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To:
Mr. Jerome Cruz
Washington Department of Ecology
Northwest Region Office
3190 160th Avenue SE
Bellevue, WA 98008-5452

CC:
Shell Oil Products US
HSE – Environmental Services
Delivery Group – US Region

AECOM
111 SW Columbia
Portland, OR 97201
aecom.com

Project name:
Shell Seattle Terminal 

Project ref:
Consent Decree 99-2-07176-0SEA

From:
Nicky Moody

Date:
March 28, 2018

 

Memo
Subject: Bio-Sparging System Installation 

AECOM, on behalf of Equilon Enterprises LLC dba Shell Oil Products US (Shell), submits the following 
memorandum summarizing installation and planned operation and maintenance procedures of the bio-sparging 
system in the TX-03A Area of the Seattle Terminal. The bio-sparging system was installed in accordance with 
Consent Decree No. 99-2-07176-0SEA Section XI. 

This memorandum includes the following attachments: 

A. Installation permits 

B. Bio-sparging system as-built

C. Bio-sparging boring/well logs

D. Bio-sparging system installation photograph log

E. Operation and maintenance schedule

F. Investigation-derived waste disposal manifests

G. Bio-sparging system survey

H. Template field forms



Memo - Bio-Sparging System Installation
Shell Seattle Terminal

AECOM
2/7

1. Location

The Shell Harbor Island Terminal is a petroleum distribution facility located on Harbor Island, located
approximately one mile southwest of downtown Seattle at the mouth of the Duwamish River (Figure 1). The site
is comprised of three parcels; 2555 13th Avenue SW, 1835 13th Avenue SW, and 1711 13th Avenue SW. These
parcels are designated as the Main Tank Farm, North Tank Farm, and Shoreline Manifold Area, respectively.

This Technical Memorandum documents the installation and startup of the bio-sparging system, located in the
TX-03A Area (Figure 2), adjacent to SW Florida Street (16th Ave SW). The TX-03A Area includes the northern
portion of the Main Tank Farm, a City of Seattle public parking lot (City parking lot) and associated City of Seattle
public walkway (City walkway). The Olympic Pipeline, a BP-owned petroleum pipeline, carries petroleum from
west to east under the City parking lot.

2. Summary of Installation Activities

Installation of the bio-sparging system involved the following activities:

· Obtain permits from the Seattle Department of Transportation (SDOT)

· Installation of 37 bio-sparging wells: 19 within the City parking lot (BSW-1 through BSW-19) and 18
within the northern portion of the Main Tank Farm (BSW-20 through BSW-37)

· Installation of aboveground system piping (trunklines and laterals) within the Main Tank Farm

· Trenching and installation of system piping (trunklines and laterals) within the City parking lot and
walkway

· Site restoration within the City parking lot and walkway

· Installation of the bio-sparging system manifold (manifold), including the programmable logic controller,
electrical and sensory components, and associated air flow pipe

· System calibration, troubleshooting, and minor repairs

2.1 Permits

Prior to conducting installation activities, the following permits were obtained. Copies of the permits are provided
in Attachment A:

· SDOT Street Use Permit No. 313272 for closure of the City parking lot (issued July 14, 2016)

· SDOT Utility Permit (Major Utility Installation Permit) No. 316339 for trenching activities associated with
installation of the bio-sparging system (issued March 30, 2017)

· SDOT Utility Permit (Annual Permit) No. 328030 for installation and operation of bio-sparging system in City
of Seattle parking lot (issued April 3, 2017)

2.2 Monitoring Well Installation

Monitoring wells MW-313, MW-314, MW-315 were installed in July 2016 to monitor effectiveness of the bio-
sparging system. Well installation activities are described in detail in the 2016 Annual Compliance Monitoring
Report for Shell Harbor Island Terminal (AECOM 2017).
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2.3 Bio-Sparging Well Installation

AECOM oversaw installation of 37 bio-sparging wells in November 2016 (BSW-1 through BSW-37). Each bio-
sparging well was installed as described in the bio-sparging system as-built, provided in Attachment B.
Attachment C provides boring and well construction logs for the bio-sparging wells.

2.3.1 Boring Advancement

Each bio-sparging well was initially advanced to a depth of 5 feet by Cascade Drilling using high vacuum
extraction and air-knifing methods to minimize impacts to unknown or abandoned buried utilities. The borings
were then advanced to 15 feet below ground surface (bgs) using an 8-inch diameter hollow stem auger (see
Photograph 1, Attachment D). In addition, four borings (BSW-12, BSW-19, BSW-20, and BSW-35) were initially
advanced by a direct-push drill rig fitted with a macrocore liner to allow for lithologic assessment and field
screening. These four borings were sampled continuously from 5 to 15 feet bgs. For the remaining 33 borings,
soil cuttings generated during hollow-stem auger drilling were periodically sampled. Sampling and field
screening included inspection of the cuttings and classification of the soil lithology using the Unified Soil
Classification System.  The volatile organic carbon (VOC) content and lower explosive limit in the breathing zone
was tested by photoionization detector.

Prior to commencement of drilling and well installation activities, Cascade Drilling obtained all required start
cards from the Washington State Department of Ecology (Ecology). Prior to drilling at each location, the drilling
augers and rods were decontaminated using a solution of Alconox with potable water followed by a rinse.

2.3.2 Bio-Sparging Well Installation

Bio-sparging wells BSW-1 through BSW-37 were installed upon completion of the borings in accordance with
Ecology regulations set forth in Washington Administrative Code (WAC) 173-160. The bio-sparging well
specifications are listed below:

· One-inch diameter, Schedule 40 polyvinyl chloride (PVC) well casing to 13 feet bgs

· One-inch diameter, 0.010-inch slotted PVC well screen placed from 13 to 15 feet bgs

· 10/20 clean Colorado silica sand filter pack from the bottom of the boring to 1 foot above the screen
interval (12 to 15 feet bgs)

· Bentonite chip seal placed above the filter pack to approximately 10 feet bgs and hydrated with clean
water

· Cement-bentonite grout was placed above the bentonite chip seal to approximately 1 feet bgs

· For wells within the Main Tank Farm area, a flush-mount, traffic-rated well box was then installed at
ground surface and concrete mix was placed around the well box from approximately 0.5 to 1 feet bgs.
Washed rock from the surrounding area was then used to backfill the remaining annular space to ground
surface (see Photograph 2, Attachment D). For wells within the City parking lot, concrete mix was placed
around the well and smoothed to match the surrounding asphalt surface grade.

· The top of each well casing was fitted with a PVC tee junction. A pressure gauge port was installed on
top of the tee and a ball valve was connected to the side port of the tee. One-inch PVC piping was
routed below the well box skirt and attached to the lateral air supply lines.

Well construction details are included on the boring/well logs presented in Attachment C.
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2.4 System Installation

The bio-sparging system consisted of the manifold, six trunklines (AS-1 through AS-6) that transport compressed
air from the manifold to the bio-sparging area, and 37 laterals that transport compressed air from the trunklines
to each bio-sparging well. Trunklines AS-1, AS-2, and AS-3 are located within the City parking lot; trunklines AS-
4, AS-5, AS-6 are located within the Main Tank Area. Attachment E lists system components installed at the
manifold and on the bio-sparging lines.

System installation occurred in two phases. Between November 28 and December 2, 2016, the main trunklines
and laterals were installed within the Main Tank Farm. Trunklines and laterals within the City parking lot and
walkway were installed between April 17 and April 21, 2017, after AECOM received the permits from SDOT for
the installation and operation of the bio-sparging trunklines and laterals within the City parking lot and walkway.
The site restoration in the City parking lot and walkway was completed and approved by the City of Seattle on
May 2, 2017.

The manifold was constructed in November 28 through 30, 2016 and April 17 through May 3, 2017. System
calibration, troubleshooting, and minor repairs were completed in May 2017.

System startup commenced on May 25, 2017.

2.4.1 Manifold Installation

The manifold was constructed by Cowlitz Clean Sweep (CCS) in November 28 through 30, 2016 and in April 17
through May 3, 2017 (See Photographs 3 through 6, Attachment D). The manifold is in the bio-sparging
equipment compound, on the exterior of the west terminal wall of the Main Tank Farm in the Manifold Area
(Figure 2). The manifold is described in detail in the as-built drawings (Drawings F03 and F04, Attachment B); 
manifold materials are summarized in Attachment E and include: Pressure gauges, pressure transmitters, an in-
line air filter, a pressure regulator, a pressure relief valve, solenoid and ball valves, check valves, flow sensors
and flow meters, an air velocity meter, a thermometer, header pipe struts, and air and electrical conduit.

Between April 24 and May 25, 2017, Direct Electric wired electric components of the bio-sparging system,
including the Programmable Logic Controller (PLC), electrical sensors (e.g. flow meters), and physical regulatory
components (e.g. solenoids). Direct Electric also calibrated the system controller.

The PLC is a Sensaphone Sentinel Monitoring System (Product number SCD-1200). Features of the Sentinel
Monitoring System include a supervised internet connection, storage of sensor readings in “the cloud”, able to
send notifications through an Internet or cellular connection to an unlimited number of people by e-mail, text
message or voice phone calls in the event of an alarm, up to twelve external sensors.

2.4.2 Trenching

Trenches were advanced within the City parking lot and walkway for installation of the trunklines for AS-1 and
AS-2 and lateral lines from AS-1, AS-2, and AS-3 (see Photographs 7 and 8, Attachment D). Trenching was not
performed for trunklines and associated laterals for AS-4, AS-5, and AS-6 (within the Main Tank Farm), because
these trunklines were installed above ground surface. Multiple aboveground pipes are already present in this
area, and Shell maintains standard operating practices to prevent damage to pipes in the Main Tank Farm.
Trunkline AS-3 and portions of AS-1 and AS-2 within the City walkway were placed on ground surface and
covered with asphalt, as described in Section 2.4.4.

Asphalt within the parking lot was saw-cut by American Concrete Cutting on April 17, 2017 to a minimum of 4
inches bgs. An extruded concrete curb, present along the western and south sides of the City parking lot, was
also saw-cut to ground surface in the areas where trenching crossed the curbs. The cut materials were removed
from ground surface using a mini-excavator and placed into lined roll-off dumpster via a skid-steer.

Trenches were advanced on April 18 through 20, 2017 by CCS using high vacuum extraction/air-knifing methods
or mechanical excavation by a mini excavator. Approximately 150 linear feet of trench was advanced to install
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the trunkline for AS-1 and AS-2 and an additional 163 linear feet of trench was advanced to install lateral lines
from AS-1, AS-2, and AS-3 to bio-sparging wells. Fill material underlying the asphalt was removed to
approximately 2 feet below the asphalt surface. The extracted soil was placed in a lined and covered roll-off soil
bin.

2.4.3 Pipe Installation

An existing compressed air supply is present along the interior of the west terminal wall of the Main Tank Farm,
south of the TX-03A Area. Additionally, an existing electrical panel is present south of the TX-03A Area, on the
exterior of the Main Tank Farm wall, within the Terminal rail yard. These utilities were extended northward along
the inside face of the west terminal wall. The air supply was extended using galvanized 1-inch diameter pipe.
The electrical conduit consisted of 3/4-inch diameter galvanized piping. The air supply piping was connected to
the manifold, as detailed in Drawing F03, Attachment B.

Trunklines AS-1 through AS-6 transport compressed air from the manifold to the bio-sparging wells. Each
trunkline is constructed of 2-inch Schedule 80 PVC. Lengths of PVC are connected by Schedule 80 couplings
and sealed with low-VOC solvent weld primer and cement. As needed, pipes are connected by Schedule 80
PVC elbows with 45-degree or 90-degree angles and sealed. Photographs 9 through 12 (Attachment D) show
pipe installation for trunklines AS-1 through AS-3.

Trunklines AS-4, AS-5, and AS-6, located entirely within the Main Tank Farm, were installed aboveground. The
pipes were banded with red and white 2-inch reflective tape at 6-foot intervals to identify the potential trip hazard
(See Photograph 13, Attachment D). Three warning signs identifying “Trip Hazard/Above Ground Pipes” were
also installed within the Main Tank Farm near BSW-30, BSW-32, and BSW-36.

Lateral piping directs compressed air from the trunklines to each bio-sparging well. Lateral piping consists of
1-inch Schedule 80 PVC. A 2-inch Schedule 80 PVC wye fitted with a 1-inch Schedule 80 PVC reducer bushing
was used to connect each lateral to the trunkline. All PVC connections between the trunklines and laterals were
sealed with low-VOC cement.

Prior to trench backfilling and site restoration, each pipe and trunkline was tested for air leaks. Additional cement
was used as needed to close leaks in fittings.

2.4.4 Trench Backfilling and Restoration

After installation of pipes, trenches within the City parking lot and walkway were backfilled by CCS to
approximately 4 inches bgs with controlled density fill (City of Seattle STD Specification 9-01.5), see photograph
14, Attachment D.

Site restoration was completed by Roads Paving, with oversight by AECOM, in April and May 2017. The
trenches for trunklines AS-1 and AS-2 were filled from 4 inches bgs to ground surface with hot mix asphalt and
compacted by a vibratory drum roller. The trenches for the laterals from AS-3 were filled with cold patch asphalt
and compacted by roller and by hand tamp. After compaction, the interface between the new asphalt and the
existing asphalt was sealed with a hot-applied thermoplastic sealant (See Photograph 15, Attachment D).

A portion of the AS-3 trunkline was placed aboveground in the City parking lot between the extruded curb and
the northern wall of the Main Tank Farm. In addition, trunklines AS-1 and AS-2 are aboveground within the City
walkway. Aboveground portions of trunklines AS-1 and AS-2 were covered with cold patch asphalt and tamped
in place by hand. This asphalt rollover was painted with approximately 24-inch yellow bands placed at 24-inch
intervals to indicate the trip hazard (See Photograph 16, Attachment D). Portions of AS-3 and associated laterals
within the City parking lot were covered with cold patch asphalt and hand-tamped.

CurbPro repaired the cut extruded curbs by placing concrete and using hand trowels to shape the concrete.
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2.5 Investigation-Derived Waste

Investigation-derived waste (IDW) included soil cuttings from bio-sparging well installation and trenching,
construction debris from trenching, and water generated from decontamination of drill augers. IDW soil and
construction debris was placed in 55-gallon drums or roll-off bins and transported to Columbia Ridge Landfill in
Arlington, Oregon as petroleum-impacted soils (Attachment F). IDW water was placed in 55-gallon drums. On
December 21, 2016, Stericycle removed 31 drums of soil cuttings and 2 drums of decontamination water from
the site.

2.6 Site Survey

Locations of the bio-sparging wells, trunklines, and laterals were surveyed on May 30, 2017 by Plog Consulting
using a 3-second Leica Viva TS15 Smart Pole Total Station with RTK GPS. Elevation was established using the
North American Datum of 1983 and the North American Vertical Datum of 1988. The survey is provided in
Attachment G.

2.7 Deviations from Work Plan

Deviations from the work plan were limited and are not expected to affect performance of the bio-sparging
system. The engineering design was included in the permit package for SDOT permit 316339 (Attachment A).

The trunkline for AS-2 was extended further east and terminated at the same eastern limit as AS-1 and the
locations of some bio-sparging wells were moved slightly. This change was made to streamline the installation of
piping and organize the bio-sparging wells in the City parking lot into zones defined by an east-west alignment.
Bio-sparging wells were re-numbered in the field. The final well locations and identifications are depicted in
Attachment B.

3. System Startup

On May 25, 2017, the bio-sparging system was turned on. The system was initially programmed to cycle
between trunklines every 10 minutes with an average flow rate of 8.3 cubic feet per minute (cfm). Pressure at
bio-sparging wells was monitored at the beginning, middle, and end of each cycle. Pressures at all wells were
fairly constant throughout the cycle duration (10 minutes) and typically varied by approximately 0.5 psig. This
indicates that the cycle timing of 10 minutes per cycle does not result in a buildup or collapse of pressure around
each bio-sparging well.

The Figure 3 summarizes air flow rates and cumulative volume of air injected into the bio-sparging wells from
system startup (May 25, 2017) until September 26, 2017. As shown in Figure 3, the bio-sparging system was
turned off periodically to allow for semi-annual groundwater monitoring at the Seattle Terminal (see AECOM,
2018).

The bio-sparging system was optimized to the minimum pressure that could be detected by the pressure gauges
in the manifold. The low pressure increases the oxygen content of the groundwater and enhances
biodegradation without increasing volatilization of VOCs in groundwater.

The air flow rate ranged from 0.0 to 46.0 cfm on May 25, 2017. On May 26 through noon (central time) on June
1, 2017, the air flow rate ranged from 5.7 to 8.9 cfm, with an average of 7.2 cfm. Starting at 1 pm on June 1,
2017, the flow rate was reduced to an average of 1.7 cfm (from 1.3 to 2.2 cfm).

Repairs conducted during system startup and optimization included the following:

· On May 25, 2017, during system startup, a disconnected section of piping was identified on the lateral line
connection to well BSW-26 (trunkline AS-4). AECOM re-connected and glued the piping. Minor leaks were
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also identified from fittings at the manifold and along the compressed air conveyance piping during startup.
Fittings were subsequently tightened and leaks were eliminated.

· On November 13, 2017, an additional low-point drain was installed on the system air compressor supply
line. The drain valve was located on the interior of the Main Tank Farm wall where the compressor line
crosses over to the Manifold Area.

4. Operation and Maintenance Requirements

Maintenance requirements include assessments of the manifold components, air regulators and transmitters,
piping, and asphalt placed during site restoration activities. Attachment E provides a summary of system
components and the associated maintenance for each component. Attachment H provides template field forms
for logging system inspections and repairs.

5. References

AECOM. 2017. Annual Compliance Monitoring Report 2016, Shell Harbor Island Terminal, Seattle, Washington.
May 2017.

AECOM. 2018. Annual Compliance Monitoring Report 2017, Shell Harbor Island Terminal, Seattle, Washington.
February 2018.
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Attachment A
Installation Permits
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Attachment B
Bio-Sparging System As-Built
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AECOM Appendices Environment

Bio-Sparging System Installation Memorandum April 2018

Attachment C
Bio-Sparging Boring/Well Logs



Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
GRAVELLY SAND with SILT Dark grey to black. Fine to coarse grained
sand. Asphalt and some metal debris.

SAND Black, moist. Fine to medium grained sand. Slight hydrocarbon
odor.

Grades to dark grey to black, moist to wet. Trace fines. Moderate
hydrocarbon odor.

Grades to wet.

Strongest hydrocarbon odor (7-10 feet below ground surface).

Boring terminated at 15 feet below ground surface.
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/18/2016 - 11/21/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

5 feet bgs, 11/21/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.

SILTY SAND with GRAVEL Tan to dark brown.

SAND Dark grey to black, moist to wet. Fine to medium grained sand.
Trace fines. Occasional shell fragment. Slight hydrocarbon odor.

Grades to wet. Sheen observed.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/11/2016 - 11/21/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

D. Lewis and L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

5 feet bgs, 11/21/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.

SILTY SAND with GRAVEL Tan to black. Fine grained sand.

Grades to grey to black sand and silt. Fine grained sand.

SAND Black, wet. Medium grained sand. Hydrocarbon odor.

Grades to grey-brown. Slight hydrocarbon odor.

Boring terminated at 15 feet below ground surface.
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/11/2016 - 11/11/2016

Bentonite

Drill Rig
Type

See Figure

Drilling
Method

Location

D. Lewis

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feetTotal Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA

0

2

4

6

8

10

12

14

16

18

20

Project Number:

Project:    Shell Seattle Harbor Island Terminal

Sheet 1 of  1

Log of Boring/Well BSW-3
R

ep
or

t:
 P

O
R

T
_E

N
V

_P
ID

_W
E

LL
;  

 F
ile

: S
H

E
LL

 S
E

A
T

T
LE

 T
E

R
M

IN
A

L 
- 

N
O

V
 2

01
6.

G
P

J;
   

3/
26

/2
01

8 
  

B
S

W
-3



Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
GRAVELLY SAND with SILT Dark grey, dry to moist. Fine to coarse
grained sand. Fine to coarse, subangular gravel. No hydrocarbon odor.
SAND with GRAVEL Dark grey to black, moist. Fine to medium grained
sand. Cobbles at 2 to 3 feet bgs. Hydrocarbon odor increases with depth.

SAND Dark grey to black, moist to wet. Fine to medium grained sand.
Trace fines and occasional gravel. Hydrocarbon odor.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/18/2016 - 11/21/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

5 feet bgs, 11/21/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.

SAND and GRAVEL Brown.

SANDY SILT with GRAVEL Grey, moist.

SAND Dark grey to black, moist. Find to medium grained sand. Trace
fines. Hydrocarbon odor.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/11/2016 - 11/21/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

D. Lewis and L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/21/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA

0

2

4

6

8

10

12

14

16

18

20

Project Number:

Project:    Shell Seattle Harbor Island Terminal

Sheet 1 of  1

Log of Boring/Well BSW-5
R

ep
or

t:
 P

O
R

T
_E

N
V

_P
ID

_W
E

LL
;  

 F
ile

: S
H

E
LL

 S
E

A
T

T
LE

 T
E

R
M

IN
A

L 
- 

N
O

V
 2

01
6.

G
P

J;
   

3/
26

/2
01

8 
  

B
S

W
-5



Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
SAND and SILT with GRAVEL Brown.

SAND with GRAVEL Grey. Fine grained sand.

SAND Black, wet. Medium grained sand. Strong hydrocarbon odor.

Boring terminated at 15 feet below ground surface.
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T
yp

e
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/11/2016 - 11/18/2016

Bentonite

Drill Rig
Type

See Figure

Drilling
Method

Location

D. Lewis

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feetTotal Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
SAND and GRAVEL Grey.

SAND with SILT and GRAVEL Brown. Fine grained sand.

SAND with GRAVEL Grey.

SAND Black, wet. Medium grained sand. Hydrocarbon odor.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/11/2016 - 11/18/2016

Bentonite

Drill Rig
Type

See Figure

Drilling
Method

Location

D. Lewis

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feetTotal Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
SAND and GRAVEL Brown.

Grades to dark brown.

SAND Black, moist to wet. Fine to medium grained sand. Trace fines.
Hydrocarbon odor, slight sheen.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION
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Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/11/2016 - 11/22/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

D. Lewis and L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/22/2016

Total Depth
of Borehole

Borehole
Backfill

Grab
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By

Project Location:   2555 SW 13th Street, Seattle WA

0

2

4

6

8

10

12

14

16

18

20

Project Number:

Project:    Shell Seattle Harbor Island Terminal

Sheet 1 of  1

Log of Boring/Well BSW-8
R

ep
or

t:
 P

O
R

T
_E

N
V

_P
ID

_W
E

LL
;  

 F
ile

: S
H

E
LL

 S
E

A
T

T
LE

 T
E

R
M

IN
A

L 
- 

N
O

V
 2

01
6.

G
P

J;
   

3/
26

/2
01

8 
  

B
S

W
-8



Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
GRAVEL Grey, moist. Cobble and sand. Fine to coarse gravel.

SILT and CLAY Grey, moist. Some Gravel. Strong hydrocarbon odor.

SAND Grey to black, moist. Fine to medium grained sand. Trace fines.
Moderate to strong hydrocarbon odor.

Grades to black, wet. Hydrocarbon odor, slight sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/21/2016 - 11/22/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

5 feet bgs, 11/22/2016

Total Depth
of Borehole

Borehole
Backfill

Grab
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
SAND and GRAVEL Grey.

Grades to light brown.

Grades to dark brown.

SAND Black, wet. Medium grained sand. Strong hydrocarbon odor.

Boring terminated at 15 feet below ground surface.
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Approximate
Surface Elevation
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Data
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Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/11/2016 - 11/18/2016

Bentonite

Drill Rig
Type

See Figure

Drilling
Method

Location

D. Lewis

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feetTotal Depth
of Borehole
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
SAND with GRAVEL Brown.

SAND Black, wet. Medium grained sand. Strong hydrocarbon odor.

Boring terminated at 15 feet below ground surface.
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N/A

Approximate
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Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/11/2016 - 11/18/2016

Bentonite

Drill Rig
Type

See Figure

Drilling
Method

Location

D. Lewis

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feetTotal Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
SAND with GRAVEL Coarse grained sand.

SAND Dark grey, moist to wet. Fine to medium grained sand. Trace fines.
Hydrocarbon odor and sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
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b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/18/2016 - 11/23/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

D. Lewis and L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

5 feet bgs, 11/23/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
SAND and SILT with GRAVEL Brown.

Grades to fine sand with gravel.

SAND Dark grey, moist to wet. Fine to medium grained sand. Trace fines.
Hydrocarbon odor, slight sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/18/2016 - 11/23/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

D. Lewis and L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

5 feet bgs, 11/23/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
SANDY GRAVEL with some SILT Black. Fine to coarse grained sand and
gravel.
SAND Black, moist. Fine to medium grained sand. Some gravel and trace
fines. Increasing hydrocarbon odor with depth.

Construct debris at 3 feet below ground surface.

Grades to wet. Trace fines. Hydrocarbon odor.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/18/2016 - 11/22/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/22/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
GRAVEL Grey, moist. Fine to coarse, subangular to angular. Some sand
and silt.

Grades to sand with gravel. Fine to medium grained sand. Trace
hydrocarbon odor.
Perched water at 2.5 feet bgs to 3 feet bgs.
SILT and CLAY Brown to grey, moist to wet. Some gravel. Hydrocarbon
odor.
SAND Dark grey to black, moist. Fine to medium grained sand. Trace
fines and gravel. Strong hydrocarbon odor.

Grades to wet. Slight sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e
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um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/21/2016 - 11/22/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/22/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
GRAVEL Grey, moist. Fine to coarse, subrounded to angular. Sand and
some fines.

Slight hydrocarbon odor.
SILT and CLAY Brown to grey, moist. Hydrocarbon odor.
SAND Dark grey to black, moist. Fine to medium grained sand. Trace
fines. Strong hydrocarbon odor.

Grades to wet. Hydrocarbon odor, slight sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/21/2016 - 11/22/2016

Bentonite

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/22/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
GRAVEL Grey, moist. Sand and trace fines. Hydrocarbon odor.

SILT and CLAY Brown to grey, moist. Trace gravel. Hydrocarbon odor.

SAND Dark grey to black, moist. Fine to medium grained sand. Trace
fines. Strong hydrocarbon odor.

Grades to wet. Strong hydrocarbon odor, slight sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/21/2016 - 11/22/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/22/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
GRAVELLY SAND Grey to black, moist. Fine to coarse, subrounded to
angular gravel. Fine to coarse grained sand. Hydrocarbon odor.

SILT and CLAY Grey, moist. Hydrocarbon odor.
SAND Dark grey to black, moist. Fine to medium grained sand. Trace
fines. Strong hydrocarbon odor.

Grades to wet. Hydrocarbon odor, slight sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/21/2016 - 11/23/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/23/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA

0

2

4

6

8

10

12

14

16

18

20

Project Number:

Project:    Shell Seattle Harbor Island Terminal

Sheet 1 of  1

Log of Boring/Well BSW-18
R

ep
or

t:
 P

O
R

T
_E

N
V

_P
ID

_W
E

LL
;  

 F
ile

: S
H

E
LL

 S
E

A
T

T
LE

 T
E

R
M

IN
A

L 
- 

N
O

V
 2

01
6.

G
P

J;
   

3/
26

/2
01

8 
  

B
S

W
-1

8



Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

Asphalt pavement.
GRAVEL Grey, moist. Sand, some fines and cobbles. Slight hydrocarbon
odor.

SAND Dark grey to black, moist. Fine to medium grained sand. Trace
fines. Strong hydrocarbon odor.

Grades to wet. Strong hydrocarbon odor, slight to moderate sheen.

Moderate hydrocarbon odor.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
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e

N
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/21/2016 - 11/23/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/23/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL 3/4", washed.
SILTY SAND Brown, moist. Fine to medium grained sand. Gravel.

SAND Black, moist to wet. Fine to medium grained. Trace fines and
occasional medium gravel. Strong hydrocarbon odor, sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/21/2016 - 11/23/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/23/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL 3/4", washed.
SILTY SAND Brown. Fine grained sand. Trace gravel.
SAND Dark grey to black, moist to wet. Fine to medium grained sand.
Trace fines.

Slight to strong hydrocarbon odor. Decreasing odor with depth.

Lens of dark grey to black silt with wood fragments.

Boring terminated at 15 feet below ground surface.
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Surface Elevation
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Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
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Drilling
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11/9/2016 - 11/10/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
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By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/10/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL Fine to coarse, subrounded gravel.
SAND Black, moist to wet, loose. Fine to medium grained sand. Trace
fines.

Perched water at 2 feet bgs to 2.5 feet bgs.

SAND Dark grey to black, wet. Trace fines. Strong hydrocarbon odor,
slight to moderate sheen.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/14/2016 - 11/15/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/15/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL Fine to coarse, washed, subrounded gravel.
SAND Black, moist to wet, loose. Fine to medium grained sand. Trace
fines. Moderate hydrocarbon odor.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/14/2016 - 11/15/2016

Bentonite

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/15/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL Fine to coarse, washed, subrounded gravel.
SAND Black, moist to wet, loose. Fine to medium grained sand. Trace
fines. Moderate hydrocarbon odor.

1.5-inch diameter branch.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/14/2016 - 11/15/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/15/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL Fine to coarse, washed, subrounded gravel.
GRAVELLY SAND Dark grey, moist. Fine to coarse grained sand. Fine to
coarse gravel. Trace fines and roots.
SAND Black, moist. Fine to medium grained sand. Trace fines and
occasional fine to coarse gravel.

Grades to fine to medium grained sand.

Grades to strong hydrocarbon odor, slight sheen.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/14/2016 - 11/16/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/16/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

CRUSHED ROCK Grey, moist. 3/4".

GRAVEL Grey, moist. Fine to coarse, subrounded gravel.
Perched water at 1.5 feet bgs to 2 feet bgs.
SAND Dark grey to black, moist. Fine to medium grained sand. Trace
fines. Strong hydrocarbon odor.

Grades to black, wet. Slight sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/15/2016 - 11/16/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

7 feet bgs, 11/16/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL Fine to coarse, subrounded gravel.
SAND and GRAVEL Grey, moist to wet. Fine to coarse grained sand. Fine
to coarse, subrounded to angular gravel.
SAND Dark grey to black, moist to wet. Fine to medium grained. Trace
fines. Slight hydrocarbon odor.

Grades to wet. Moderate to strong hydrocarbon odor, slight sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/15/2016 - 11/16/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

7 feet bgs, 11/16/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL Fine to coarse, subrounded gravel.
SAND with SILT Brown, moist. Fine to medium grained sand. Trace roots.

SAND Dark grey to black, moist.

Grades to wet. Strong hydrocarbon odor, slight sheen.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/15/2016 - 11/16/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/16/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL Fine to coarse, subrounded gravel.
SAND and GRAVEL Brown to dark grey to black, moist. Fine to medium
grained sand. Trace fines.

SAND Dark grey to black. Fine to medium grained sand. Trace fines.
Strong hydrocarbon odor, slight to moderate sheen.
Perched water at 2.5 feet bgs to 3 feet bgs.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/8/2016 - 11/9/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

7 feet bgs, 11/9/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL Fine to coarse, subrounded gravel.
SANDY-SILTY GRAVEL Brown to dark grey, moist, well-consolidated.
Fine to coarse, subangular to subrounded gravel. Fine to coarse grained
sand.

SAND Black to dark grey, moist to wet. Fine to medium grained sand.
Trace fines.

Strong hydrocarbon odor, slight sheen.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/14/2016 - 11/16/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

7 feet bgs, 11/16/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL Fine to coarse, subrounded gravel.
SAND Dark grey to black, moist to wet. Fine to medium grained sand.
Trace fines.

Perched water at 1.5 feet bgs to 2 feet bgs.

Grades to wet. Moderate hydrocarbon odor.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/15/2016 - 11/15/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

5 feet bgs, 11/15/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVELLY SAND Brown, moist. Some fines.

SAND Dark grey to black, moist to wet. Fine to medium grained sand.
Trace fines.

Perched water at 1.5 feet bgs to 2 feet bgs.

Grades to wet. Strong hydrocarbon odor, slight sheen.

Boring terminated at 15 feet below ground surface.
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Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/15/2016 - 11/15/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/15/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL 3/4", washed.
GRAVELLY SAND with SILT Moist. Fine grained sand.
SAND Dark grey to black, wet. Fine grained sand. Trace fines.
Strong hydrocarbon odor to 15 feet bgs.

Grades to wet.

SILT Black, wet. Trace fine grained sand. Wood fibers and roots at 11 feet
bgs to 12 feet bgs.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION

T
yp

e

N
um

b
er

N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/9/2016 - 11/10/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

6 feet bgs, 11/10/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL 3/4", washed.
SAND Brown, moist. Fine grained sand.

Grades to black.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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MATERIAL  DESCRIPTION
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N/A

Approximate
Surface Elevation

Hammer
Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/8/2016 - 11/10/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

7 feet bgs, 11/10/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL Grey. 3/4", washed.
GRAVEL and SAND Brown, damp. Fine to coarse, subrounded gravel.
Dark grey, damp. Fine to medium grained sand.
SAND Dark grey to black, moist. Strong hydrocarbon odor.

Perched water at 2 feet bgs to 2.5 feet bgs.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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Data

Drill Bit
Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/9/2016 - 11/10/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

7 feet bgs, 11/10/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL 3/4", washed.
SILTY SAND Brown to dark grey. Intermediate. Some gravel and fine
sand.

SAND Dark grey to black. Trace to no fines. Strong hydrocarbon odor,
sheen.
Perched water at 2.3 feet bgs to 2.5 feet bgs.

Grades to wet.

Boring terminated at 15 feet below ground surface.
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Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
Drilled

Drilling
Contractor

11/8/2016 - 11/9/2016

Monitoring Well Installed

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)

Checked
By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

7 feet bgs, 11/9/2016

Total Depth
of Borehole

Borehole
Backfill

Grab

Logged
By

Project Location:   2555 SW 13th Street, Seattle WA
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Flush-mount protective
casing - 0 to 1 foot bgs.
Boring air knifed from 0 to 5
feet bgs.
Cement grout - 1 to 10 feet
bgs.

Well Casing, 10-inch Sch.
40 PVC - 10 to 12 feet bgs.

Bentonite Chip Seal - 10 to
12 feet bgs.

Filter Pack, 10/20 Silica
Sand - 12 to 15 feet bgs.

Screen Interval, 1-inch Sch.
40 PVC with 0.010-inch slots
- 13 to 15 feet bgs.

GRAVEL 3/4", washed.
SILTY SAND with GRAVEL Brown, moist. Lenses of black medium sand.

SAND Black, moist.

Grades to wet. Perched water at 2.6 feet bgs.

SAND Dark grey to black, moist to wet. Trace to no fines. Strong
hydrocarbon odor, sheen.

Boring terminated at 15 feet below ground surface.
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Size/Type 8-inch diameter

N/ACascade Drilling

Date(s)
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Drilling
Contractor

11/8/2016 - 11/9/2016

Bentonite

Drill Rig
Type

See Figure

Drilling
Method

Location

L. Brown

Sampling
Method(s)
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By

Groundwater Level
and Date Measured

Hollow Stem Auger 15.0 feet

7 feet bgs, 11/9/2016

Total Depth
of Borehole
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Grab
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AECOM Appendices Environment

Bio-Sparging System Installation Memorandum April 2018

Attachment D
Bio-Sparging System Installation
Photograph Log
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Field Photographic Log

Client Name:

Shell (Equilon)

Project:

Bio-Sparging System Installation
Shell Harbor Island

AECOM Project No.

60561813

Photo No.
1

Date:
11/16/2016

Direction Photo
Taken:

Northeast

Description:

View of drilling BSW-28
using hollow stem auger
methods within the Main
Tank Farm.

Photo No.
2

Date:
11/11/2016

Direction Photo
Taken:

N/A

Description:

View of installing BSW-29
with ball valve and flush-
mounted protective well
monument within the Main
Tank Farm.



\\1571SR-P8PWCS1\projects\25211158 Shell\2018\2555 13th SW Avenue (Seattle Terminal)\500-Deliverables\502  Bio-Sparging System Completion Tech Memo\Attachment D_Construction_PhotoLog_2018-03-28.docx

          Page 2 of 8

Field Photographic Log

Client Name:

Shell (Equilon)

Project:

Bio-Sparging System Installation
Shell Harbor Island

AECOM Project No.

60561813

Photo No.
3

Date:
4/26/17

Direction Photo
Taken:

Northeast

Description:

View of the installation of
bio-sparging system
manifold piping on the
exterior west wall of the
Main Tank Farm within the
Manifold Area.

Photo No.
4

Date:
4/26/2017

Direction Photo Taken:

East

Description:

View of the installation of
the Programmable Logic
Controller for the bio-
sparging system manifold
components on the exterior
west wall of the Main Tank
Farm within the Manifold
Area.
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Field Photographic Log

Client Name:

Shell (Equilon)

Project:

Bio-Sparging System Installation
Shell Harbor Island

AECOM Project No.

60561813

Photo No.
5

Date:
5/15/17

Direction Photo
Taken:

N/A

Description:

View of the completed bio-
sparging system manifold
on the exterior west wall
of the Main Tank Farm
within the Manifold Area.

Photo No.
6

Date:
5/15/2017

Direction Photo
Taken:

East

Description:

View of the completed bio-
sparging system manifold
and Programmable Logic
Controller junction box on
the exterior west wall of
the Main Tank Farm within
the Manifold Area.
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Field Photographic Log

Client Name:

Shell (Equilon)

Project:

Bio-Sparging System Installation
Shell Harbor Island

AECOM Project No.

60561813

Photo No.
7

Date:
4/17/2017

Direction Photo
Taken:

West

Description:

View within the City
parking lot.

The subcontractor is
removing pieces of sawcut
asphalt and concrete from
the City walkway. This will
become the trench to
accommodate trunklines
AS-1 and AS-2 of the bio-
sparging system.

Photo No.
8

Date:
4/18/2017

Direction Photo
Taken:

East

Description:

View within the City
parking lot of the vacuum
excavation process from
BSW-12 to BSW-11.
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Field Photographic Log

Client Name:

Shell (Equilon)

Project:

Bio-Sparging System Installation
Shell Harbor Island

AECOM Project No.

60561813

Photo No.
9

Date:
4/21/2017

Direction Photo
Taken:

East

Description:

View of subcontractor
laying down the PVC
piping for trunklines AS-1
and AS-2 in the City
parking lot.

Photo No.
10

Date:
4/21/2017

Direction Photo
Taken:

East

Description:

View within the City
parking lot of trunklines
AS-1 and AS-2 at the
junction to BSW-6 and
BSW-5, respectively.
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Field Photographic Log

Client Name:

Shell (Equilon)

Project:

Bio-Sparging System Installation
Shell Harbor Island

AECOM Project No.

60561813

Photo No.
11

Date:
4/21/2017

Direction Photo
Taken:

Southeast

Description:

In the foreground is a
typical lateral connection
from trunkline AS-3 to
BSW-13 along the north
exterior wall of the Main
Tank Farm within the City
parking lot.

Photo No.
12

Date:
4/21/2017

Direction Photo
Taken:

N/A

Description:

View of lateral connection
from trunkline AS-3 to
BSW-17 along the north
exterior wall of the Main
Tank Farm in the City
parking lot.
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Field Photographic Log

Client Name:

Shell (Equilon)

Project:

Bio-Sparging System Installation
Shell Harbor Island

AECOM Project No.

60561813

Photo No.
13

Date:
5/10/2017

Direction Photo
Taken:

Southeast

Description:

View of trunklines AS-4
through AS-6 and bio-
sparging wells inside the
north end of the Main
Tank Farm.

Photo No.
14

Date:
4/21/2017

Direction Photo
Taken:

West

Description:

View of the bio-sparging
system trenches being
backfilled in with
controlled density fill in the
City parking lot.
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Field Photographic Log

Client Name:

Shell (Equilon)

Project:

Bio-Sparging System Installation
Shell Harbor Island

AECOM Project No.

60561813

Photo No.
15

Date:
5/2/2017

Direction Photo
Taken:

East

Description:

View of the asphalt
resurfacing and patching
of the bio-sparging system
within the City parking lot.

Photo No.
16

Date:
12/3/2017

Direction Photo
Taken:

East

Description:

View of the completed
asphalt rollover that
covers daylighted
trunklines AS-1 and AS-2.
Photo taken of City
walkway outside of the
Main Tank Farm.
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Attachment E
Bio-Sparging System Equipment List and Inspection Schedule

Shell Harbor Island Terminal
Seattle, Washington

System Component Part Description Location Expected Reading Inspection Frequency Maintenance Inspections and Actions Inspection Documentation

Sensaphone Monitoring System Sensaphone Sentinel Monitoring System
PN: SCD-1200 Manifold NA Monthly Download all system data from the following website:

www.sensaphone.net
Save downloaded sensaphone data files to the Project File and update
graphs.

Air Compressor
Existing compressor at Seattle Terminal

Atlas Copco, Oil-injected Rotary Screw Compressor, 15 hp
PN: GX 7-11 EL

Manifold NA Monthly

Routine maintenance is conducted by Shell Terminal Maintenance
Staff. Inquire monthly to determine if any mechanical downtime
occurred during the month.

Record downtime on field form and save to project file.

4 - 7 PSI Monthly Visually inspect the pressure regulator for damage and verify proper
operation.

Note any deficiencies on field form and save to project file.

4 - 7 PSI Semi-Annually Inspect diaphram.  Clean or replace if needed. Note any deficiencies on field form and save to project file.

Pressure Transmitters (Pre Valve)
Dwyer Series 628 Pressure Transmitter, 0-200 psi,

4-20 ma output.
PN: 628-12GH-P1-E1-S1

Manifold Approximately 200 PSI Monthly

Pressure Transmitters (Post Valve)
Dwyer Series 628 Pressure Transmitter, 0-30 psi,

4-20 ma output.
PN: 628-08GH-P1-E3-S1

Manifold Approximately 5 PSI Monthly

Air Velocity Transmitter
Dwyer High Accuracy Series Air Velocity Transmitter, 1/2-

inch NPT with LED Display, 4-20 ma output
PN: 641-6

Manifold 2,000 to 3,000 CFM Monthly
Visually inspect air velocity meter for damage and ensure that digital
readout matches data logged via sensaphone.

Record approximate velocity reading on field form and save to project
file.

Temperature Gauge Grainger Analog Panel Mount Thermometer, 0 to 160
degrees F Manifold 30 - 60 degrees F Semi-Annually Visually inspect to verify the thermometer is operating in accordance

with the manufacturer's specifications.
Note any deficiencies on field form and save to project file. Record
approximate temperature on field form and save to project file.

In-Line Air Filter
PneumaticPlus SAF Series Particulate Filter, 3/4" NPT with

Bracket
PN: SAF4000

Manifold NA Semi-Annually
Visually inspect filter and filter housing for damage.  Replace
particulate filter annually.

Note any deficiencies on field form and save to project file.

Manifold Piping Schedule 80 PVC pipe, 3/4-inch Manifold NA Monthly Visually inspect to ensure that piping is not broken or damaged. Note any deficiencies on field form and save to project file.

Pressure Relief Valve pneumaticsPlus, Adjustable Relief Valve Manifold NA Monthly Actuate valve to ensure proper function. Note any deficiencies on field form and save to project file.

Solenoid Valves Redhat, Aluminum Body Solenoid Valve 3/4-inch NPT,
Normally Closed, 4-20 ma output.

Bio-sparging
lines NA Semi-Annually Visually inspect each solenoid valve to verify the valve is operating in

accordance to the manufacturer's specifications. Repair as needed.
Note any deficiencies on field form and save to project file.

Ball Valve Nibco PVC Schedule 80 Ball Valve 3/4" True Union Bio-sparging
lines NA Monthly

Visually inspect ball valves for damage and manually cycle valves to
ensure proper function.

Note any deficiencies on field form and save to project file.

Air Flow Meter/ Rotameter
Blue-White Industries, LTD. Variable Area Flow Meter,

3/4 inch, 4-38 LPM / 0-45 CFM
PN: F410N

Bio-sparging
lines 5 - 20 CFM Monthly

Visually inspect flow meters on each line for damage and ensure that
flow meters are functioning in accordance with the manufacturers
specifications.

Note any deficiencies on field form and save to project file.  Record
flow readings on field form and save to project file.

Pressure Gauges

WIKA Low Pressure Gauge, Liquid-Filled, Stainless Steel
316L Wetted Parts, 4" Dial, 0-30" WC Range, +/-1.5%
Accuracy, 1/2" Male NPT Connection, Bottom Mount

PN: 9804315

Bio-sparging
lines 4 - 7 PSI Monthly

Visually inspect gauges for damage and ensure proper function. Note any deficiencies on field form and save to project file. Record
pressure readings from each line on field form and save to project file.

Check Valves Plast-O-Matic, PVC Check Valve Bio-sparging
lines NA Monthly Visually inspect for damage.  Verify that valve opens/allows flow. Note any deficiencies on field form and save to project file.

Flow Switches Dwyer Flotect® Mini-Size Flow Switch
PN: Series V10

Bio-sparging
lines NA Monthly Visually inspect for damage and verify coverings are in place to

protect internals.
Note any deficiencies on field form and save to project file.

System Distribution Piping Schedule 80 PVC pipe, variable sizes Bio-sparging
lines NA Monthly Walk the length of the system piping and check for leaks. Repair as

needed.
Note any deficiencies on field form and save to project file.

City Walkway Roll-Over Curb Cold-Patch Asphalt City walkway NA Monthly Walk the length of the applied cold-patch at the roll-over curb and
along the terminal wall. Record any deficiencies. Repair as needed.

Note any deficiencies on field form and save to project file.

Notes:
F = fahrenheit
hp = horsepower
LED = light-emitting diode
ma = milliamps
NA - not applicable
NPT = National Pipe Thread
PN = Product number
PSI = Pounds per square inch
PVC = polychlorinated vinyl chloride
SCFM = standard cubic feet per minute

Pressure Regulator
Pneumatic Plus

3/4" NPT, Air Regulator with 0-160 PSI Gauge
PN: SAR4000M-N06BG

Manifold

Review transmitter data from sensaphone download to verify the outlet
pressure is below 4 PSI.

Save downloaded sensaphone file to the Project File.
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Location ID Northing (NAD83) Easting (NAD83) Elevation (NAVD88)
1 PKS 216381.9283 1264958.052 12.353
2 216299.7129 1264954.213 12.372
3 PKS 216403.0049 1265185.662 14.469
4 X SCRIBED 216653.7904 1265259.318 11.647
5 PKS 216386.3139 1265076.616 15.368
7 PKS 217076.1637 1265620.775 13.868
8 PKS 216751.5857 1264910.349 13.106
9 MIC 13TH N MASS 217810.7772 1265612.822 11.502
10 PKWF DOWLCNTRL 216606.184 1265087.297 13.277
11 MIC 16TH N FLRDA 216708.0944 1264885.928 12.083
12 PKF 216812.1899 1264762.924 13.455
13 PKF 216812.4092 1264762.323 13.448
14 PKF 216809.3688 1264763.117 13.454
1000 AS-6 216511.7272 1265057.754 12.091
1001 AS-5 216512.6365 1265057.749 12.076
1002 AS-4 216513.6523 1265057.796 12.12
1003 AS-3 216514.6904 1265057.84 12.115
1004 AS-2 216515.7919 1265057.878 12.131
1005 AS-1 216516.638 1265057.896 12.116
1006 AS-2 216515.9346 1265058.295 12.183
1007 AS-3 216514.7121 1265058.642 12.153
1008 AS-4 216513.6639 1265058.943 12.205
1009 AS-5 216512.6225 1265059.142 12.197
1010 AS-6 216511.6906 1265059.31 12.227
1011 AS-6 216547.1548 1265060.712 12.252
1012 AS-5 216547.2005 1265060.356 12.261
1013 AS-4 216547.6894 1265060.154 12.263
1014 AS-3 216547.9675 1265059.966 12.267
1015 AS-2 216548.086 1265059.658 12.245
1016 AS-1 216548.2338 1265059.301 12.156
1017 AS-1 216584.1825 1265108.321 12.77
1018 AS-2 216583.9767 1265108.506 12.75
1019 AS-3 216583.78 1265108.644 12.738
1020 AS-4 216583.5543 1265108.803 12.737
1021 AS-5 216583.2693 1265108.969 12.748
1022 AS-6 216583.0009 1265109.121 12.733
1023 AS-6 216611.007 1265147.699 13.13
1024 AS-5 216611.2275 1265147.243 13.141
1025 AS-4 216611.5179 1265147.242 13.146
1026 AS-3 216611.884 1265146.968 13.152
1027 AS-2 216612.0417 1265146.85 13.189
1028 AS-1 216612.1636 1265146.705 13.21
1029 AS-1 216639.3739 1265184.939 13.245
1030 AS-2 216639.1451 1265185.509 13.398
1031 AS-3 216639.2 1265186.09 13.374
1032 AS-3 216639.8805 1265185.646 12.225
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Location ID Northing (NAD83) Easting (NAD83) Elevation (NAVD88)
1033 AS-2 216639.5785 1265185.275 12.326
1034 AS-6 216613.8159 1265166.977 12.856
1035 AS-6 216615.1891 1265189.451 12.627
1036 AS-6 TO 33 216616.1456 1265188.392 12.668
1037 LINE TO 33 END 216619.2903 1265212.526 12.636
1038 WELL 33 216619.1412 1265214.091 12.307
1039 WELL CASE 33 216619.6341 1265213.761 12.841
1040 AS-6 TO 35 216611.1815 1265189.457 12.573
1041 LINE TO 35 216609.7196 1265188.005 12.607
1042 LINE TO 35 END 216608.784 1265187.996 12.593
1043 WELL 35 216609.3287 1265189.088 12.148
1044 WELL CASE 35 216609.723 1265188.748 12.65
1045 WELL CASE 37 216597.3673 1265161.16 12.45
1046 WELL 37 216596.8527 1265161.204 11.678
1047 LINE TO 37 END 216597.5122 1265162.367 12.411
1048 LINE TO 37 216601.9435 1265176.035 12.609
1049 LINE TO 37 216603.8889 1265181.475 12.648
1050 LINE TO 37 216606.0407 1265186.01 12.601
1051 A-6 TO 37 216608.5044 1265189.397 12.696
1052 A-6 TO 34 216601.9461 1265189.078 12.765
1053 LINE TO 34 216598.5113 1265192.746 12.71
1054 LINE TO 34 216593.1616 1265200.419 12.754
1055 LINE TO 34 END 216587.5236 1265209.549 12.712
1056 WELL CASE 34 216588.2315 1265210.961 12.803
1057 WELL 34 216587.8098 1265211.138 12.291
1058 WELL 36 216577.6469 1265184.377 12.158
1059 WELL CASE 36 216578.3694 1265184.342 12.707
1060 LINE TO 36 END 216578.7095 1265184.39 12.62
1061 A-6 LINE TO 36 216581.7926 1265187.825 12.746
1062 A-4 LINE TO 20 216618.4897 1265182.44 12.658
1063 LINE TO 20 216624.6866 1265186.575 12.616
1064 LINE TO 20 END 216631.0967 1265190.024 12.859
1065 WELL CASE 20 216632.6246 1265190.126 12.962
1066 WELL 20 216632.5468 1265190.227 12.504
1067 WELL 21 216636.6412 1265216.557 12.043
1068 WELL CASE 21 216636.8136 1265216.424 12.572
1069 LINE TO 21 END 216634.9512 1265216.474 12.56
1070 LINE TO 21 216627.6724 1265208.668 12.604
1071 A-4 LINE TO 21 216621.9746 1265203.665 12.635
1072 A-5 216621.4319 1265202.659 12.603
1073 A-5 216623.6848 1265218.835 12.471
1074 A-4 216624.0139 1265218.84 12.447
1075 A-4 216625.6702 1265231.973 12.061
1076 A-5 LINETO 31 32 216625.4126 1265231.98 12.063
1077 LINE TO 31 32 216623.1103 1265234.87 12.087
1078 LINE TO 31 32 216614.1871 1265235.63 12.375
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Location ID Northing (NAD83) Easting (NAD83) Elevation (NAVD88)
1079 LINE TO 31 END 216613.3988 1265236.498 12.388
1080 LINE TO 32 END 216591.5856 1265235.113 12.844
1081 LINE TO 32 216601.8989 1265235.498 12.538
1082 WELL CASE 32 216591.2318 1265235.251 12.943
1083 WELL CASE 31 216612.8456 1265236.769 12.541
1084 WELL 31 216612.1517 1265236.834 12.109
1085 WELL 32 216590.5512 1265235.205 12.557
1086 A-5 216627.4396 1265243.669 11.949
1087 A-5 216631.0683 1265261.554 11.984
1088 A-5 216635.941 1265283.971 11.866
1089 A-5 216641.4209 1265307.128 11.735
1090 A-5 216646.6613 1265329.925 12.286
1091 A-5 216649.1076 1265340.996 12.419
1092 A-5 216642.6791 1265349.433 12.432
1093 A-4 LINE TO 22 216627.6747 1265243.607 11.931
1094 LINE TO 22 END 216628.5517 1265244.185 11.895
1095 WELL CASE 22 216629.4093 1265245.072 11.857
1096 WELL 22 216628.7844 1265245.463 11.45
1097 WELL 23 216634.4076 1265264.756 11.595
1098 WELL CASE 23 216634.9204 1265264.452 11.977
1099 LINE TO 23 END 216633.997 1265263.774 11.793
1100 A-4 LINE TO 23 216631.3064 1265261.495 11.987
1101 A-4 LINE TO 24 216636.1785 1265283.923 11.877
1102 A-4 LINE TO 25 216641.6694 1265307.06 11.756
1103 A-4 LINE TO 26 216646.8594 1265329.842 12.338
1104 LINE TO 24 END 216639.4228 1265285.708 11.715
1105 LINE TO 25 END 216642.7332 1265307.668 11.71
1106 LINE TO 26 END 216648.0478 1265330.568 12.314
1107 WELL CASE 24 216639.9821 1265286.574 11.892
1108 WELL CASE 25 216643.4906 1265308.32 11.765
1109 WELL CASE 26 216648.87 1265331.14 12.516
1110 WELL 24 216639.5325 1265286.833 11.542
1111 WELL 25 216642.9837 1265308.671 11.387
1112 WELL 26 216648.5288 1265331.523 12.121
1113 A-5 LINE TO 27 216641.9356 1265349.512 12.61
1114 A-5 LINE TO 30 216641.2305 1265349.347 12.617
1115 LINE TO 27 END 216637.9985 1265345.477 12.559
1116 LINE TO 28 END 216611.1495 1265345.386 12.677
1117 LINE TO 30 END 216626.586 1265325.732 12.461
1118 LINE TO 30 216630.4812 1265335.702 12.337
1119 LINE TO 30 216633.5658 1265344.553 12.543
1120 A-5 216627.324 1265349.139 12.495
1121 A-5 LINE TO 28 216613.4957 1265348.202 12.599
1122 WELL CASE 27 216637.7108 1265345.356 12.507
1123 WELL CASE 28 216610.7476 1265345.182 12.736
1124 WELL CASE 30 216626.4912 1265325.125 12.532
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Location ID Northing (NAD83) Easting (NAD83) Elevation (NAVD88)
1125 WELL 27 216636.9662 1265345.438 12.145
1126 WELL 28 216610.0929 1265345.202 12.367
1127 WELL 30 216625.8721 1265325.005 11.98
1128 AIR TERM TIE-IN 216282.0962 1265053.768 12.324
1129 XING TO BREAKER 216094.9978 1265049.346 12.567
1130 AS-3 216640.6023 1265184.617 13.784
1131 AS-2 216640.4651 1265184.402 14.118
1132 AS-1 216640.4824 1265184.182 13.967
1133 AS-1 AS-2 216669.8801 1265180.071 13.574
1134 AS-1 AS-2 216675.5892 1265193.154 13.296
1135 AS-1 AS-2 216676.0253 1265194.061 12.853
1136 AS-1 TO 11 AS-2 216679.4381 1265202.121 12.676
1137 AS-2 TO 9 AS-1 216687.0732 1265220.349 12.427
1138 AS-1 TO 10 AS-2 216689.8561 1265226.419 12.331
1139 AS-1 TO 7 AS-2 216698.5741 1265246.925 12.068
1140 AS-2 TO 8 AS-1 216699.2394 1265248.565 12.03
1141 AS-1 AS-2 216706.9724 1265266.175 11.882
1142 AS-1 TO 6 AS-2 216708.6628 1265271.865 11.878
1143 AS-2 TO 5 AS-1 216708.6889 1265273.173 11.894
1144 AS-2 TO 4 AS-1 216714.8159 1265299.707 11.916
1145 AS-1 TO 3 AS-2 216714.2172 1265297.672 11.918
1146 AS-1 TO 2 AS-2 216720.5052 1265324.231 12.017
1147 AS-2 TO 1 AS-1 216720.6801 1265325.696 12.057
1148 AS-3 TO 13 216646.7515 1265207.374 12.666
1149 AS-3 TO 14 216651.5523 1265229.594 12.713
1150 AS-3 TO 15 216655.2841 1265247.03 12.799
1151 AS-3 TO 16 216660.2949 1265270.5 12.759
1152 AS-3 TO 17 216664.1784 1265288.224 12.734
1153 AS-3 TO 18 216669.5907 1265313.663 12.952
1154 AS-3 TO 19 216673.4354 1265331.255 13.289
1155 WELL CASE 19 216681.0536 1265329.434 12.485
1156 WELL 19 216680.3199 1265329.348 11.998
1157 WELL 18 216676.398 1265311.866 12.064
1158 WELL CASE 18 216676.7212 1265311.955 12.453
1159 WELL CASE 17 216669.8702 1265287.031 12.235
1160 WELL 17 216669.5965 1265287.212 11.821
1161 WELL 16 216667.4879 1265268.694 12.044
1162 WELL CASE 16 216667.7756 1265268.73 12.226
1163 WELL CASE 15 216661.7458 1265245.643 12.316
1164 WELL 15 216661.4634 1265245.667 12.074
1165 WELL 14 216658.705 1265228.331 12.034
1166 WELL CASE 14 216658.8743 1265228.286 12.324
1167 WELL CASE 13 216654.2221 1265206.356 12.47
1168 WELL 13 216653.9828 1265206.378 12.092
1169 WELL 12 216669.7644 1265177.962 13.085
1170 WELL CASE 12 216669.9668 1265177.894 13.388
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Location ID Northing (NAD83) Easting (NAD83) Elevation (NAVD88)
1171 WELL CASE 11 216685.812 1265199.998 12.648
1172 WELL 11 216685.6092 1265200.098 12.188
1173 WELL 10 216701.4765 1265221.815 12.147
1174 WELL CASE 10 216701.6947 1265221.817 12.359
1175 WELL CASE 9 216681.8478 1265222.895 12.398
1176 WELL 9 216681.1644 1265222.95 12.006
1177 WELL 8 216691.3404 1265250.31 11.548
1178 WELL CASE 8 216692.0661 1265250.269 11.99
1179 WELL 6 216719.3885 1265269.207 11.776
1180 WELL 5 216696.4084 1265276.413 11.558
1181 WELL 4 216703.3117 1265302.467 11.646
1182 WELL 3 216726.0397 1265294.356 11.74
1183 WELL 2 216732.2842 1265320.476 11.723
1184 WELL 1 216711.7422 1265328.144 11.609
1185 WELL CASE 1 216712.2097 1265328.252 12.127
1186 WELL CASE 2 216732.7066 1265320.629 12.228
1187 WELL CASE 3 216726.4731 1265294.487 12.211
1188 WELL CASE 4 216703.9349 1265302.348 11.857
1189 WELL CASE 5 216697.0903 1265276.301 11.761
1190 WELL CASE 6 216719.5828 1265269.226 12.212
1191 WELL CASE 7 216712.0782 1265243.037 12.254
1192 WELL 7 216711.316 1265243.066 11.954
1193 CURB REPAIR ATBK 216677.7618 1265192.997 13.298
1194 CURB REPAIR ATBK 216673.8897 1265193.788 13.268
1195 CURB REPAIR ATBK 216647.3184 1265200.465 13.003
1196 CURB REPAIR ATBK 216648.9705 1265208.198 12.834
1197 CURB REPAIR ATBK 216653.3979 1265228.617 12.813
1198 CURB REPAIR ATBK 216654.4156 1265233.3 12.823
1199 CURB REPAIR ATBK 216657.0729 1265245.576 12.872
1200 CURB REPAIR ATBK 216658.1002 1265250.395 12.877
1201 CURB REPAIR ATBK 216661.9974 1265266.905 12.896
1202 CURB REPAIR ATBK 216662.6696 1265271.74 12.852
1203 CURB REPAIR ATBK 216665.9532 1265287.112 12.837
1204 CURB REPAIR ATBK 216666.4592 1265289.462 12.873
1205 CURB REPAIR ATBK 216671.3997 1265312.419 13.03
1206 CURB REPAIR ATBK 216672.3508 1265316.793 13.166
1207 CURB REPAIR ATBK 216675.204 1265329.997 13.174
1208 CURB REPAIR ATBK 216675.9635 1265333.521 13.159
1214 MW TX-03A 216716.6369 1265260.258 12.26
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SHELL SEATTLE TERMINAL- BIOSPARGE SYSTEM
MONTHLY INSPECTION/MAINTENANCE RECORD

SITE ADDRESS:
2555 13TH AVENUE SW

SEATTLE, WA DATE

SHELL TERMINAL OPERATIONS: 206-571-9430 INSPECTION/MAINTENANCE CONDUCTED BY

AIR COMPRESSOR

HAS COMPRESSOR BEEN SHUT DOWN FOR
MAINTENANCE ETC. SINCE LAST VISIT? (ASK

TERMINAL OPS ) (YES/NO)

BIO-SPARGING EQUIPMENT COMPOUND / MANIFOLD AREA

CONTROL PANEL
FAULTS/ALARMS PRESENT? (YES/NO)

IF YES, DESCRIBE:

ALARMS CLEARED? (YES/NO)

IF NO EXPLAIN:

ON ARRIVAL (PSI) ON DEPARTURE (PSI)

PRE VALVE PRESSURE

POST VALVE PRESSURE

SPARGE LINE PULSE TIMES ON ARRIVAL  (MINUTES) ON DEPARTURE (MINUTES)

AS-1

AS-2

AS-3

AS-4

AS-5

AS-6

IF YES,
PROVIDE DATES OF DOWN TIME

PLANNED/UPCOMING
MAINTENANCE (DATE/S)

System Status on Departure (ON/OFF)

____________________

System Status on Arrival (ON/OFF)

___________________
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SHELL SEATTLE TERMINAL- BIOSPARGE SYSTEM
MONTHLY INSPECTION/MAINTENANCE RECORD

MANIFOLD
MANIFOLD BALL VALVE POSITIONS ON ARRIVAL (OPEN/CLOSED) ON DEPARTURE (OPEN/CLOSED)

AS-1

AS-2

AS-3

AS-4

AS-5

AS-6

PRESSURE REGULATOR FUNCTIONING PROPERLY? GAUGE FUNCTIONING PROPERLY?   DESCRIBE DEFICIENCIES:

(YES/NO) (YES/NO)

MAINTENANCE PERFORMED? DIAPHRAM NEEDS DIAPHRAM REPLACED? (YES/NO)

(DIAPHRAM CLEANED) (YES/NO) REPLACEMENT? (YES/NO)

Pressure Gauges (Regulator) P-1 (ON REGULATOR) P-2 (POST-REGULATOR ) DESCRIBE DEFICIENCIES:

Pressure (PSI) Pressure (PSI)

AIR FILTER

AUTO DRAIN FUNCTIONING
PROPERLY? (TEST BY MANUALLY

ACTUATING) (YES/NO)

H20 IN FILTER HOUSING?
(YES/ NO)

QUANTITY OF WATER
DRAINED/RECOVERED (mL)

DESCRIBE DEFICIENCIES

FILTER CONDITION
FILTER NEEDS REPLACEMENT?

(YES/NO)
FILTER REPLACED?

(YES/ NO)

PRESSURE TRANSMITTERS
FUNCTIONING PROPERLY?

(YES/NO) VISIBLE DAMAGE? (YES/NO)   DESCRIBE DEFICIENCIES:

AIR VELOCITY TRANSMITTER
FUNCTIONING PROPERLY?

 (YES/ NO) FPM ON ARRIVAL FPM ON DEPARTURE

  DESCRIBE  DEFICIENCIES:

SOLENOID VALVES FUNCTIONING PROPERLY? (YES/NO?)   DESCRIBE DEFICIENCIES:
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SHELL SEATTLE TERMINAL- BIOSPARGE SYSTEM
MONTHLY INSPECTION/MAINTENANCE RECORD

MANIFOLD (CONTINUED)
THERMOMETER FUNCTIONING PROPERLY? (YES/NO) TEMP (°F) ON ARRIVAL TEMP (°F) ON DEPARTURE

  DESCRIBE DEFICIENCIES:

MANIFOLD PIPING AND FITTINGS

ROTAMETERS CFM (ON ARRIVAL) CFM (ON DEPARTURE)

AS-1

AS-2

AS-3

AS-4

AS-5

AS-6

FLOW SWITCHES DESCRIBE DEFICIENCIES:

PRESSURE GAUGES INCHES WC  (ON ARRIVAL) INCHES WC (ON DEPARTURE)

AS-1

AS-2

AS-3

AS-4

AS-5

AS-6

CHECK VALVES   DESCRIBE DEFICIENCIES:

DESCRIBE DEFICIENCIES:

ALL FUNCTIONING PROPERLY
 (YES/NO?)

DESCRIBE DEFICIENCIES:

BREAKS/ DAMAGE/ LEAKS? (DESCRIBE):

ALL FUNCTIONING PROPERLY?
(YES/NO?)

COVERINGS IN PLACE?
(YES/NO)?

ALL FUNCTIONING PROPERLY
(YES/NO?)

ALL FUNCTIONING PROPERLY
 (YES/NO?)
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SHELL SEATTLE TERMINAL- BIOSPARGE SYSTEM
MONTHLY INSPECTION/MAINTENANCE RECORD

TANK FARM

ELECTRICAL CONDUIT ANY DAMAGE TO CONDUIT? (YES NO)  DESCRIBE DAMAGE/DEFICIENCIES:

AIR COMPRESSOR LINE ANY DAMAGE TO LINE? (YES / NO)   DESCRIBE DAMAGE/DEFICIENCIES:

ANY LEAKS FROM FITTINGS? (YES/NO)  DESCRIBE LEAKS:

WERE REPAIRS MADE? (YES/NO)   DESCRIBE REPAIRS:

LOW-POINT DRAINS ALL DRAIN VALVES CLOSED ON
ARRIVAL? (YES/NO)

DESCRIBE EXCEPTIONS:

DRAIN CYCLED? (YES / NO)

DRAIN - S SIDE OF DRIVEWAY

DRAIN - N SIDE DRIVEWAY

DRAIN -  CROSSING TO MANIFOLD

ALL DRAIN VALVES CLOSED ON
DEPARTURE? (YES/NO)

EXCEPTIONS:

ESTIMATED VOLUME H2O DISCHARGED (mL)
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SHELL SEATTLE TERMINAL- BIOSPARGE SYSTEM
MONTHLY INSPECTION/MAINTENANCE RECORD

TANK FARM (CONTINUED)

SYSTEM DISTRIBUTION PIPING BREAKS LEAKS IDENTIFIED?
(YES/NO)

WERE REPAIRS MADE? (YES/NO)   DESCRIBE REPAIRS:

WELL MONUMENTS DESCRIBE ANY DEFICIENCIES (I.E. DAMAGE/ MISSING BOLTS/ MISSING LIDS/ SETTLING OR SUBSIDENCE):

DESCRIBE ANY REPAIRS MADE:

DESCRIBE ANY DEFICIENCIES:

DESCRIBE ANY REPAIRS:

  DESCRIBE:

TRIP HAZARD SIGNAGE AND REFLECTIIVE
TAPE

USE "ADDITIONAL COMMENTS/ NOTES:"
SECTION BELOW IF NEEDED

AS-4 (AND LATERALS TO
BSW-20/21/22/23/24/25/26)

AS-5 (AND LATERALS TO
BSW-27/28/29/30/31/32)

AS-6 (AND LATERALS TO
BSW-33/34/35/36/37)
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SHELL SEATTLE TERMINAL- BIOSPARGE SYSTEM
MONTHLY INSPECTION/MAINTENANCE RECORD

CITY OF SEATTLE PARKING LOT
BREAKS/ LEAKS IDENTIFIED?

(YES/NO)

WERE REPAIRS MADE? (YES/NO)   DESCRIBE REPAIRS:

WELL MONUMENTS DESCRIBE ANY DEFICIENCIES (I.E. DAMAGE/ MISSING BOLTS/ MISSING LIDS/ SETTLEMENT):

DESCRIBE ANY REPAIRS MADE:

ABOVE-GROUND PIPING ASPHALT
DESCRIBE ANY DEFICIENCIES (I.E. EXCESSIVEL LOOSE OR BROKEN ASPHALT / EXPOSED PIPING:

DESCRIBE ANY REPAIRS MADE:

NO PARKING BARRICADES DESCRIBE DEFICIENCIES DEFICIENCIES RESOLVED? DESCRIBE:

ADDITIONAL COMMENTS / NOTES:

Make sure that data has been downloaded from Sensaphone on a monthly basis.

USE "ADDITIONAL COMMENTS/ NOTES:"
SECTION BELOW IF NEEDED

  DESRIBE:

AS-3 (AND LATERALS TO
BSW-13/14/15/16/17/18/19)

PEDESTRIAN WALKOVER BUMP AT W END OF
CITY LOT AND BERMS ALONG N TERMINAL WALL

AS-1 (AND LATERALS TO
BSW-1/2/3/4/5/6)

AS-2 (AND LATERALS TO
BSW-7/8/9/10/11)

 6 OF 6


	1. Location
	2. Summary of Installation Activities
	2.1 Permits
	2.2 Monitoring Well Installation
	2.3 Bio-Sparging Well Installation
	2.3.1 Boring Advancement
	2.3.2 Bio-Sparging Well Installation

	2.4 System Installation
	2.4.1 Manifold Installation
	2.4.2 Trenching
	2.4.3 Pipe Installation
	2.4.4 Trench Backfilling and Restoration

	2.5 Investigation-Derived Waste
	2.6 Site Survey
	2.7 Deviations from Work Plan

	3. System Startup
	4. Operation and Maintenance Requirements
	5. References
	Attachment A_permits
	313272 _Harbor Island SDOT Utility Permit
	Untitled
	[AECOM]Scanned from a Xerox Multifunction Device.pdf

	316339_170330 UMP
	328030_170403 Annual Permit1
	P01 Cover Sheet
	P02 System Layout
	P03 Sections
	F01 Cover Sheet
	F02 Site Layout
	F03-Schematic
	F04 System Layout
	F05 Photo Log
	F06 Details
	F07 Notes

	Attachment B - As Built_20180322
	Attachment C_gINT borelogs
	Attachment D_Construction_PhotoLog_2018-03-28
	/
	Field Photographic Log
	/
	Field Photographic Log
	/
	Field Photographic Log
	/
	Field Photographic Log
	/
	Field Photographic Log
	/
	Field Photographic Log
	/
	Field Photographic Log
	/
	Field Photographic Log




	Attachment E_Biosparge Maint_Sched
	Attachment F_Waste manifests_20180322
	170508
	170511
	170511_2
	170505

	Attachment G1_087-16 Survey Topo 11x17
	Attachment G2_AECOM HARBOR ISLAND
	Attachment H_180312 O&M Field Form
	Fig 1 Site Vicinity Map
	Sheets and Views
	Layout1
	PLOT



	Fig 2 Site Map
	Sheets and Views
	Layout1
	PLOT1



	Fig 3_System air flow_20180305

