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1. Introduction 

On behalf of Chevron Environmental Management Company (Chevron), Arcadis U.S., 
Inc. (Arcadis) prepared this Engineering Design Report (EDR) for the former Union Oil 
Company of California (Unocal) Edmonds Bulk Fuel Terminal, located at 11720 Unoco 
Road, Edmonds, Washington (site; Figure 1-1). This EDR was prepared to comply with 
Agreed Order (AO) No. DE 4460, under which Unocal, a wholly owned indirect 
subsidiary of Chevron Corporation, has agreed to conduct a feasibility study (FS) and 
interim actions at the site, monitor groundwater in the former Lower Yard, and prepare 
a draft Cleanup Action Plan (CAP).  

1.1 Background 

On August 11, 2014, Chevron submitted an Addendum to the 2014 Draft FS Report 
(Arcadis 2014) to the Washington State Department of Ecology (Ecology), proposing 
Remedial Alternative 6 (combination of excavation and dual-phase extraction [DPE] 
treatment) as a preferred remedy. Ecology asked Chevron to implement this alternative 
as a continuation of the interim actions required by AO No. DE 4460. This will allow 
Ecology to observe the effectiveness of the DPE system before proceeding with a CAP 
that includes continued operation of the system as the final remedy (Ecology 2014b). 
The Final Action Work Plan (2016 IAWP, Arcadis 2016), which was submitted on 
January 26, 2016, describes the excavation at Detention Basin 2 (DB-2) and DPE in 
the vicinity of the Washington State Department of Transportation (WSDOT) 
stormwater line in broad terms. This EDR is being submitted in accordance with Model 
Toxics Control Act (MTCA) regulations, per Washington Administrative Code (WAC) 
173-340-400(4)(a), and at Ecology’s request to provide the specific engineering details 
of the selected remedial alternative. For discussions regarding site background 
(including site description, site history, environmental setting, historical and recent site 
investigations and current site conditions), and cleanup standards (including indicator 
hazardous substances (IHSs), sediment cleanup standard, surface water cleanup 
standards, groundwater cleanup standards and soil cleanup standards) please refer to 
the 2016 IAWP (Arcadis 2016). The general site layout of the lower yard and 
surrounding areas is shown on Figure 1-2.  

1.2 Objectives 

This EDR presents design specifications and plans for the implementation of remedial 
actions as described in the 2016 IAWP (Arcadis 2016). This EDR discusses specific 
plans and specifications related to the following: 
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• Remove recoverable free product beneath DB-2 vicinity in the former Lower Yard. 
Free product is defined as light non-aqueous phase liquid (LNAPL). This will be 
implemented through excavation of DB-2. 

• Remediate soil and groundwater in the former Lower Yard that contains petroleum 
hydrocarbon concentrations above the soil remediation levels (RELs) and cleanup 
levels (CULs) in two areas: DB-2 and the WSDOT stormwater line. This will be 
implemented through operation of a DPE system near the WSDOT stormwater line 
and excavation of DB-2. 

1.3 Previous Submittals and Historical Data 

Remedial actions conducted between 2001 and 2008 addressed potential impacts in 
the former Upper Yard, former Lower Yard, and sediment of Willow Creek. Arcadis 
evaluated the location, concentrations, and distributions of remaining hydrocarbon 
impacts in the former Lower Yard at the site using the 2012 investigation results and 
historical data. Few areas with remaining impacts to soil and groundwater exist in the 
former Lower Yard; these areas are described in the 2016 IAWP (Arcadis 2016).  

Specific data and documents referred to in this EDR include:  

• Draft FS Addendum (Arcadis 2014), which evaluates Remedial Alternative 6 
(excavation with monitored natural attenuation [MNA]) to address contamination 
near DB-2, and soil and groundwater treatment using DPE to address 
contamination near the WSDOT stormwater line. 

• Final Conceptual Site Model (Final CSM; Arcadis 2013a), which evaluates 
remaining impacts, potential fate and transport of the remaining impacts, and 
potential receptors and exposure pathways.  

• Cleanup Levels and Remediation Levels Report (Arcadis 2013b), which evaluates 
and confirms the CULs and RELs for soil, groundwater, and surface water.  

• The final compliance soil samples collected in 2007 and 2008 during remedial 
excavation activities and documented in the Phase I Remedial Implementation As-
Built Report (Arcadis 2009). 

• Final Phase II Remedial Implementation As-Built Report (Arcadis 2010a).  

• The 2008 site investigation work that was conducted near the WSDOT stormwater 
line and the former asphalt warehouse (Arcadis 2010b).  
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• The 2011 site investigation work, which incorporated a tidal study, pumping tests, 
and investigation of soil conditions near DB-2 (Arcadis 2012a). 

• Investigation activities conducted as part of the 2012 Revised Feasibility Study 
Work Plan (Arcadis 2012b) in August 2012, which included additional groundwater 
monitoring well installation, additional groundwater sampling, and sediment 
sampling. 

• The 2016 IAWP (Arcadis 2016), which proposed additional remedial activities, 
additional groundwater monitoring well installation, and additional soil vapor 
sampling. 

• Dual-Phase Extraction Pilot Test Summary (Appendix A), which summarizes the 
results of the 2015 DPE pilot test planned in the Public Review Draft Interim Action 
Work Plan (Arcadis 2015a). 

Historical data, tables, figures, and laboratory reports are provided in the documents 
listed above and are referenced in this EDR.  

1.4 Engineering Design Report Organization 

The remaining sections of this EDR are summarized below: 

• Section 2 – Detention Basin 2 Excavation. Describes the plans and specifications 
for interim action soil removal in the vicinity of DB-2.  

• Section 3 – Dual-Phase Extraction. Describes the plans and specification for 
installation and operation of DPE near the WSDOT stormwater line.  

• Section 4 – Performance and Compliance Monitoring. Describes performance and 
compliance sampling to be conducted at the site.  

• Section 5 –Reporting. Describes documents to be submitted during and after 
remedial action construction (excavation and DPE). 

• Section 6 – Schedule of Deliverables. Propose the schedule of delivery of the 
documents to be submitted during and after excavation construction. 

• Section 7 – References. Lists the references cited throughout this EDR.  

  

3 



Former Unocal Edmonds 
Bulk Fuel Terminal 
Edmonds, Washington 

 
Final Engineering Design 
Report 
 
  

2. Interim Action: Excavation of Detention Basin 2 

Excavation is an effective way to meet CULs because contaminants are physically 
removed from the site. This technology has been used extensively in the former Lower 
Yard, in areas unencumbered by facility infrastructure. It has been both implementable 
and effective at removing impacted soil within these areas. Excavation has also 
reduced dissolved-phase petroleum hydrocarbon concentrations in groundwater to 
below CULs or within one order of magnitude of CULs across the site. Full details, 
including construction plans and a scope of work for the DB-2 excavation, are included 
in the Project Manual (Appendix B). 

2.1 Description of Work 

Excavation of the DB-2 vicinity will remove petroleum hydrocarbon-impacted soil above 
CULs, thus removing the direct contact exposure pathway. In addition to closing the 
direct contact exposure pathway, LNAPL will be removed from the excavation and 
disposed of offsite. During excavation, dissolved-phase petroleum hydrocarbon 
impacts to groundwater will be remediated through extraction and physical, chemical, 
and biological processes which, following source removal, will act to reduce the mass, 
toxicity, mobility, volume, and concentration of constituents of concern (COCs).  

2.2 Proposed Excavation Boundary 

The proposed area of excavation was delineated during the 2011 soil assessment 
(Arcadis 2012a) and includes soil near MW-510. The proposed excavation will extend 
to approximately 10 to 12 feet below ground surface (bgs) and the excavation 
boundary is limited by the following areas: 

• To the northwest by the berm separating DB-2 from Willow Creek and extending 
approximately 200 feet to the southeast to the point where clean soil was 
observed during the 2011 soil assessment. 

• To the northeast by the berm separating DB-1 and DB-2 and extending 
approximately 100 feet to the southwest to the edge of previous excavation work.  

To safely remove petroleum hydrocarbon impacted soil in DB-2 and to allow adequate 
room to maintain excavation sidewall stability, a temporary earthen berm will be offset 
from the existing DB-1/DB-2 berm as shown on Figure 2-1. Water will be removed from 
the northwest portion of DB-1 and the proposed area of excavation. Soil above CULs in 
the DB-2 vicinity will be excavated.  
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As mentioned above, LNAPL will be removed from the excavation and disposed of 
offsite at a licensed waste management facility. Water recovered from the excavation 
will be collected and stored in a holding tank. From the holding tank, water will be 
treated with an engineered treatment system that will include filter beds and activated 
carbon vessels and will then be discharged to DB-1. The temporary water treatment 
system flow diagram is shown on Figure 2-2. A National Pollutant Discharge 
Elimination System (NPDES) construction permit is required to discharge treated 
wastewater from the excavation activities to DB-1 and will be obtained prior to initiating 
the excavation activities. 

The berm separating DB-2 from Willow Creek will also be excavated. To protect Willow 
Creek, two coffer dams will be placed in Willow Creek approximately 200 feet apart 
along the northwest excavation boundary. Water from Willow Creek will flow through 
the coffer dams using temporary culverts. Following excavation, the coffer dams and 
culverts will be removed and Willow Creek will be restored to its original stream bed.  

In the area of DB-2, impacted soil will be excavated and recoverable LNAPL will be 
removed using vacuum dewatering trucks. Waste material will be direct loaded into 
trucks and trailers for offsite disposal, or stockpiled in a central location for loading into 
trucks and trailers for transportation to an appropriate waste disposal facility. Following 
completion of the DB-2 excavation, the temporary berm will be removed and DB-1 will 
be returned to its original boundary. As part of site restoration, DB-2 will not be re-
installed, rather the DB-2 excavation will be backfilled to surrounding grade. The 
proposed excavation boundaries, including the temporary berm location, are shown on 
Figure 2-1.  

2.3 Confirmation Sampling – Soil 

Confirmation samples will be collected from the base and sidewalls of the excavation 
on an approximately 25-foot grid to meet performance monitoring requirements. 
Performance monitoring is described in the Sampling and Analysis Plan (SAP) in the 
Appendix F of the 2016 IAWP (Arcadis 2016). Samples will be submitted to an 
Ecology-approved laboratory for immediate analysis. Once analytical data indicate that 
applicable CULs are met throughout the area of excavation, the area will be backfilled 
with clean fill material.  

2.4 Light Non-Aqueous Phase Liquid and Groundwater Remediation through 
Excavation 

It is anticipated that excavation of impacted soil and removal of recoverable LNAPL will 
mitigate the soil leaching to groundwater pathway. Previous excavation work at the site 
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demonstrated that removal of impacted soil resulted in a decrease in dissolved-phase 
concentrations downgradient and in the excavation area. Monitoring well MW-529, 
which is installed downgradient of the proposed excavation area, has demonstrated 
compliance with its respective groundwater CULs since installation in 2012. 
Groundwater modeling data indicate that groundwater flux at perimeter well MW-510 
stems from upgradient soil and groundwater conditions observed near DB-2. With 
source removal through excavation, and if DPE near the WSDOT stormwater line is 
successful, dissolved-phase groundwater concentrations may meet applicable CULs 
throughout the site. If dissolved-phase petroleum hydrocarbon concentrations remain 
above CULs after a 6-year restoration timeframe, DPE may continue, a MNA program 
may be implemented, or other cleanup actions may be undertaken, depending upon 
site conditions at the time.  

As described below, wells and piezometers near the DB-2 excavation will be 
decommissioned during site preparation. Following the completion of excavation 
activities, three monitoring wells (MW-533, MW-534, and MW-535) will be installed in 
the area of DB-2. These wells will be included in the groundwater Compliance 
Monitoring Plan (CMP) for the DPE system and in the long-term groundwater 
monitoring program to assess whether applicable CULs are met. The performance and 
compliance sampling plan for the site is described in Section 4; additional information is 
included in the SAP in the 2016 IAWP (Arcadis 2016). 

2.5 Site Preparation  

Prior to excavation of DB-2, initial site preparations and protective measures will 
include: 

• Development of an appropriate traffic control plan (TCP) with decontamination 
procedures for equipment and workers at the site. 

• Preparation of a stormwater management plan, including removal and 
reinstallation of existing stormwater conveyance piping that currently intersects 
the planned excavation area. 

• Decommissioning of monitoring well MW-510 and piezometers P-10, P-11, P-12, 
P-14, P-15, and P-16. 

• Relocation of the existing stormwater detention pump control system and 
associated buried electrical lines. 

• Installation of coffer dams in Willow Creek. 

6 
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• Construction of a temporary berm in DB-1.  

A TCP will include procedures detailing the proposed traffic flow pattern to minimize 
traffic-related incidents at the site, minimize excavation downtime, and verify that 
vehicles traveling offsite are adequately decontaminated. A truck wash will be installed 
and used to decontaminate vehicles exiting the exclusion zone. Prior to leaving the 
site, routine truck inspections will take place to verify that loads are secured.  

Existing piping used to collect on-site stormwater intersects the excavation area and 
discharges into DB-2. Under the NPDES construction permit, prior to excavation the 
stormwater collection system will be rerouted around the proposed excavation area 
and will discharge directly into DB-1. Existing piping will be initially capped and then 
removed during excavation activities. 

Existing monitoring wells and piezometers located in the excavation area will be 
decommissioned prior to excavation. Monitoring well MW-510 and piezometers P-10, 
P-11, P-12, P-14, P-15, and P-16 will be decommissioned according to the 
requirements of WAC 173-160-310.  

The existing stormwater detention pond pumping system will be relocated to the berm 
northeast of DB-1. Pumps will be removed from DB-2 and existing pumps within DB-1 
will be relocated to allow for installation of the temporary berm. Electrical lines will be 
removed from the DB-1/DB-2 berm and temporary aboveground wiring will control the 
pumping system in DB-1.  

As discussed above, coffer dams and a temporary berm will be constructed in Willow 
Creek and DB-1, respectively. Installation of the coffer dams and temporary berm will 
allow for appropriate sloping of the excavation sidewalls to remove petroleum 
hydrocarbon impacted soil from the excavation area and along the excavation 
boundaries.  

The remaining objectives under AO No. DE 4460 will be addressed through 
compliance monitoring. Detailed construction drawings and specifications are included 
in the Project Manual (Appendix B).  

7 
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3. Interim Action: Dual-Phase Extraction near the Washington State Department 
of Transportation Stormwater Line 

A soil and groundwater treatment system using DPE will be installed to address 
impacts remaining near the WSDOT stormwater line. This section describes the 
system design, construction plans, and implementation of DPE near the WSDOT 
stormwater line as part of the interim remedial action. DPE is a remedial technology 
that relies on mass transfer and subsequent extraction to reduce the mass of residual 
LNAPL in vadose and smear zone soils in the subsurface. Residual LNAPL is defined 
as LNAPL that is occluded by the aqueous phase, occurring as immobile ganglia 
surrounded by aqueous phase in the pore space or as immobile, non-water-entrapped 
LNAPL that does not drain from the pore spaces (White et al. 2004).  

The DPE system will remediate soil impacts surrounding the WSDOT stormwater line 
and act as a groundwater extraction system, maintaining on-site control of dissolved-
phase COCs and LNAPL. It is anticipated that reducing soil impacts to below soil RELs 
and CULs will result in groundwater meeting COC CULs near the WSDOT stormwater 
line and also address the vapor intrusion pathway.  

3.1 Treatment System Operational Specifications 

The treatment system design and specifications described herein are based on pilot 
testing performed from February 17 through 21, 2015 and March 30 through April 1, 
2015 and are summarized in the DPE Pilot Test Summary (Appendix A).  

The treatment design consists of an array of 14 groundwater extraction wells spaced 
approximately 30 to 40 feet apart, oriented along the alignment of the WSDOT 
stormwater line and targeting impacted soil. Figure 3-1 shows the designed treatment 
wellfield and piping layout.  

Extraction wells will be designed to be 24 feet deep (screened from 4 to 19 feet bgs 
with a 5-foot sump). Each DPE well will be equipped with an electric submersible 
pump and groundwater elevation will be controlled through a variable frequency drive 
(VFD) and groundwater level transducer. Typical well construction details are shown 
on Figures 3-2 and 3-3. Treatment wells will be grouped into subsets from three to 
seven wells. The subset of wells will be established to focus treatment to specific areas 
of the treatment zone. For each subset of wells under vacuum, the designed pumping 
rate is between 8 and 10 gallons per minute (gpm); wells in operation under normal 
conditions are estimated to yield approximately 1 to 3 gpm. The top of the well casing 
will be fitted with a connection to vapor extraction conveyance piping leading to a 
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manifold at the system compound. The manifold will be connected to three rotary claw 
vacuum blowers within the system building.  

The treatment system will be operated to focus treatment on a subset of the well array, 
pulling vacuum on three to five wells at a time while pumping groundwater from each of 
the wells in the network. The subset of wells where vacuum is induced will change over 
time based on vapor phase mass removal rates. When vapor phase mass removal 
rates are asymptotic from a certain well that well will be turned off and vacuum will be 
induced on a different well. Vacuum will be applied to the wells using three high-
vacuum rotary claw blowers that will pull approximately 330 standard cubic feet per 
minute at 20 inches of mercury. Vapors will be treated through an electric catalytic 
oxidizer (CATOx), as described in Section 3.1.2.  

Overall pumping rates for the system will be approximately 75 gpm and will be 
designed to handle approximately 150 percent (110 gpm) of the overall design flow 
rates to account for site heterogeneities and to meet discharge permit requirements. 
Groundwater will be treated through four granular activated carbon (GAC) units in 
series, as described in Section 3.1.3.   

Extracted vapor and groundwater conveyance piping will be installed above grade and 
connected to the treatment system compound located in the southern portion of the 
former Lower Yard, as shown on Figure 3-1. The location of the equipment compound 
was selected based on the preliminary layout of the Edmonds Crossing Project and 
accepted by representatives from the WSDOT during a site visit on October 14, 2014. 
Treatment equipment will be housed inside a prefabricated building and delivered to 
the site with internal components pre-wired and tested. The system compound will 
consist of a system enclosure to house the groundwater and the extracted vapor 
treatment equipment. The main components and specifications for DPE system 
equipment are included in Table 3-1. 

3.1.1 Hydraulic Capture Zone 

The well spacing is designed to create a hydraulic capture zone of a minimum of 25 
feet from the pumped wells. Groundwater will be pumped through vacuum enhanced 
dewatering using a downhole pump.  The pump intake level will be controlled by a level 
transducer coupled with a VFD to control pump speed.  The pumps can be adjusted to 
optimize the capture radius of influence. The pump depth and well spacing will create 
an inward gradient towards the groundwater extraction wells. The measurement of 
groundwater elevation during system operation in existing monitoring wells and 
piezometers, as well as, newly installed piezometers will be used to confirm the 
capture radius of influence. Pilot test data indicate that at designed pumping rates a 
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groundwater drawdown approximately 1 foot below static groundwater elevation was 
observed greater than 45 feet away from the treatment well. Pilot test groundwater 
drawdown data are included in Table 1C and Figure 4 in the DPE Pilot Test Summary 
(Appendix A). 

3.1.2 Vapor Extraction 

Extracted vapor will flow from each well via a 3-inch high density polyethylene (HDPE) 
standard design ratio (SDR) 11 pipe to a 14-leg manifold within the system building. 
Each leg of the manifold will consist of an air flow meter, flow control valve, vacuum 
gauge, and sampling port. A main header will connect the manifold to an air-water 
separator prior to the three blowers in series. Vapor from the blower will discharge into 
a CATOx for treatment prior to discharge to the atmosphere. Accumulated water from 
the separator will be transferred using a Moyno progressive cavity pump, to an 
equalization tank that is part of the groundwater treatment process equipment.  

3.1.3 Groundwater Extraction 

A 4-inch Grundfos or similar electric submersible pump will be installed in each 
extraction well. Above grade Service cord, Oil-resistant jacket, Oil-resistant insulation, 
and Weather/Water resistant (SOOW) cord wiring will connect the pump lead wires 
through a junction box located within the well vault at each extraction wellhead. The 
control wires will lead to individual VFDs within the system control room. To maintain a 
constant drawdown elevation within each extraction well, a pressure transducer will be 
installed above the pump. Lead wires for the transducer will connect to above grade 
SOOW cord through the junction box within the well vault and then to a programmable 
logic controller (PLC) located in the main control panel within the control room at the 
treatment compound. The PLC will send information to the VFDs to change the pump 
speed based on groundwater elevation. A mechanical level switch will be placed within 
the well vault and connected through above grade wiring back to the system control 
panel to shut off the corresponding pump if a leak of extracted groundwater occurs at 
the wellhead. Groundwater conveyance piping will be constructed of 1-inch diameter 
HDPE SDR 11 pipe prefabricated inside a 3-inch diameter HDPE SDR 11 secondary 
containment hose. A DPE well connection detail is shown on Figure 3-3 and piping 
cross section detail is included on Figure 3-4. 

3.1.4 Groundwater Treatment 

Groundwater will be pumped through the conveyance lines to a groundwater extraction 
manifold. The manifold will contain 14 individual legs, each with a flowmeter totalizer, 
gate valve, pressure gauge, sampling port, and check valve (Figure 3-5). The manifold 
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will connect to a main header pipe leading to a conical bottom settling tank. 
Groundwater will flow from the settling tank to an equalization tank under gravity feed. 
The equalization tank will have a high-high alarm that will shut off the system, as well 
as high- and low-level switches controlling a Gould 5-horsepower transfer pump. The 
pump will transfer water to four inline 2,000-pound liquid GAC vessels through two 
Pentair bag filters in parallel with #2 filtration bags. Treated water will be discharged to 
DB-1 under a NPDES permit. The discharge location and constructed outfall at DB-1 is 
shown on Figure 3-6. A process and instrumentation diagram for the treatment system 
is shown on Figure 3-7. The main system components and operational specifications 
are listed in Table 3-1.  

3.1.5 Electrical 

The system will be supplied with 120/208-230 volt three-phase power from an 
upgraded 600-ampere service by Snohomish County Public Utility District (PUD). 
Power for the building and equipment will be connected to the power service drop 
located between DB-1 and former DB-2, near the north side of the former Lower Yard. 
Electrical conduit will be placed above grade, as shown on Figure 3-6. 

3.1.6 System Installation 

As part of pilot test activities, three treatment wells, DPE-1 to DPE-3, and three 
piezometers, PZ-1 to PZ-3, were advanced with a hollow stem auger. The treatment 
wells will be used in the full-scale treatment design as well as PZ-3 that will be 
converted in treatment well DPE-4. Extraction wells DPE-1 and DPE-2 were installed to 
a depth of 30 feet with 5 feet of solid casing to act as sump. DPE-1 and DPE-2 were 
screened from 5 to 25 feet bgs with 0.02-inch slotted screen. Extraction wells DPE-3 
and DPE-4 (PZ-3) were installed to a total depth of 23 feet, with 5 feet of solid polyvinyl 
chloride (PVC) casing to act as a sump. DPE-3 and DPE-4 (PZ-3) were screened from 
5 to 18 feet bgs with 4-inch-diameter 0.02-inch slotted screen (Appendix A).  

Ten additional treatment wells will be installed to a depth of 24 feet with 5 feet of solid 
PVC casing as a sump. The wells will be pre-cleared for subsurface utilities to 8 feet 
bgs with an air knife and vacuum truck to protect any potential underground 
improvements. Number 10-20 Colorado Silica sand will be used as filter pack around 
the well casing, followed by 1-foot of hydrated bentonite and then neat cement to 1 foot 
bgs. Wells will be constructed of 4-inch sch. 40 PVC with 0.02-inch slotted screen from 
4 to 19 feet bgs with a 5-foot sump. Well construction details may change based on 
field observations during drilling. Well construction details are shown on Figure 3-2. 
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Additionally, in order to monitor the system, seven piezometers (PZ-4 to PZ-10) will 
be installed to a depth of 19 feet and screened from 4 to 19 feet bgs with 1-inch-
diameter 0.02-inch slotted screen. DPE system monitoring well locations are shown 
on Figure 3-8. Piezometer construction details are shown on Figure 3-9. 

During treatment well and piezometer installation, soil will be field screened for 
lithologic description and headspace volatile organic compound (VOC) 
concentrations. A sample will be obtained every 5 feet using 2.5-foot split spoon 
samplers. Soil will be disposed of in 55-gallon Department of Transportation (DOT) 
approved steel drums for offsite disposal under an existing waste profile.  

The treatment well and piezometer will be developed using standard surge and 
purge techniques with a surge block and well pump, according to Arcadis’ Standard 
Operating Procedure. Purge water will be disposed of offsite at an approved disposal 
facility.  

3.1.7 Construction Plans 

Construction plans are included in Appendix C and described below. Construction 
plans will be used for the full-scale system installation and will be provided to the 
system installation subcontractor. Construction drawings will be field verified and any 
changes will be discussed and approved by the engineer prior to implementation. A 
final revised set of as-built construction drawings will be kept on site and submitted with 
a final construction implementation and system startup report.  

3.1.7.1 Treatment Well Installation 

As described in Section 3.1.6, the wells will be advanced using a hollow stem auger 
rig. The wells will be completed with an above grade weatherproof fiberglass vault, with 
the base of the vault set approximately 6 inches bgs. The vault will be set in a concrete 
skirt, with the base of the vault in gravel backfill for drainage. Conveyance piping and 
control wires will enter the side of the vault and will be sealed to contain any potential 
leaks. A wellhead connection and vault detail is shown on Figure 3-3. 

3.1.7.2 Piezometer Installation 

As described in Section 3.1.6, the piezometers will be advanced using a hollow stem 
auger rig. The screen interval will be set from 4 to 19 feet bgs, however, the screen 
interval may be altered based on observations during drilling. Sand packs will be 
constructed of Number 10-20 Colorado Silica sand and extend from one foot above the 
screened interval to the total depth of the well Each of the monitoring wells will be 

12 



Former Unocal Edmonds 
Bulk Fuel Terminal 
Edmonds, Washington 

 
Final Engineering Design 
Report 
 
  

completed with hydrated bentonite chips to one foot bgs, with flush-mount well 
monuments set in concrete at the ground surface. 

3.1.7.3 Piping Installation 

Piping will be installed above grade to avoid trenching and soil disposal and handling 
issues. Piping size and materials are as follows: 

• Vapor conveyance – 3-inch HDPE SDR 11. 

• Water conveyance – Pre-fabricated dual contained pipe with 1-inch HDPE SDR 
11 conveyance pipe constructed within 3-inch HDPE SDR 11 containment pipe. 

• Treated discharge – 2-inch sch. 40 PVC with ⅜-inch insulating wrap.  

Piping will be delivered to the site in 20-foot sections, cut to size by the on-site 
contractor, and secured to the ground with Unistrut® and U bolt clamps approximately 
every 25 to 50 feet. Piping connections will be made using either low-VOC PVC glue 
and slip couplings or HDPE fusion welds based on pipe materials used. Piping will 
connect to prefabricated terminations with weatherproof seals through the treatment 
compound sidewall. Piping locations and cross-section details are shown on Figures 3-
1 and 3-4, respectively.  

3.1.7.4 Electrical Installation 

Power will be installed above grade in a conduit from an existing panel upgraded to 
600-amp service, or from a newly installed transformer and overhead lines with a 
temporary power pole and new disconnect located at the system compound. The PUD 
will perform a site walk prior to construction to determine the appropriate location of the 
new or upgraded power service. Electrical work will be completed by a licensed 
electrician. System components will be prewired, and panels will be tested prior to 
shipment and certified by Underwriters Laboratory. An electrical conduit cross-section 
detail is included on Figure 3-4. 

3.1.7.5 Pad Construction 

A concrete pad will be constructed as the foundation for the DPE treatment system 
building.  The pad will be approximately 50 feet long by 20 feet wide and 6 inches thick.  
It will be reinforced with welded wire mesh. The pad will have a minimum 1-foot 10-inch 
turndown footer with reinforced #5 rebar. The concrete pad will be constructed of 
normal weight concrete with a design strength of 3,000 pounds per square inch (psi) at 
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28 days curing time. The reinforced mesh will have a minimum cover of 3 inches and a 
minimum overlap of 25 inches. The reinforcing steel will be Grade 60. System pad 
construction details are presented on page C-8 of the construction drawing set 
(Appendix C).  

3.1.7.6 Waste Handling 

The above grade construction design will limit the amount of trenching, soil handling, 
and soil disposal required. Soil generated from DPE well installation will be handled in 
accordance with state requirements and containerized in DOT-approved 55-gallon 
steel drums. Soil will be labeled and staged in designated areas prior to disposal under 
an existing site waste profile. Soil will be transported offsite to a Chevron approved 
landfill. 

3.1.7.7 Construction Quality Assurance/Quality Control and Health and Safety Oversight 

To ensure the DPE system is installed according to construction specifications, Arcadis 
will provide oversight during installation as well as quality assurance (QA) and quality 
control (QC) for all aspects of the project.  A Professional Engineer, licensed in 
Washington, or a technician under the direct supervision of a Professional Engineer 
licensed in Washington, will provide oversight for all aspects of construction as required 
by WAC 173-340-400(6)(b). Specialty contractors (general contractor, waste hauler, 
and electrical contractor) will install equipment and start up the system. Site workers 
will complete the hazardous waste operation and emergency response 40-hour 
training. 

The contractor will record work performed during construction activities. Records will 
include construction techniques and the materials used. The contractor will also 
complete the following records: 

• Daily Activity Log. This log will be completed daily and will document activities and 
personnel working at the site. Daily Activity Logs will be provided weekly to the 
designated Chevron representative. 

• Onsite Transfer Log. This log details soil generated and transferred within the site 
boundaries (e.g., excavation area to stockpile area), as well as the approximate 
quantity and source of the soil (e.g., Excavation Area A). 

• Offsite Tracking Log. This will be a continuous log of all offsite shipments. This log 
will include the type and source of material, day shipped, receiver, and weight of 
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the material. A copy of the Offsite Tracking Log will be provided weekly to the 
designated Chevron representative. 

• Health and Safety Log. Health and safety monitoring results will be recorded daily 
on the Health and Safety Log. The information recorded will include the personnel 
working at or visiting the site and the levels of personal protection used.  

The following items will be completed by Chevron or a designated representative: 

• Bills of lading for shipment. The contractor will provide the designated Chevron 
representative with bill of lading information. The designated Chevron 
representative will be responsible for reviewing and signing all bills of lading for 
waste shipment. 

• Compliance monitoring documentation. All analytical data will be uploaded to 
Ecology’s Electronic Information Management Database. 

Routine checks will be completed by the engineer and subcontractor representatives. If 
site conditions require a change in design, a written procedure will be approved by the 
engineer and recorded in the final as-built design and construction report.  

The contractor will be responsible for DPE system conveyance piping pressure testing 
in accordance with American Society of Mechanical Engineers pressure piping code 
B31.2. The contractor will ensure that pressure tests are conducted by blinding off pipe 
ends. The pipes will be pressurized with a minimum of 5 psi and held for a minimum of 
30 minutes. Site construction QA/QC personnel will provide oversight during the 
pressure tests. 

3.1.8 System Startup Operation and Maintenance 

During startup activities, field operating conditions will be monitored and adjusted to 
verify that design criteria are being met and are within permit requirements. Periodic 
site visits will be conducted to monitor and record readings from the DPE system. 
Initially, site visits may occur more than once a week, reducing to bimonthly visits 
following system optimization. Parameters such as pressure, flow, and temperature will 
be recorded and adjustments will be made to confirm that the system is operating at 
optimal conditions and within permit limits. As required, maintenance will also be 
performed during site visits. An operation and maintenance manual will be kept at the 
site for reference and to verify proper operation of the system. Compliance monitoring 
will be conducted based on the appropriate permit requirements and schedule. Post-
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treatment VOC effluent concentrations will be monitored for compliance with Puget 
Sound Clean Air Agency (PSCAA) permit conditions 

Groundwater will be treated and discharged under a NPDES permit. A totalizer and 
flow meter will monitor discharge flow rates; routine sampling will monitor discharge 
compliance according to NPDES permit conditions.   

3.1.8.1 Hydraulic Capture Zone Confirmation 

Initial system operation will focus groundwater extraction on all treatment wells in order 
to lower the water table approximately 3 feet within 15 feet of the remediation wells. 
Transducers will be set in each well to ensure the groundwater is lowered to pump 
intakes. The groundwater drawdown and capture zone will be verified during operation 
of the treatment system. The capture radius of influence will be confirmed showing an 
inward gradient towards the treatment wells through the measurement of groundwater 
elevation during system operation in monitoring wells MW-525, MW-526, MW-531 and 
MW-532, as well as, piezometers PZ-1, PZ-2 and PZ-4 to PZ-10 newly installed. 

3.1.8.2 Vapor Extraction Optimization 

Vapor extraction will be focused on four to five treatment wells at a time to maximize 
induced vacuum and flow rates to each well. Vapor extraction flow rates and VOC 
concentrations from individual wells will be used to calculate vapor phase mass 
removal rates. Based on these vapor phase mass removal rates, vapor extraction from 
the treatment wells will be adjusted to other wells. Vapor extraction from new wells will 
be brought online and wells that have reached asymptotic vapor phase removal will be 
shut off.  

3.1.8.3 Remote System Monitoring 

The treatment system will have remote access and emergency notification capabilities.  
When an alarm condition exists the system will immediately notify Arcadis operation 
and maintenance (O&M) personnel. Alarm notification will occur for all critical alarm 
conditions noted as required control devices on Figure 3-7.  O&M personnel will be 
able to remotely access the system interface to determine the root cause of alarm 
conditions or check on operational status and system parameters.  

3.1.9 Shutdown Criteria 

Following asymptotic mass removal in the vapor phase (indicating low vapor phase 
mass removal rates), confirmation soil samples will be collected and laboratory testing 
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for fractionated hydrocarbon analysis, including volatile petroleum hydrocarbon (VPH) 
and extractable petroleum hydrocarbon (EPH) will be performed. The EPH/VPH data 
will be used to confirm the site-specific CUL for total petroleum hydrocarbons (TPH) in 
soil, which was calculated from soil samples collected prior to interim actions at the 
site, is still appropriate. If confirmation soil samples are less than the confirmed CUL for 
soil, and no single sample is twice the CUL, the vapor extraction portion of the 
treatment system will be shut down.  

Following vapor extraction shutdown, groundwater extraction may continue to ensure 
that an inward gradient near these wells is observed, until groundwater concentrations 
in MW-525 and MW-526 are less than CULs, or will be less than CULs in a reasonable 
restoration timeframe. The pumping system will be turned off when groundwater 
concentrations are below CULs. 

3.1.10 Applicable or Relevant and Appropriate Requirements 

MTCA requires that cleanup actions comply with applicable state and federal laws 
(WAC 173-340-710). MTCA defines applicable state and federal laws to include 
“legally applicable requirements” and “relevant and appropriate requirements.” Chevron 
has a continuing obligation to review whether additional permits or approvals 
addressed in RCW 70.105D.090 (1) would otherwise be required for these interim 
actions. If Ecology or Chevron determines that additional permits or approvals are 
needed, the determining party will promptly notify the other party. The laws and 
regulations cited in Appendix D of the 2016 IAWP pertain to nonhazardous waste 
because hazardous waste does not exist at the site, and the generation, handling, and 
treatment/disposal of hazardous waste is not anticipated as part of the remedial action 
(Arcadis 2016). Appendix D of the 2016 IAWP does not refer to State Dangerous 
Waste regulations (WAC 173-304) or Resource Conservation and Recovery Act 
Subtitle C regulations (40 Code of Federal Regulations [CFR] 260-268), which control 
the management and disposal of hazardous waste.  
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4. Performance and Compliance Monitoring 

As part of the remedial strategy discussed in this EDR, compliance monitoring will be 
implemented as required by WAC 173-340-410 and 173-340-720 through 173-340-
760. This section describes the components of compliance monitoring, including 
protection, performance, and confirmation monitoring during and following excavation 
activities near DB-2 and DPE operation to meet the following requirements: 

• Protection monitoring will verify that human health and the environment are 
adequately protected during construction, operation, and maintenance periods. 

• Performance monitoring will confirm that the cleanup action is performing in a 
manner that will allow for cleanup standards to be attained. 

• Confirmation monitoring will verify the long-term effectiveness of the remediation 
efforts following completion of the remedial activities required in a CAP. 

General components of performance monitoring for the DB-2 vicinity excavation 
activities and DPE operation conducted in accordance with the 2016 IAWP (Arcadis 
2016) are described below.  

General components of compliance monitoring for the long-term effectiveness of the 
remediation efforts following completion of remedial activities (confirmation monitoring) 
also are discussed below. Details will be provided in a separate CMP and in an 
Operation and Maintenance Manual (OMM) for the DPE system. 

4.1 Long-Term Groundwater Compliance Monitoring 

Periodic groundwater monitoring of compliance wells will be conducted to measure 
long-term COC trends during DPE implementation and to verify the long-term 
effectiveness of remediation efforts. Similar to the existing groundwater compliance 
monitoring, sampling events will be conducted quarterly and semiannually for interior 
and perimeter compliance wells.  Wells in which COC concentrations exceed cleanup 
levels will be monitored quarterly. Compliance groundwater monitoring will continue at 
the site until COC concentrations in site wells meet CULs for a minimum of eight 
consecutive quarters. The compliance groundwater monitoring activities will be further 
discussed in the CMP.  
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4.1.1 Groundwater Sample Collection and Analysis 

Groundwater compliance monitoring will include gauging and sampling of interior and 
perimeter compliance wells. Wells will be gauged quarterly to measure water levels, 
identify the presence of recoverable LNAPL, and calculate hydraulic gradient across 
the site. 

Groundwater samples will be collected using low-flow methods to monitor dissolved-
phase COC concentrations in compliance wells and to assess MNA parameters. 
During purging, water quality parameters (dissolved oxygen, oxidation-reduction 
potential, pH, conductivity, and temperature) will be monitored. Samples will be 
collected once parameters stabilize.  

Analytes will include: 

• Benzene by United States Environmental Protection Agency (USEPA) Method 
8021B 

• Gasoline range organics (GRO) by Ecology Method NWTPH-Gx 

• Diesel range organics (DRO) and heavy oil range organics (HO) by Ecology 
Method NWTPH-Dx (after silica gel cleanup) 

• Polycyclic aromatic hydrocarbons (PAHs) by USEPA Method 8270 selected ion 
monitoring 

• Sulfate and nitrate by USEPA Method 300.0 

• Dissolved methane by USEPA Method RSK 175 

• Dissolved manganese by USEPA Method 200.8 (field filtered) 

• Ferrous iron (Hach field kit) 

The sampling schedule and methodology will be described in the CMP. 

4.2 Dual-Phase Extraction Compliance Monitoring 

Compliance monitoring during and following DPE operation will include the following 
components: 
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• DPE system monitoring (including NPDES monitoring of discharged water, 
PSCAA compliance monitoring of discharged air, and groundwater capture zone 
assessment). 

• Periodic groundwater monitoring of compliance wells to assess COC 
concentrations with respect to CULs. 

• Soil sampling in known areas of impact to assess compliance with RELs and 
CULs. 

4.2.1 Dual-Phase Extraction System Monitoring 

Routine operation, maintenance, and monitoring of the treatment system will be 
performed to verify that the requirements for performance monitoring per WAC 173-
340-410 are met. Periodic site visits will be conducted to collect data and perform tasks 
that will be used to track remedial progress, verify operational compliance, and (if 
necessary) schedule maintenance and/or replacement work. The system will be 
capable of automatic system call out for alarm notification, as well as, a remote 
interface that will notify Arcadis OMM personnel of any abnormal operating condition.  
OMM personnel will be able to access the system remotely to determine the root cause 
of alarm conditions and respond automatic system shutdown.  System performance 
monitoring requirements and maintenance activities will be described in the OMM, 
which will be prepared prior to system operation. The OMM will be updated 
periodically.  

Quarterly groundwater gauging will be performed to assess whether the DPE system is 
effectively capturing groundwater and mitigating offsite migration of impacted 
groundwater (Figure 3-8). Potentiometric surface maps will be created.  

A PSCAA permit is required for the discharge of treated effluent air to the atmosphere 
and a NPDES permit is required to discharge treated groundwater to DB-1. Arcadis will 
submit applications for PSCAA and NPDES permits prior to DPE implementation so 
that permits are issued prior to system operation. 

4.2.1.1 Puget Sound Clean Air Agency Compliance Monitoring 

Post-treatment effluent air monitoring will occur monthly to comply with the 
requirements of the PSCAA permit. Extracted vapor from the DPE wells will flow 
through a condensation knockout tank before treatment by either a CATOx or GAC, 
and will be vented to ambient air. Air samples will be collected monthly from the post-
treatment effluent stack and may be analyzed for the following constituents:  
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• Benzene by USEPA Method 18 
• GRO by USEPA Method 25 

The list of required analytes and respective methodologies will be included in the 
PSCAA permit at the time of issue. Additional information regarding PSCAA 
compliance monitoring will be provided in the OMM following receipt of the final permit 
conditions. 

4.2.1.2 National Pollutant Discharge Elimination System Compliance Monitoring 

Post-treatment DPE effluent groundwater sampling will occur as required by the 
NPDES permit. Extracted groundwater will be pumped by the DPE system through an 
oil-water separator, followed by a particulate filter, air stripper, and GAC beds. Treated 
water will be discharged to DB-1 under a NPDES industrial stormwater permit. The 
NPDES permit will be a revised version of the NPDES construction permit used during 
excavation activities conducted at the site in 2007 and 2008. The proposed wastewater 
discharge will be characterized for the following parameters: 

• Benzene, toluene, ethylbenzene, and total xylenes 
• GRO, DRO, and HO 
• Lead and arsenic 
• 1-Methlynapthalene, 2-methylnapthalene, and naphthalene 
• pH, turbidity, and total suspended solids 
• PAHs 

The list of required analytes and respective methodologies will be specified in the 
NPDES permit at the time of issue. Samples will be collected using procedures 
described in the 2016 IAWP (Arcadis 2016). 

4.2.2 Groundwater Compliance Monitoring  

Groundwater monitoring will include gauging and sampling of perimeter and interior 
monitoring wells. Compliance wells will be gauged to monitor water levels, identify the 
presence of recoverable LNAPL, and measure the hydraulic gradient across the site. 
Samples will be collected from the compliance wells to monitor dissolved-phase COC 
concentrations and to assess MNA. The sampling schedule and methodology will be 
described in the CMP for the DPE system and for long-term groundwater monitoring. 
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4.2.3 Washington State Department of Transportation Stormwater Line Soil Sampling 

Soil sampling will be conducted after the DPE system mass removal rates have 
reached asymptotic levels. Soil samples will be collected in areas of known impact 
near the WSDOT stormwater line to assess whether applicable direct contact soil 
CULs have been met and to assess the long-term effectiveness of the remediation 
efforts. Sampling will be conducted when operational data indicate that the system has 
treated vadose and smear zone soils, as evidenced by decreases in vapor-phase 
concentrations in the effluent air stream or in COC concentrations in monitoring wells 
MW-525 and MW-526. The sampling schedule and methodology will be described in 
the CMP for the DPE system and for long-term groundwater monitoring. 
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5. Reporting 

An Interim Action As-Built Report will be completed by the engineer responsible for 
oversight of the interim action. In accordance with WAC 173-340-400(6)(b)(ii), the 
Interim Action As-Built Report will be prepared at the completion of construction, 
document all aspects of facility construction, and include as-built drawings. The Interim 
Action As-Built Report will also contain an opinion from the engineer, based on testing 
results and inspections, as to whether the cleanup action has been constructed in 
substantial compliance with the plans, specifications, and related documents. 

The following information will be provided in the Interim Action As-Built Report: 

• Field activity descriptions, including any unusual or unexpected events or 
conditions. 

• Daily field documentation and reports. 

• Copies of chain of custody forms and laboratory reports. 

• Copies of bills of lading. 

• Electronic database on CD containing sampling data. Sampling data will be 
submitted to Ecology’s Environmental Information Management System as 
required by AO DE No. 4460. 

• Routine system operation and maintenance startup report. 

The Interim Action As-Built Report will be submitted in both paper copy and as an 
Adobe Acrobat file (.pdf format).  The number of paper copies will be specified by 
Ecology.  A disk with the Adobe Acrobat file will be bound into the paper copies.  
Voluminous appendices may be included in the Adobe Acrobat file only, with the 
approval of Ecology. 

A groundwater sampling report will be prepared after each year of sampling and will 
include the following: 

• Descriptions of field activities, to include any unusual or unexpected events or 
conditions. 

• Figures displaying TPH, benzene, and total carcinogenic polycyclic aromatic 
hydrocarbon (cPAH) concentrations in the groundwater samples. 

• Tables containing groundwater monitoring data, as well as groundwater sample 
analytical results (geochemical indicators and IHSs). 
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• Copies of laboratory reports and chain of custody documentation. 

• Electronic database containing all sampling data. 

Groundwater sampling reports will be submitted in both paper copy and as an Adobe 
Acrobat file (.pdf format).  The number of paper copies will be specified by Ecology.  A 
disk with the Adobe Acrobat file will be bound into the paper copies.  Voluminous 
appendices may be included in the Adobe Acrobat file only, with the approval of 
Ecology. 
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6. Schedule of Deliverables 

It is expected that Ecology will endeavor to return comments by the dates in the 
Schedule of Deliverables in the IAWP dated 2016, January 27. If Ecology does not 
return comments by these dates, there will be a day-for-day extension of the schedule.  
If Chevron does not submit deliverables by the date in the Schedule of Deliverables 
there will be a day-for-day extension of Ecology review time. 

Under the 2016 IAWP (Arcadis 2016), the DB-2 excavation will be conducted and a 
DPE system adjacent to the stormwater line will be installed. The DPE system will be 
operated in accordance with the OMM. After 12 months of operation, or upon obtaining 
asymptotic DPE system mass removal rates from the pretreatment effluent vapor 
stream (whichever comes earlier), the ability of the DPE system to achieve treatment 
objectives within the calculated restoration time frame will be evaluated. The evaluation 
will also assess whether the system’s hydraulic capture zone of a minimum of 25 feet 
is confirmed by field measurements to be at least as large as the zone described in this 
EDR, and will verify whether discharge from the DPE system meets NPDES permit 
requirements. The CMP will establish the soil and groundwater sampling requirements 
that will be needed to confirm that remediation has met the calculated CULs throughout 
the site. 

Upon completion of the interim action (excavation of DB-2 and installation of the DPE 
system) and the DPE system evaluation described above, the 2014 draft FS Report for 
the site will be finalized.  

A draft CAP will then be prepared and submitted to Ecology for review as required by 
AO No. DE 4460. If soil and groundwater meet the cleanup standards upon completion 
of the interim action, the draft CAP will document that cleanup standards have been 
met. If soil and groundwater cleanup standards have not been met, the draft CAP will 
develop alternative cleanup actions to achieve cleanup standards and may present a 
preferred cleanup action. 

Ecology will review the draft CAP and use it as the basis for preparing Ecology's draft 
CAP. Ecology's draft CAP will be an exhibit to a new draft Consent Decree. The new 
draft Consent Decree will be issued for public comment and revisions will be made as 
necessary. Upon entry into Snohomish County Superior Court, the new Consent 
Decree will take effect and govern further actions at the site. 
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WELL

VAULT

FUNCTIONCONTROL UNIT

NEEDLE VALVE

SPRAY NOZZLE

FITTINGS SYMBOLS

VACUUM BLOWER

OIL-LESS

COMPRESSOR

LIQUID-RING

BLOWER

CAP (THREADED)

VALVE SYMBOLS

REDUCER

RAIN CAP

WYE STRAINER

GATE (NORMALLY 

OPEN)

GATE (NORMALLY

CLOSED)

BALL (NORMALLY 

OPEN)

BALL (NORMALLY 

CLOSED)

BALL CHECK

SPRING CHECK

BUTTERFLY

(NORM. OPEN)

BUTTERFLY

(NORM. CLOSED)

PLUG

(THREADED)

COALESCING

FILTER

DISCHARGE

SILENCER

PRIMARY EQUIPMENT SYMBOLS

FLEXIBLE HOSE

OR CONNECTOR

ORIFICE-PLATE

FLOWMETER

CAM LOCK

UNION

VACUUM RELIEF

FLANGED JOINT

PRESSURE RELIEF

PRESSURE

REGULATOR

SOLENOID

(NORMALLY

CLOSED; FAIL

CLOSED)

METERING PUMP

P-TRAP

PRESSURE/

VACUUM RELIEF

SEATLESS CHECK

AUTOMATIC

DRAIN

QUICK

DISCONNECT

QUICK

DISCONNECT

ALL HIGH HIGH OR LEL LEVEL SWITCHES ARE MANUAL RESET

BOSS POSITIVE

METAL-TO-POLYME

COUPLER

FUNCTIONCONTROL UNIT FUNCTIONCONTROL UNIT FUNCTIONCONTROL UNIT

SECONDARY CONTAINMENT

(TP-1)

TRANSFER PUMP

AFS

ES

LEL

807

805

110

TSH

806

PI

ES

112

PI

0-60 psi

106

PTS

FILTER

BAG

PI

0-60 psi

PI

107

PTS

FILTER

BAG

PI

PI

0-60 psi

PI

0-60 psi

108

PTS

AQUEOUS

PHASE GAC

(75 PSI - 

RATED

PREFERRED)

(G-4)

AQUEOUS

PHASE GAC

(75 PSI - 

RATED

PREFERRED)

(G-3)

PI

FE

VENT

(
C

L
E

A
R

F
L
E

X
H

O
S

E
)

0-30 psi

(SS)

SIPHON BREAK

FE

CARBON BYPASS

109

FIT

OPTIONAL

PI

0-30 psi

LSHH

101

FLOW

INDICATOR

PITOT TUBE OR

ANEMOMETER

VIVI

DILUTION

AIR

FROM ADDITIONAL WELLS

VI

PARTICULATE

FILTER

AIR/WATER

SEPARATOR

(A-1)

(ALL PIPING AND

TANK ARE TO BE

RATED FOR FULL

VACUUM)

DPI

104

LSHH

104A

LSH

104B

LSL

DISCHARGE TO

ATMOSPHERE

ELECTRIC

CATALYST CELL

(S-1)

HEAT EXCHANGER

HEATER

FIT

VIT

TIT

503

VSH

FIT

PIT

TIT

DPS

805

TSHH

804

OPTIONAL BYPASS

803

TSH

FLOWMETER

FLOWMETER

801

PTS

LSH

502A

LSL

502B

LSHH

502

V
E

N
T

VI

BLOWER

(B-1)

0-30" Hg

AIR FILTER

AIR FILTER

TI

TI

PI

PI

VI

0-30" Hg

ES

111

FLAME ARRESTOR

ADC

806

AUTOMATIC

LINE ISOLATION

VALVE

AUTOMATIC DILUTION

VALVE AND

4" AIR FILTER

VIT

0-10" WC

PROGRESSIVE

CAVITY TRANSFER

PUMP

802

FA

BLOWER

(B-1)

VENT

VENT TO OUTSIDE

LSHH

102

101

LSHH LEVEL SWITCH/ALARM HIGH HIGH:

TURNS OFF ALL SYSTEMS

LEVEL SWITCH/ALARM HIGH HIGH:

TURNS OFF ALL SYSTEMS

104

LSHH LEVEL SWITCH/ALARM HIGH HIGH:

TURNS OFF ALL SYSTEMS

106

PTS PRESSURE TRANSMITER SWITCH/ALARM HIGH:

TURNS OFF ALL SYSTEMS

107

PTS

108

PTS

110

ES EMERGENCY STOP SWITCH (INTERNAL #1):

TURNS OFF ALLSYSTEMS

PRESSURE TRANSMITER SWITCH/ALARM HIGH:

TURNS OFF ALL SYSTEMS

PRESSURE TRANSMITER SWITCH/ALARM HIGH:

TURNS OFF ALL SYSTEMS

111

ES EMERGENCY STOP SWITCH (EXTERNA

TURNS OFF ALLSYSTEMS

109

FIT

FLOW INDICATOR AND TOTALIZER

502

LSHH LEVEL SWITCH/ALARM HIGH HIGH:

TURNS OFF ALL SYSTEMS

LSH

502

LSL

502

503

VSH VACUUM SWITCH/ALARM HIGH HIGH:

TURNS OFF ALL SYSTEMS

801

PTS

AIR PROVING SWITCH

(PRESSURE SWITCH/ALARM LOW):

TURNS OFF ALL SYSTEMS

803

TSH

TEMPERATURE SWITCH/ALARM LOW:

CLOSES AUTOMATIC DILUTION VALVE (ADC)

WHEN SYSTEM REACHES OPERATING 

TEMPERATURE RANGE

805

DPS DIFFERENTIAL PRESSURE SWITCH/ALARM

HIGH HIGH: TURNS OFF ALL SYSTEMS

806

ADC

AIR DILUTION CONTROL VALVE:

OPENS AT HIGH TEMP TO COOL

OXIDIZER

CLOSES AT OPERATING TEMP

802

FA

FLAME ARRESTOR:

PREVENTS FLAMES FROM PROPOGATING 

UPSTREAM IN EVENT OF EXPLOSION

804

TSHH TEMPERATURE SWITCH/ALARM HIGH HIGH:

TURNS OFF ALL SYSTEMS

FUNCTIONCONTROL UNIT

805

AFS

AIR-FLOW SENSOR/ALARM

HIGH HIGH:

TURNS OFF ALL SYSTEMS

806

TSH

TEMPERATURE SWITCH/ALARM

HIGH HIGH:

TURNS OFF ALL SYSTEMS

807

LEL

LOWER EXPLOSIVE LIMIT /ALARM

HIGH HIGH:

TURNS OFF ALL SYSTEMS

EQUALIZATION

TANK

TYPICAL

GWCDPE WELL

REQUIRED ONLY IF

ENCLOSED SYSTEM

COMPOUND

FLEX CLEAR HOSE

REQUIRED CONTROL DEVICES

ARE OUTLINED BOLD

VI

CONTROL

ROOM

VFD (TYP OF 12)

DISCHARGE

TO DB-2

CLASS 1 - DIV. 2 AREA

ES

114

VI

BLOWER

(B-1)

0-30" Hg

AIR FILTER

TI

PI

LSH

104A

LSL

104B

LEVEL SWITCH HIGH:

TURNS ON AS TRANSFER PUMP (TP-1)

LEVEL SWITCH LOW:

TURNS OFF TRANSFER PUMP (TP-1)

112

ES

FUNCTIONCONTROL UNIT

EMERGENCY STOP SWITCH

INTERNAL #2 TURNS OFF ALL SYSTEMS

113

ES

EMERGENCY STOP SWITCH

EXTERNAL #2 TURNS OFF ALL SYSTEMS

114

ES

EMERGENCY STOP SWITCH

CONTROL ROOM TURNS OFF ALL SYSTEMS

L #1):

AQUEOUS

PHASE GAC

(75 PSI - 

RATED

PREFERRED)

(G-2)

PI

VENT

(
C

L
E

A
R

F
L
E

X
H

O
S

E
)

0-30 psi

(SS)

INSIDE BUILDING

PI

FLOW

INDICATOR

PIPI

FROM ADDITIONAL WELLS

VI

CONICAL

BOTTOM

TANK

102

LSHH

AQUEOUS

PHASE GAC

(75 PSI - 

RATED

PREFERRED)

(G-1)

PI

VENT

(
C

L
E

A
R

F
L
E

X
H

O
S

E
)

0-30 psi

(SS)

A

B

LEVEL SWITCH HIGH:

TURNS ON AS TRANSFER PUMP (TP-2)

LEVEL SWITCH HIGH:

TURNS ON AS TRANSFER PUMP (TP-2)

ABBREVIATIONS:

DPI DIFFERENTIAL PRESSURE INDICATOR

ES EMERGENCY STOP

FA FLAME ARRESTOR

FE FLOW INDICATOR

FIT FLOW INDICATOR AND TOTALIZER

LEL LOWER EXPOSURE LIMIT

LSL LEVEL SWITCH LOW

LSH LEVEL SWITCH HIGH

LSHH LEVEL SWITCH HIGH HIGH

PI PRESSURE INDICATOR

PIT PRESSURE INDICATOR TRANSMITTER

PSI POUNDS PER SQUARE INCH

PTS PRESSURE TRANSMITTING SWITCH

SS STAINLESS STEEL

TI TEMPERATURE INDICATOR

TIT TEMPERATURE INDICATOR TRANSMITTER

TS TEMPERATURE SWITCH

VFD VARIABLE FREQUENCE DRIVE

VI VACUUM INDICATOR

VIT VACUUM INDICATOR TRANSMITTER

(TP-2)

113

ES

R
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Appendix A 

Dual-Phase Extraction Pilot Test 
Summary 
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