSTALLED TO A DEPTH OF
19 FEET. SLOTTED INTERVAL EXTENDS FROM &4 TO
19 FEET. .

STATIC WATER LEVEL MEASURED AT ELE. 22.11 FEET
ON 11/7/83, AND ELE. 22.20 FEET ON 11/8/83

*SEE XEY FOR EXPLAMATION OF SYMBOLS

GeoEngineers Inc. LOG OF EXPLORATION




FIGURE A-9

DEPTIl IN FEET

BORING NO. 8

TOP OF CASING ELEVATION: 33.13 FEET  , (;
41,44 g
*GRAPHIC o % \
+TEST DATA LOG DESCRIPTION \\\\x,,ﬂ
SP | BROWN FINE TO MEDIUM SAND CLOOSE, MOIST)
(FILL)
5= ’/,f
5P |GRAY FINE TO MEDIUM SAND (LOOSE, MOIST)
(FILL)
10 s
il ces-13
<l _ ML |GRAY SILT WITH A TRACE OF FINE SAND AND
: CEs-14 ORGANIC MATTER (SOFT, MOIST)
_:lr
15 =
8
E
20 BORING COMPLETED AT 20 FEET ON 11/2/83

2-INCH PVC PIEZOMETER INSTALLED TO A DEPTH OF

18.5 FEET.

SLOTTED INTERVAL EXTENDS FROM

3.5 TO 1B.5 FEET.

STATIC WATER LEVEL MEASURED AT ELE. 19.37 FEET
ON 11/7/83, AND AT ELE. 19.61 FEET ON 11/8/83.

*SEE XEY FOR EXPLANMATION OF SYMROLS

GeoEngineers Inc.

LOG OF EXPLORATIOX




MONITOR WELL NO. 19

20 ) b
WELL SCHEMATIC ¥ DESCRIPTION ’ L
Caslng Elevation: 34.16 EE Group
Caslng Stickup: 1.1 D =E Symbol Surface Elevatlon: 33.1
BEMTON TR sp | BROWN FINE TO MEDIUM SAND (MEDIUM DENSE,
NATIVE MDIST TO WET)
sSolL
2= | NCH 19-11
DIAMETZR
SCHEDULE
L0 PvC PIPE
19-2
BENTONITE .
WATER LEVEL STRONG HYDROCARBON ODOR AT 12 FEET
On 2714786
|
920 SILiCA
Saryl
08 he-sm
3. 27TED
- Y £
(S36-Inco L
eo” wWIDT=
15-+ M

DEPTH IN FEET

40 —

BCRING COMPLETED AT 22 FEET ON 2/1/86

Note: See Flgure A-2 for Explanation of Symbols

N

¢

inoers

Incorporated

LOG OF MONITOR WELL

FIGURE A-7
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0oty

4

DEPTH IN FEET

WELL SCHEMATIC

Casing Elevation: 33.34
Caslng Stickup: 2.7

o

MONITOR WELL NO. 18

DESCRIPTION
Surface Elevation: 30.8

Group
Symbol

I

f\\')'“‘w{, a

al

NATIVE SOIL
BENTONITE

TELULEL CYRTA TR AR LLLEALEY

r—eal0 S|LICA
SAND

—_—

ofx
Zr
—-
nm
-~
—
&8
~in
g
om
-

~
L]
Zz
(2]
T

o

i1 48]
ro<nr e
e Xl dalah-]
- MmM=IX

VO =M
L= —=Cinz -
-2 br-omin-

=
o

Qomem
-I
I

40 =~

18- 1

sP BROWN FINE TO MEDIUM SAND (MEDIUM DENSE,

STRONG HYDROCARBON ODOR AT 7 FEET

SP GRAY FINE TO MEDIUM SAND WITH OCCASIOnAL
FRAGMENTS OF ORGANIC MATTER (MEDIUM
DENSE, MOIST)

BORING COMPLETED AT 9 FEET ON 2/1/86

ztl(

'\_) O "M

Note: Bee Flgure A-2 for Explanation of Symbols

DRY

LOG OF MONITOR WELL

FIGURE A-6




APPENDIX B
BLOWER SPECIFICATIONS AND

PERFORMANCE CURVES

Dual Phase Extraction and Bioventing Pilot Test Report
Former Crowley Marine Lines Facility

6305 Lower River Road

Vancouver, Washington

SECOR PN: 015.08480.006

May 19, 2000



"VACUUM PERFORMANCE DATA

For Air at Standard Conditions: Sea Level 14.7 PSIA, 68° F Inlet Temperature, 36% Relative Humidity.
For performance with gases other than air, or at non-standard conditions, contact your authorized Sutorbilt distributor.

size | DIA INLET [ pispL. cu.| oo 2" HG 4" HG 10" HG 12" HG 14" HG
LOUREY| FLREY e IE T IET EWC| ere [oR | BHe |IOEN BHP
wasd 0.7 |Eavay 1. M 2.5 g r
2LP 08 i 2. 57 |WRvs | 37
SLVP 2"s 0.035 0.9 i 3 36 6| 4.3
1.1 1; {42! 45 5] 52 6.0
e TE] AR
alve | 2%s 0.104 5 5 34l 6.7 |@243: 80 |,
1.9 3, 9] 8.7 9'] 10.5 |7 12.2
aLp 18 3 4 o9 (1875 | 164 |
4VP 3-8 0.170 23 4. 5?;{'» 10.4 43| 12.4 14.5
3.0 | 5. 245 14.2 0 171 19.9
sLp 23 2 o0 133 %R | 175 20.1
SLVP 48 .0350 36 6. 17.1 |itga7 | 205 24.0
S 48 9. 23.2 860 | 27.9 32,5
6LP &3 5 399 |toss | 553 41.2
6LVP 6"-F 0.718 6.5 12, 323 : 1 452
- 79 15. 39.3 55.0
7LP g'g ; 12 33'5
7LVP 8"-F 1.200 98 | 19. 49.2
1.5 22, 57.3
sl &
8LVP 10™-F 1.740 11 22, 55.7
456 29, 72.9
size | DIA. INLET| DISPL. CU. 6" HG _16"HG
& OUTLET| FT. REV. 3 BHP ‘
0.8 1.2
2Mp 0 15 1.8 |;
2MVP -8 0.017 11 |, 1.7 [4 211 |;
1.4 | 22 |i 2.6
amp 26 23 L 83
amve| 2-S 0.060 24 40 |3 47
31 5.0 |i 6.0
4MP 39 g'g ?g
4MVP| 248 0.117 4.4 74 8.6 10.0
5.9 |2 98 | 1.8 13.7 14.7
< Vs 53 &8 103 128
SMVP 48 0.210 6.2 103 | 12.3 14.4 15.4
84 139 | 16.7 195 20.9
e s [Tem s [ s s | st
6MVP 55 0.383 10.3 172 | 20.7 | : 258
- 1256 210 | 25.1 31.4
7MP ]%’8 %g'g 53'3 gg'g
7MVP 6"-F 0.733 18.0 |: 0 i 36.0 :
21.0 | 42.0
] 2
8mp 8"-F 1.040 ‘o I :
. 200 | 40,0
i 562 |1 52
size | DIA. INLET | DISPL. CU. HG
& OUTLET| FT.REV. BHP |2
3HP %g ' é? %’3
auve|- 148 0.045 1.9 25 3.7 4.3 4.6
25 332 47 53 57 6.0
4HP :12% 33 ‘ 2'3 5.1 5.3
4HVP 148 0.069 27 36 5.1 5.9 63
% 48 6.9 81 8.7 9.3
5HP gé ﬁ'& g'g g'g 8.6
sHVP| 248 0.140 43 |~ 5.5 |. 8.2 9.6 103
56 74 11.1 130 13.9 49
S 6HP 2l ?l - 13 130 140 14.9
6HVP 3-8 0.227 61 | 8.2 123 14.3 15.3 16.3
7.5 | g9 | 14.9 17.4 18.6 199
7HP ?'g “'452 13'3 ‘ 1%‘8 };'g }g'g ;3'8
7THVP 4"-8 0.1367 90| 561 | 1200 18.0 2113 226 24.1
10.5 | 1667 | 14.0 21.0 24,5 26.3 28.0
7.0| @80 | 9.3 13.9 16.2 17.4
8HP. P 93| .544| 123 185 216 231 247
BHVP E 0.566 10.9 | ‘660 | 14.5 21.7 254 | 27.2 29.0
14.2 | ‘801 | 190 2835 |, 33.2 35.6 38.0
S=SCREWED CONNECTIONS STD. PIPE  F=FLANGE CONNECTIONS STD. PIPE 6

INTAKE AND OUTLET PIPE CONNECTIONS SAME TYPE AND SIZE.
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NOTIFICATION LETTERS

Dual Phase Extraction and Bioventing Pilot Test Report
Former Crowley Marine Lines Facility

6305 Lower River Road

Vancouver, Washington

SECOR PN: 015.08480.006

May 19, 2000



SECOR

International mcorporated

Kt
January 13, 2000 C © PY

Mr. Paul Mairose

Southwest Washington Air Pollution Control Authority
1308 NE 134" Street

Vancouver, WA 98685

RE: Bioventing Pilot Test
Crowley Marine
Vancouver, Washington
SECOR Project Number: 015.08480.500

Dear Mr. Mairose:

Per our conversation on December 14, 1999, SECOR is preparing to conduct a bioventing pilot scale test
at the Crowley Marine facility in Vancouver, Washington. Site groundwater is impacted by oil range
petroleum constituents, and the pilot test is designed to evaluate the efficiency of the two technologies.
The pilot test is scheduled to begin on January 24, 2000, and is expected to run for approximately one
month. Results from the pilot test will be used to design a full-scale remediation system.

The pilot test will evaluate the effectiveness of bioventing for remediation of subsurface soils impacted
with oil. A blower will be used to remove groundwater and soil vapors from the subsurface, inducing
flow of air into the well from the surrounding soil, providing oxygen to the soil around the well and
augmenting biodegradation of oily petroleum hydrocarbon contaminants. The vapor extraction flow rate
is expected to be approximately 80 standard cubic feet per minute (scfm), although this may vary with
actual field conditions.

Because the soil contamination is oil-related, no significant volatile organic compounds (V OCs) are
expected to be in the extracted vapors, and, as we discussed, the vapor discharged will not be treated. To
verify that no VOCs are discharged, and evaluate vapor composition for full-scale system design SECOR
will collect one or more samples of the vapor discharge during the pilot test. Samples will be collected in
a Tedlar bag and analyzed for total petroleum hydrocarbons (TPH), and at least one sample will be
analyzed for VOCs.

Please contact us at (503) 691-2030 if you have any questions about this pilot test.

Sincerely,
SECOR International Incorporated

WWM

Steven R. Hammer, P.E.
Associate Engineer

SRH/ald

7730 50 Mobeawk Street, PO Box 1508, Trelatin, OR Q7062-1508 (50.3) 691-20.30 (50)3) OV2-707F Fax et secor.cotl




SECOR

fiternational Incorporaltcd

January 6, 2000 SeH

Mary Shaleen Hansen

UIC Program Coordinator

Water Quality Program
Washington Department of Ecology
P.0O. Box 47600

Olympia, Washington 98504-7600

RE:  Injection Well Registration
Former Columbia Marine Lines Site

6305 Lower River Road, Vancouver, Washington
SECOR PN: 015.08484.500

Dear Ms. Shaleen Hansen:

Attached is a Registration Form for the injection well that we spoke about this week. Please direct
any coorespondence regarding the Registration Form to me at SECOR International Incorporated.

If you have any questions, please feel free to contact me at (503) 691-2030.

Sincerely,
SE RInter%ona Incorporated

-2 a“__-—J
Stéven R. Hammer, P.E.
Associate Engineer
SRH:ald

Attachments

Yodftoteedd St P00 Mooy FROSE Ppeylepiin, DO Q700 2 L300 0 R Loaatdf e e Yo BEN IR SO Tl




Please complete to the best of your knowledge and return to: UIC Coordinator, Water Quality Program,
Department of Ecology, PO Box 47600, Olympia, WA 98504-7600; Fax (360) 407-6426. Attachments to
provide additional information are welcomed. Thank you.

REGISTRATION FORM
AQUIFER REMEDIATION WELL (CLASS 5X26)*

1.  Facility:  Columbia Marine Lines (Former)

Address: 6305 Lower River Road City Vancouver

Zip: 98666 County _Clark Phone _None

Township: 2n  Range 1r Section 44 YaSection yw % ¥ Section _gy

Cross Streets: North/South 014 Lower River Rd East/West Lower River Road

Latitude  45939'00" Longitude 122944 725"

Other: N

2. Operator/Contact: _Steven Wilson, Crowley Marine Serv.Phone (206) 443-8042

Address: 2401 Fourth Averme, P.0. Box 2287

Seattle, Washington 98121

3. Owner/Operator: _ vanalco, Inc. Phone (360) 696-8775

Address: 5701 NW Lower River Road, P.O. Box 9805

Vancouver, Washington 98666

4. Injection Start Date:  1-24-2000 Date Completed: 12-31-2004

5. Cleanup Type: CERCLA O RCRA [0 MTCA Independent [0 MTCA Order &1 Order [

6. Water Discharge Permit Number: not applicable  Issued By

7. Existing Ground Water Quality: Existing groundwater contains up to 2 mg/L

TPH-g and 17 mg/L TPH-d.

*Wells for the purpose of this registration inject stormwater not contaminated by commercial or industrial sources and are either
greater than 50 feet deep, or inject through confining layers, or inject directly into ground water.

ECY 040-46 Rev. 9/96



8.  Number and Description of Wells/Trenches: _©ne 120 foot trench constructed

as shown on Figure 1.

9.  Ground wateris __ s fi aboveircle which) bottom of well. Date  / / /

Based on: Well log (@ Measurement [1 Estimate [0 from May 6, 1999

10. Injected Fluid: Source _Treated Groundwater Volume 200 gallons per day

Constituents/Concentration <1-0 mg/L TPH-g, {1.0 mg/L TPH-d.

Treatment Methods oi1/water separation and activated carbon.

Fine to medium-grained sand from 0-13 feet below ground surface

11. Geology:

(bgs) , and firm silt below. Groundwater was at 9.5 fe.et bgs on May 6, 1999.

12. Comments: None

13. Location Sketch

See attached Figure 2.

14. Completed by:

Ecology is an Equal Opportunity and Affirmative Action employer. For special accommodation needs
contact the Water Quality Program at (360) 407-6600. The TDD number is (360) 407-6006.
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FIELD DATA SHEETS

Dual Phase Extraction and Bioventing Pilot Test Report
Former Crowley Marine Lines Facility

6305 Lower River Road

Vancouver, Washington
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May 19, 2000
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APPENDIX E

AIR SAMPLE LABORATORY ANALYTICAL REPORTS
Dual Phase Extraction and Bioventing Pilot Test Report

Former Crowley Marine Lines Facility

6305 Lower River Road

Vancouver, Washington

SECOR PN: 015.08480.006
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Seattle 18939 120th Avenue ME, Suite 101 Botheil, WA 98011-9508

4254209200 tax 4264209210
™ Spokane Fasl 11115 Montgamery. Suite B, Spakang. WA 99206-4776
500.924 9200 fax 509.924.9290
Portland 9405 SW Nimbus fvenue, Beavertan, OR 87008-7132
503.906.9200 fax 503.906.9210

Bend 20332 Empire Avenue. Suite F-1, Bend, OR 97701-5711
www.ncalabs.com 5113839310 1 541 282 7508

Secor Project: Crowley - Vancouver, WA Sampled: 2/23/00
P.O. Box 1508 Project Number: 015.08480.500 Received: 2/24/00
Tualatin, OR 97062 Project Manager: Brian Pletcher Reported:  2/29/00 16:40

ANALYTICAL REPORT FOR SAMPLES:

Sample Description Laboratory Sample Number Sample Matrix Date Sampled

VE-022300 P002454-01 Air 2/23/00

North Creek Analytical - Poptand The results in this report apply to the samples analyzed in accordance with the chain of custody document.
< This analytical report must be reproduced in its entirety.
North Creek Analytical, Inc. '

Tisa Domenighin, Prject Manager Environmental Laboratory Network Page 1 of 4




Seallle V8930 1201 Aveie 101 Bathiel WA 98011-2506

425 420 9200 lax 425420 9210
T Spokane East 11115 Mantgomery Suile B Spokane WA Q9206-4776
509 924 9200 tax 509 824 92490
portiand 9405 SW Nimbus Avenue, Beaverion, OR 970087132
503 9069200 fax 503.906 9210

Bend 20232 Ermpire Avanue Sule F-1 Bend OR 977015711
www.ncalabs.com 541 3839310 1ax 591.382.7588

Secor Project: Crowley - Vancouver, WA Sampled: 2/23/00
P.O. Box 1508 Project Number: - 015.08480.500 Received: 2/24/00
Tualatin, OR 97062 Project Manager: Brian Pletcher Reported: 2/29/00 16:40

Gasoline Hydrocarbons per NW TPH-Gx Method and BTEX per EPA Method 8021B
North Creek Analytical - Portland

Batch Date Date Surrogate Reporting
Analyte Number Prepared  Analyzed Limits Limit Result Units Notes*
VE-022300 P002454-01 Air
Benzene 0200681  2/25/00 2/25/00 0.0500 0.0709 mg/m* Air
Toluene " " " 0.0500 0.496 "
Ethylbenzene " " " 0.0500 0.344 "
Xylenes (total) " " " 0.100 1.82 "
Gasoline Range Hydrocarbons " " " 8.00 20.8 "
Surrogate: 4-BFB (FID) G " oo 50.0-150 - 105 %
Surrogate: 4-BFB (PID) * il " 50.0-150 115 r
VE-022300 P002454-01 Air
Benzene 0200681  2/25/00 2/25/00 0.0154 0.0022 ppmv
Toluene " " " 0.0131 0.130 "
Ethylbenzene " " " 0.0113 0.0780 "
Xylenes (total) " " " 0.023 0.413 "
Gasoline Range Hydrocarbons " " " 1.92 5.0 "
Surrogate: 4-BFB (FID) ' Z o # 50.0-150 ' ' 105 % -
Surrogate: 4-BFB (PID) Y # " 50.0-150 115 i
North Creek Analytical - Portland . *Refer to end of report for text of notes and definitions.

% North Creek Analytical, Inc.

Tisa Domenighini, Project Manager Envirenmental Laboratory Network

Page 2 of 4




@ "caW
www.ncalabs.com

Seallle
Spokane

Portland

18939 12010 Avenue NE. Siite 107 Bothell WA 98011 JA0E
4264209200 Lax - 18210

Fast 11115 Montgomery, Swite B Spokane. WA 99206-4776
509.924.9200 fax 509 924 5290

0405 SW Mimbus Avenue Beaverton, OR 87008-7132

5003.906.9200 fax 503 9069210
20332 Empire Avenue Suile T-1, Bend, OR 2/701-5711
541 3839310 fax 5413082 7588

Secor Project: Crowley - Vancouver, WA Sampled: 2/23/00
P.O. Box 1508 Project Number: 015.08480.500 Received: 2/24/00
Tualatin, OR 97062 Project Manager: Brian Pletcher Reported:  2/29/00 16:40

Gasolme Hydrocarbons per NW TPH-Gx Method and BTEX per EPA Method Sole/Quality Control

North Creek Analytlcal Portland -
Date Spike Sample QC Reporting Limit Recov. RPD  RPD

Analyte Analyzed Level Result Result Units Recov. Limits % Limit % Notes*
Batch: 0200681 Date Prepared: 2/25/00 Extraction Method: EPA 5030
Blank 0200681-BLK1
Benzene 2/25/00 ND mg/m® Air 0.0500
Toluene " ND ¥ 0.0500
Ethylbenzene Y ND " 0.0500
Xylenes (total) " ND " 0.100
Gasoline Range Hydrocarbons " ND " 8.00
Surrogate: 4-BFB (FID) " ' 50.0 504 “ 50.0-150 101
Surrogate: 4-BFB (PID) " 50.0 556 " 50.0-150 11
LCS 0200681-BS1
Gasoline Range Hydrocarbons 2/25/00 500 428 mg/m® Air 50.0-150 85.6
‘Surrogate: 4-BFB (FID) I 50.0 53.1 v 50.0-130 106 o
LCS 0200681-BS2
Benzene 2/25/00 10.0 9.88 mg/m?® Air 65.0-120  98.8
Toluene " 10.0 9.12 " 65.0-120 912
Ethylbenzene " 10.0 8.82 " 65.0-120  88.2
Kylenes (total) " 30.0 254 g 65.0-120  84.7
Surrogate: 4-BFB (PID) e 50.0 567 " 50.0-150 113
LCS Dup 0200681-BSD2
Benzene 2/25/00 10.0 11.0 mg/m’ Air 65.0-120 110 50.0 10.7
Toluene " 10.0 10.7 " 65.0-120 107 50.0 15.9
Ethylbenzene " 10.0 11.2 " 65.0-120 112 500 238
XKylenes (total) " 30.0 335 " 65.0-120 112 500 278
Surrogate: 4-BFB (PID) 2 500 58.8 " 50.0-150 118
Duplicate 0200681-DUP1 P002414-01
Gasoline Range Hydrocarbons 2/25/00 51.3 51.7 mg/m? Air 50,0 0.777
‘Surrogate: 4-BFB (FID) w 50.0 577 ¥ 50.0-150 115

North Creek Analytical - Portland

S

Lisa Domenighini, Project Manager

*Refer to end of report for text of notes and definitions.

North Creek Analytical, Inc.
Environmental Laboratory Network

Page 3 of 4



@ nca1 M
www.ncalabs.com

Seallle
Spokane
Portland

Bend

180305 120t Avenue W0 Swte 101, Bothell, Wh 58011-9508

425 320 9200 iy 425 4209210

East 14 v Suite B Spokane. WA 99206-1776
7 24,9290

s Beaverton, OR 9/008-7132

a06 4210

St F-1 Bend, OR 97701-5711

> 1387 THES

Secor Project: Crowley - Vancouver, WA Sampled: 2/23/00

P.O. Box 1508 Project Number: 015.08480.500 Received: 2/24/00

Tualatin, OR 97062 Project Manager: Brian Pletcher Reported:  2/29/00 16:40
Notes and Definitions

# Note

DET Analyte DETECTED

ND Analyte NOT DETECTED at or above the reporting limit

NR Not Reported

dry Sample results reported on a dry weight basis

Recov. Recovery

RPD Relative Percent Difference

North Creek Analytical - Portland

—

Lisa Domenighini, Project Manager

North Creek Analytical, Inc.
Environmental Laboratory Network
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APPENDIX F

BIODEGRADATION RATE CALCULATIONS
Dual Phase Extraction and Bioventing Pilot Test Report
Former Crowley Marine Lines Facility

6305 Lower River Road

Vancouver, Washington

SECOR PN: 015.08480.006

May 19, 2000



APPENDIX F
Biodegradation Rate Calculations

Rate Eguation

From Leeson and Hinchee (1995), the biodegradation rate in terms of mg hexane-equivalent per Kg soil
per day is estimated as
kB = -ko X 93 XpPo2 X C(OOI)
P

where: kz = biodegradation rate (mg/kg-day)
k, = oxygen utilization rate (%0O,/day)
0, = gas-filled pore space (m*gas/cm’soil)
Poz = oxygen density (mg/L) = 1,331 @ 68°F
C = mass ratio of hydrocarbon to oxygen required for mineralization = 1/3.5
pr = soil bulk density (g/cm’)(dry soil)

Pore Space Parameter
Gas-filled pore space is calculated as follows:
ea =0- BW =0- M(pk"’pl“)

where: 0, = gas-filled pore space
6 = total porosity
0,, = water-filled porosity
M = soil moisture (g-moisture/g-soil)
pr = soil bulk density (estimate at 2.65 g/cm®)(mineral)

Based on the soil analytical data from samples collected September 14, 1999, the soil moisture varies
from approximately 16% to 28% in site soils. An average moisture content of 22% was used in the
calculations. The upper layer of site soils in which the Bioventing Pilot Test was conducted consist
primarily of medium density mixed grain sand; therefore, values of 8 = 0.35 and py = 1.72 were used
(Table 1-7 from Leeson and Hinchee, 1995).
0,=0 - M(pi/p1)
6, =0.35-0.22 (1.72/2.65)
6,=0.21

ks = (ko )(0a)( P02 )(C)(0.01)
P

ks = -k, (0.21)(1,331)(1/3.5)(0.01)
.72

kg = -0.46k,



Bioremediation Rate Estimate

Three pilot test runs were conducted, and oxygen levels were measured in monitoring wells for a period
of several hours after the blower was shut down. For Run One, vacuum influence was observed at P-1D,
P-2D, and MW-8. The observed oxygen depletion rates (Figure 7) were -48% O, in 24 hours, -19 %0, in
24 hours, and —15% O, in 24 hours, respectively. For Run Two, only MW-8 was monitored, and the
initial oxygen depletion rate was -192% O,. For Run Three, vacuum influence was observed at P-3D and
P-4D. The initial oxygen depletion rates were -126% O, and -552% O, in 24 hours, respectively.

Oxygen depletion rates for each run and well and the calculated hydrocarbon degradation rate are
included on Table 8. An example of the calculation follows, using a k, of -192% 0,/day:

kB =.0.46 (192(%)02.'Iday)
ks = -88 mg/Kg per day
BIBLIOGRAPHY
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