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1.0 INTRODUCTION

This document presents a completion report for long-term stormwater treatment (LTST) at North
Boeing Field (NBF). A figure showing the vicinity of the site is provided as Figure 1. The U.S.
Environmental Protection Agency (EPA) and Washington State Department of Ecology (Ecology) have
been working with The Boeing Company (Boeing); the City of Seattle (City), Washington; and King
County to eliminate sources of polychlorinated biphenyls (PCBs) in stormwater discharges to Slip 4 of
the Lower Duwamish Waterway (LDW). On September 23, 2010, EPA issued an Action Memorandum
for the Time-Critical Removal Action at North Boeing Field near the Slip 4 Early Action Area of the
Lower Duwamish Waterway Superfund Site (EPA 2010). On September 29, 2010, Boeing entered into
an Administrative Settlement Agreement and Order on Consent for Removal Action (ASAOC) with the
EPA (EPA and Boeing 2010). This document is a required deliverable under the ASAOC, which requires
that Boeing address the discharge of PCBs to the Slip 4 Early Action Area (EAA) through short-term and
long-term stormwater treatment removal actions. The LTST system is now functional and operational,
and consists of a chitosan-enhanced sand filtration (CESF) system that preferentially treats storm flows
from the NBF North Lateral, while also treating storm drain base flow and a portion of all the storm flow
that drains to the lift station and to Slip 4 (Figure 2).

1.1 PROJECT SITE DESCRIPTION

NBF is located east of East Marginal Way South, adjacent to the King County International
Airport (KCIA) and the City’s Georgetown Steam Plant (GTSP). The approximate street address is 7370
East Marginal Way South, Seattle, Washington. NBF is approximately 150 feet (ft) from the head of Slip
4, which is an EAA at approximately River Mile 2.8 on the Duwamish Waterway within the LDW

Superfund Site. The location of the site is shown on Figure 1.

1.2 PROJECT BACKGROUND

Boeing has conducted operations at NBF since the 1940s. NBF is used for research, flight
testing, aircraft finishing, and delivery facilities. Stormwater from NBF is collected and conveyed by
storm drains to Slip 4 of the LDW. In 2001, the LDW was placed on the National Priorities List
(Superfund) pursuant to the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA). In 2003, the sediments and portions of the bank in Slip 4 were identified as an EAA due to
the presence of PCBs in the sediment. Prior to cleanup of Slip 4, Ecology determined that ongoing
sources of PCB discharges to Slip 4 should be controlled to reduce the likelihood of recontamination of

the sediment following cleanup. Previous investigations at the NBF site identified the presence of PCBs
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in solids in manholes, catch basins, and sediment traps, and in water in the NBF storm drain system,
which discharges to Slip 4 via the KCIA Storm Drain #3 PS44 Emergency Overflow (EOF).

As defined in the ASAOC, “stormwater” shall mean all liquids, including any particles dissolved
therein, in the form of base flow, stormwater runoff, snow melt runoff, and surface runoff and drainage,
as well as all solids that enter the storm drainage system. “System,” when used in the context of storm
drainage, shall mean the combination of all manholes, catch basins, pipes, and other drainage devices and
conveyances designed, constructed, and used for the purpose of carrying stormwater from NBF to Slip 4
of the LDW, and the drainage basin associated with these devices and conveyances.

The majority of PCBs discharging from NBF to Slip 4 via the NBF storm drain system were
previously identified to be from the North Lateral portion of the storm drain (SAIC 2010a). Under the
ASAOQOC, Boeing installed a short-term stormwater treatment (STST) facility to remove PCBs from a
large portion of the North Lateral of the NBF storm drain system prior to discharge to Slip 4 (Landau
Associates 2010, 2011a). The STST facility, consisting of a 500 gallon per minute (gpm)-capacity CESF
system, was placed into continuous operation on September 15, 2010 and operation continued until the
1,500 gpm LTST facility was installed and operating on October 28, 2011.

During operation of the STST facility, whole water grab samples and filtered solids were
collected at the STST facility and two ISCO automated samplers were set up downstream of the STST
facility to monitor compliance with the Interim Goals established by the EPA for the STST facility, to
evaluate performance of the STST facility, and to support design of the LTST facility. Compliance
monitoring during the STST operation was performed using ISCO automated samplers to collect flow-
weighted stormwater samples. The ISCO samplers were located at MH108 and LS431. A figure
showing the STST sample locations and pre-LTST storm drain configuration is provided as Figure 3. In
addition, the treatment system supplier and operator, Clear Water Services (Clear Water), analyzed whole
water samples of the effluent for residual chitosan.

STST whole water samples were collected from sample ports on both the influent and effluent
lines of the treatment system for analysis of PCBs and total suspended solids (TSS). The time of effluent
sample was staggered from the time of influent sampling to attempt to sample the same parcel of water
before and after treatment. Filtered solids were collected using filter bags on both the influent and
effluent lines and analyzed for PCBs. When the submersible pump located in MH130A turned on, a
portion of the flow was diverted through the filter bag, through a flow totalizer, and into the pretreatment
tank via a dedicated flexible hose. As the treatment system discharged treated stormwater, a portion of
the flow was diverted through the filter bag, through a flow totalizer, and rejoined the discharge flow to
MH130C. The analytical methods and target reporting limits for the STST facility sampling are provided

in Table 1a. Summary information for the STST system includes the following:
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e STST criteria in the ASAOC for in-line storm drain solids discharged to Slip 4 were to be
below 10 milligrams per liter (mg/L) as a daily maximum concentration and 5 mg/L as an
average monthly concentration. In addition, PCB criterion for the whole water aquatic life-
marine/chronic water quality standard was established as 0.03 micrograms per liter (ug/L)
following completion of the Slip 4 Salinity Study (AMEC Geomatrix 2011).

o Whole water influent and effluent grab samples were analyzed by Analytical Resources, Inc.
(ARI) for PCBs using EPA Method 8082 and for TSS using EPA Method 2540.

o Filtered solids influent and effluent samples were analyzed by ARI for PCBs using EPA
Method 8082.

o Whole water influent and effluent grab samples and filtered solids influent and effluent
samples were also analyzed for other parameters including metals (arsenic, cadmium,
chromium, copper, lead, mercury, silver, and zinc); polycyclic aromatic hydrocarbons
(PAHSs); total organic carbon (TOC); and other conventional parameters following an
Ecology sampling and analysis plan (SAP) and addenda (SAIC 2009, 2010b, 2010c).

o For the full duration of operation (September 15, 2010 through October 28, 2011), the system
treated and discharged approximately 34.9 million gallons of stormwater, influent
concentrations of TSS ranged from 3.0 to 63.2 mg/L with a mean of approximately
11.3 mg/L, and effluent concentrations of TSS were not detected above 1.5 mg/L. The full
tabular summary of the data set for TSS and PCBs measured in STST influent and effluent is
available in the November 2011 Progress Report (Landau Associates 2011b).

e For PCBs, Aroclor 1254 was the predominant detected Aroclor, with Aroclor 1260 being
detected in only 5 of the 66 STST influent samples (including duplicate samples). The
concentration range of total PCBs in influent was from non-detect (at a typical reporting limit
of 0.010 ug/L) to 0.330 ug/L. The concentration range of total PCBs in effluent was from
non-detect (at a typical reporting limit of 0.010 ug/L) to 0.022 pg/L. N o detected
concentrations of total PCBs exceeded the marine chronic water quality criterion of
0.030 ug/L in treated STST effluent.

e Total amount of solids removed from stormwater and collected within the storage tanks of the
treatment system during the full STST operation period was approximately 32.2 tons, of
which 22.7 tons of material was sent to Columbia Ridge for disposal and approximately
9.5 tons of material is pending disposal at Roosevelt Landfill.

Compliance with the Action Memorandum (EPA 2010) requirement that “In-line storm drain
solids discharged to Slip 4 must be below 100 parts per billion (ppb) dry weight total PCBs” was
discussed in an analysis of All Known, Available, and Reasonable Methods of Prevention, Control, and
Treatment (AKART) that evaluated stormwater treatment alternatives. In that AKART Analysis Report
(Geosyntec Consultants 2011a), it was described how the EPA interim goal of 100 ppb PCBs in solids
was not a reasonable or technically achievable goal. As an alternative to the PCB solids interim goal and
the SAIC sediment recontamination model, a memorandum was prepared (Jones et al. 2011) for EPA that
documented the development of a new mass load-based interim goal that is expected to prevent
recontamination of Slip 4 sediments. That analysis, using conservative assumptions, resulted in the
development of a flow-weighted average annual concentration (FWAAC) for total PCBs in water of
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0.018 ug/L. A more complete summary of the alternative solids interim goal, and how it will be
computed, is provided in the SAP (Landau Associates 2012).

The STST facility demonstrated that CESF was very effective at reducing the mass of TSS and
PCBs in stormwater. Therefore, the LTST facility was designed around a similar CESF system, although
significantly larger in footprint and capacity. Greater detail on the design of the LTST facility can be
found in the 100% Design Report, Long-Term Stormwater Treatment (Landau Associates 2011c), and is
summarized below.

Operation of the LTST facility officially began on October 28, 2011. Monitoring, as described in
the final Sampling and Analysis Plan, Long-Term Stormwater Treatment (Landau Associates 2012) is
ongoing at the LTST facility, the point of compliance where stormwater discharges from NBF to Slip 4,
and at other locations throughout the NBF site. Revisions were made to the final SAP to incorporate

changes to the EPA Interim Goals for solids.

1.3 TREATMENT SYSTEM SIZING

The entire NBF drainage basin area is approximately 303 acres. NBF stormwater drainage basins
are shown on Figure 2. Because of the very large drainage area, it is not feasible to treat all stormwater
runoff from all storm events. An evaluation of PCB load reductions at various treatment system flow
rates was performed in preparation of the LTST pre-design technical memorandum (Geosyntec
Consultants and Landau Associates 2011). Based on this evaluation, Boeing and EPA agreed on an
acceptable design basis of 1,500 gpm.

A 1,500 gpm CESF system, including a minimum 500 gpm pump capacity at MH130A, is
anticipated to achieve a long-term average volume capture at the lift station (LS431) of 81 percent of
runoff from only onsite drainage, and 59 percent of runoff from combined onsite and offsite drainage
basins. A portion of storm flows from other laterals, all of which are routed to the Lift Station Inlet Vault
(LSIV) and commingled, will also be treated subject to available capacity in the LTST system. The
LTST system operates at full capacity (1,500 gpm) whenever sufficient stormwater is present.

As described in the LTST Removal Action Work Plan (RAWP) and RAWP Addendum
(Geosyntec Consultants 2011b,c), the 1,500 gpm LTST system is predicted to achieve a total PCB load
reduction of approximately 73 percent annually [or approximately 96 percent in dry weather, reduced
from 6.7 to 0.24 grams per year (g/yr), and approximately 68 percent in wet weather, reduced from 32 to
10.4 glyr]. It was also estimated that the LTST system will comply with the Interim Goal for water
approximately 96 percent of the time during a “typical” year (or 100 percent of dry days and 90 percent of
wet days per year) based on rough estimates using limited available water and filtered solids dry and wet
weather monitoring data. The long-term Interim Goal outlined in the ASAOC statement of work (SOW)
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for PCBs in water for Aquatic Life — Marine/Chronic is 0.030 pg/L (EPA 2011a, EPA and Boeing 2010).

More information on treatment goals may be found in Section 2.2.

14 TREATMENT SYSTEM DESIGN

The CESF treatment process starts by settling out coarse solids in an aboveground settling/storage
tank, then the coagulated solids [via chitosan acetate dosage (less than one part per million {ppm} of
chitosan acetate solution containing the natural biopolymer chitin)] settle out in additional aboveground
settling/storage tanks, and, finally, sand filtration (through a bank of sand filter units) removes the
remaining coagulated solids. The sand filter units are automated to perform sequential backflushing to
maintain the necessary system treatment capacity and associated TSS and PCB removal efficiency. This
approach has proven effective for removing PCBs in water using the NBF STST system.

The main components of the 1,500 gpm-sized system are one inlet weir/settling tank and one
backflush solids settling tank (each approximately 17,800-gallon capacity); three storage tanks (each
approximately 21,000-gallon capacity); three sand filter systems each consisting of four individual
54-inch diameter sand filter vessels; and a control system housed within a metal storage container. The
1,500 gpm LTST system was designed to fit within an approximately 7,000 square foot (sf) area adjacent
to and south of LS431. The as-built condition of the treatment system equipment is shown on the record
drawings in Appendix A.

Each of the three independent sand filter systems is sized to treat a design flow rate of 500 gpm,
with filtration capacity of up to 700 gpm for temporary processing of backflush water or treated
stormwater that is recirculated for additional treatment. One sand filter system is made up of four vessels
containing media consisting of gravel, garnet, and sand. The sand filter media does not contain granular
activated carbon (GAC). Having three independent sand filter systems allows portions of the treatment
system to operate more continuously during low-flow conditions, keeps the size of the system
components to within a range that avoids larger special-order equipment, allows more flexibility in
maintenance (ability to take one of the systems off-line for periodic maintenance), and allows for
potential downsizing of the system in the future.

The sand filter backflush water discharges to the backflush settling tank. Backflushing is
automated and sequenced to backflush one vessel at a time, which minimizes backflush flow rates. With
a design backflush flow rate of only 239 gpm, there is a relatively long hydraulic retention time in the
backflush tank that allows for very effective settling of backflushed solids. Calculations for sizing and
selection of tanks, pumps, and pipe diameters were provided in the 100% Design Report (Landau
Associates 2011c).
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141 STORMWATER COLLECTION PUMP OPERATION AND CONTROL

Stormwater is pumped from MH130A (which drains a portion of the onsite North Lateral)
directly into the inlet weir tank of the LTST system for treatment. The route of the 8-inch diameter high
density polyethylene (HDPE) stormwater conveyance pipe from MH130A to the LTST system is shown
on the civil design drawings in Appendix B. The civil design engineer for the new storm drain
conveyance piping, URS, estimated that the design piping route, along with the existing submersible
pump, should allow continued stormwater pumping from MH130A at a design flow rate of 500 gpm.

The remaining LTST capacity (after treating the flows from MH130A) is utilized by pumping
available base and stormwater flow from the LSIV. The LTST system operates at full capacity
(1,500 gpm) whenever sufficient stormwater is present.

A submersible pump is installed in the LSIV. This inlet vault is referred to as OWS421 in Boeing
storm drain drawings and in some prior LTST documents. This inlet vault structure is not a baffled
oil/water separator as might be inferred by its reference number. The inlet weir tank of the LTST system,
however, is designed with underflow and overflow baffles to help remove debris and contain floating
fuel/oil if spilled fuel/oil were to reach the LSIV and was pumped into the LTST system prior to
discovery of the spill.

Typically, significant quantities of solids do not collect in the LSIV due to the turbulence
generated by incoming stormwater and the activation of the large 50 horsepower (hp) King County lift
station pumps; however, heavier sand particles may accumulate in the corners and near the sides of the lift
station sump where turbulence is lower. The new pump in LSIV is not anticipated to significantly alter
the accumulation of solids in the LSIV. The initial transfer pump (pre-treatment pump, P-301) is
designed to pass up to 7/8-inch solids, and the inlet weir tank allows settling of solids that size or larger.
The inlet flow meter is an electromagnetic flow meter, which does not have a turbine wheel or paddle
wheel to catch solids or debris. A basket strainer is installed in the outlet pipe of the weir tank to reduce
the size of debris that can reach the pre-treatment pump (As-Built Drawing M502, Appendix A). This
allows greater assurance of pump protection against neutrally buoyant debris that might pass through the
inlet weir tank and otherwise become caught in the primary transfer pump.

Currently, all stormwater from the four main NBF storm drain laterals and King County reroute
storm line (with the exception of water pumped from MH130A) mixes together in the LSIV and is
pumped to the LTST system (at a flow rate up to the 1,500 gpm treatment capacity of the LTST system).
The aboveground inlet weir tank and three storage tanks have water level sensors that are used to adjust
pump operation through a programmable logic controller (PLC). Flow rate data from the inlet flow
meters are monitored and the LSIV submersible pump can be deactivated or its motor slowed down by

the variable frequency drive (VFD). In doing this, normal system controls will act to prevent a tank
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overflow event. As an additional safety device, high water level switches are installed at the inlet weir
tank and the three connected storage tanks to shut down the lift station submersible pump and/or the pre-
treatment pump until the tank levels are back within the normal operational range. In addition, a tank
high level overflow pipe is installed on the inlet weir tank and one of the three connected storage tanks
that connect and drains to MH443, which is upstream of the LSIV (As-Built Drawing M502,
Appendix A). The overflow piping is sized to allow overflow of more than the 500 gpm flow rate from
the MH130A pump (which is not directly controlled by the main LTST control unit).

The new LSIV submersible pump is set to produce the full design flow rate of 1,500 gpm at a
level below which any of the four 50-hp King County pumps activate based on readings from the pressure
transducer mounted in the LSIV (see Drawing K501 in Appendix A). The new LSIV submersible pump
is set to turn off at a level that is just above the manufacturer’s minimum recommended submergence

depth in order to avoid motor overheating or dry run conditions.

142 LTST SYSTEM INSTRUMENTATION AND CONTROLS

Design of the LTST system includes associated instrumentation and controls to monitor and
record relevant data and to control the pumps, valves, and filters. Instrumentation is used to conduct the
following monitoring and control functions:

o Real-time monitoring of water levels is performed at the lift station inlet vault using a
pressure transducer and at the inlet weir settling tank and the set of three storage tanks using
ultrasonic sensors.

o Inlet stormwater flow rate and total flow for both MH130A and LSIV are monitored by real-
time monitoring and a data recording system. The mounting locations of the flow meter
displays are above ground and amongst the electrical panels mounted to the back of the
LS431 building (east side of the building).

o With real time monitoring of water levels and flow rates, the three system PLCs turn the
LSIV pump on and off, as appropriate, and control flow rates using VFDs to pump and treat
up to the full design flow rate of 1,500 gpm when flows are available and when the pump at
MH130A is not operating. At the same time, the VFDs are controlled to avoid overfilling
either the inlet weir tank or the three connected storage tanks. When the pump in MH130A is
providing 500 gpm to the treatment system, the LSIV pump will provide up to 1,000 gpm to
meet the full design flow rate of 1,500 gpm, if sufficient water is available in the LSIV.
Recirculated (re-treated) flow volume, discharge flow rate, and total discharge flow volume is
monitored by the data recording system.

e Backflushing of sand filters is triggered based on maximum time interval and differential
pressure rise. PLCs control backflushing and allow only one of the three sand filter systems
to backflush at a time. This helps to minimize spikes in treatment system flow rate above the
239 gpm design backflushing flow rate per vessel. The duration of backflushing is adjustable
based on the amount and quality of suspended solids encountered.

e Continuous monitoring and recording of influent and effluent turbidity (which correlates to
TSS and, thereby, also to PCB concentration) is provided. Automated recirculation is
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triggered if filtered stormwater exceeds a selected turbidity setpoint. The initial control
setpoint has been set at 5 nephelometric turbidity units (NTUS).

e Monitoring and recording of effluent pH is provided. The NBF facility is covered under the
Industrial Stormwater General Permit issued by Ecology, which establishes a pH benchmark
range of 5 to 9 standard units. Data from the previous STST CESF system has indicated that
influent and effluent pH levels are consistently within that range. Therefore, there are no
automatic shutdowns of the LTST system that are triggered by the pH measurements.

¢ Remote calling/texting alerts operation personnel of any abnormal conditions including long
periods in recirculation mode, abnormally high effluent turbidity, pH outside the range of 5.5
to 8.5, high tank water levels that are not corrected within an allowable time, and evidence of
pump failure.

e The LTST system includes four independent PLC-controlled chitosan metering pumps.
Static mixers are provided in the lines just downstream of the chitosan injection points in
order to thoroughly mix the chitosan into the stormwater.

e The three PLCs are programmed to conduct alternating starts of the pumps for each sand
filter system. The alternating starts allow the sand filters to balance their operational hours.

e Solids sampling filtering assemblies, constructed of steel and containing 1-micron nominal
rated filter bag elements, are connected into the piping at the MH130A influent line, the LSIV
influent line, and the LTST system effluent line. Also, downstream of each filter assembly is
a flow totalizer, which records the total filtered volume of stormwater.

The LTST system, including instrumentation and controls, was installed generally as planned and
as described in the 100% Design Report (Landau Associates 2011c). Minor system modifications are

noted below in Section 3.0.

1.4.3 [INCORPORATION OF EPA GREEN REMEDIATION PoLICY

Consistent with the EPA Region 10 “Clean and Green Policy” to enhance the environmental
benefits and sustainability of federal remediation programs at Superfund sites, Boeing incorporated green
technologies into the LTST system design and construction planning. As noted in the “Clean and Green
Policy,” Region 10 intends to measure the cost differentials and environmental benefits associated with
implementing their policy. To support this effort, a summary of all actions implemented consistent with

the “Clean and Green Policy” is provided in Section 3.5.

14.4 SYSTEM RELIABILITY AND DISCHARGE WATER QUALITY

The LTST system is designed to provide reliable operation and to have minimal downtime. With
automated remote notification of alarm conditions, it is expected that any problems can be quickly
addressed. The lessons learned during the previous STST startup were incorporated into the LTST

system to minimize operational problems.
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To address the unlikely event of pump failure, the LTST system supplier and operator, Clear
Water, typically has spare pumps available and a full range of pumps are available through local rental
companies. With the remote notification from the LTST system alarms and the available rental fleet of
pumps, the system downtime following an unlikely pump failure should be minimal. Clear Water also
maintains spares of all their general CESF process equipment (e.g., chitosan metering pumps, turbidity
meters, valves, instrumentation). Therefore, system operational repairs that may be required can
generally occur within 12 hours. The goal for operation of the LTST system is to achieve no more than
3 percent downtime on an annual basis.

The SAP for LTST operation has been prepared to monitor the effectiveness of stormwater
treatment and to monitor the quality of stormwater discharged to Slip 4 (Landau Associates 2012). A

summary of the sampling to be performed for the LTST system is provided in Table 1b.

1.5 OTHER EVALUATIONS AND DOCUMENTS

Boeing has conducted additional evaluations related to stormwater treatment at NBF and has
prepared documents for submittal to EPA that are outside of the specific ASAOC SOW items. A full
listing of the document submittals required by the ASAOC is provided in Table 2, and select additional
documents are also listed in Table 2. It should be noted that the ASAOC SOW required submittal of a
Monitoring Plan for Water and Solids in Influent and Treated Effluent. EPA determined that this work
was duplicative of work covered in Task 3A (such as the SAP and the operation and maintenance
manual); thus, no documents with this specific title were prepared pursuant to Task 3C.

Boeing has also continued to provide EPA with monthly progress reports starting in October 2010
(following the signing of the ASAOC by Boeing and EPA). These monthly reports have chronicled all
significant project activities; Boeing plans to continue submittal of these progress reports to EPA through
the end of 2012. The additional evaluations and project documents have been described in the monthly
reports. Additional documents not specifically called out in the ASAOC have included bed load sampling

and biofilter media bed pilot study testing.

15.1 BEDLOAD SAMPLING

Bed load sampling was required under the terms of the ASAOC. The goal of bed load sampling
was to collect solids that are transported along the bottom of the storm drain system piping and may not
be readily sampled by other previously employed sampling techniques in the storm drain system (such as
sediment trap sampling, in-line solids filtration, and flow-weighted auto-composite water sampling). Bed
load materials have particle sizes or a density that do not normally allow movement far above or for long

distances out of contact with the bed at the bottom of the storm drain pipe. The results from the bed load
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samplers deployed from March through May 2011 (Landau Associates 2011d), and in follow-up bed load
sampling conducted June through July 2011, indicate that the sediment trap and filtered solids samples are
adequate to evaluate PCB concentrations in solids in the storm drain system. Solids that travel as bed
load within the storm drain system did not appear to have significantly higher concentrations than

samples collected in sediment traps or as filtered solids.

15.2 MEDIABEDPILOT STUDY

One of the potential stormwater treatment technologies considered and evaluated for LTST was
the use of a biofilter treatment system that uses a mix of media that would act to filter out PCBs from
stormwater. It was later determined that there was not adequate time to test and design a biofilter media
bed system given the schedule required by the ASAOC. There is still potential interest in evaluating the
effectiveness of such a system in the event additional stormwater treatment may be needed at NBF or to
determine if it could be effectively integrated as part of the LTST. Therefore, a final biofilter media pilot
study memorandum was prepared and submitted to EPA (Geosyntec Consultants 2011d), which
incorporated comments provided by EPA on a previous draft memorandum regarding procedures for a
media bed pilot study. A plan for monitoring the media bed pilot study has been incorporated into the

sampling and analysis plan for LTST (Landau Associates 2012).
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2.0 PERFORMANCE STANDARDS AND CLEANUP GOALS

LTST system performance standards were developed during the design process (including the
60% and 90% design report submittals) and final performance standards are summarized in the 100%
Design Report (Landau Associates 2011c). Treatment goals for LTST were listed in the ASAOC for PCB
concentrations in both whole water and in solids discharged in stormwater. The treatment goal for PCBs
in solids has been actively reviewed and redeveloped with EPA. LTST system performance standards

and cleanup goals are described in more detail in the following sections.

2.1 LTST SYSTEM PERFORMANCE STANDARDS
As described in the 100% Design report, the design basis and performance standards for the
LTST system include:

e The LTST system was constructed adjacent to and south of King County LS431. The system
treats all dry weather base flows from the LSIV and from MH130A (which collects a portion
of onsite North Lateral drainage) and preferentially treats wet weather storm flows from
MH130A and, as capacity allows, additional flows from the LSIV (sometimes referred to in
prior LTST documents as OWS421, based on Boeing’s identification number). The LTST
system was designed to capture and treat approximately 91 percent of onsite storm flows to
MH130A (12.8 acres) and 100 percent of onsite and offsite dry weather base flows to the
LSIV (approximately 106 acres onsite plus approximately 191 acres offsite). Additional
treatment of low storm flows at the LSIV is provided as capacity is available. The system is
set to operate at full capacity (1,500 gpm) whenever sufficient stormwater is present.

e The submersible pump at MH130A (initially used for the STST System) is connected to a
new force main and routes base and wet weather storm flows from MH130A directly to the
LTST system. When the LTST system has capacity beyond that which is required to treat the
flows from MH130A, additional storm flows from the LSIV will be pumped to the system.

e Offsite stormwater that formerly drained to the North Lateral (41.1 acres of King County
drainage) was rerouted at a storm drain manhole (54-inch diameter) that is located 16 ft
upstream of MH178. The rerouted line goes through NBF and terminates at SDMH421,
which is upstream of the LSIV. The reroute minimizes overflow bypass at MH130A and
allows preferential capture and treatment of onsite North Lateral storm flows. The reroute
also allows some treatment of offsite North Lateral flows (as well as other laterals) at the
LSIV when capacity allows.

e Dry weather base flows from onsite and offsite laterals discharging to the LSIV are pumped
to the LTST system.

e All treated flows from the LTST system are discharged to the Lift Station outlet structure,
located downstream of the LSIV and the King County Lift Station pumps.

NBF onsite and offsite drainage basins that drain to the LSIV and are treated by the LTST
system, up to its maximum 1,500 gpm, are shown on Figure 2. The boundary of the specific drainage
basin that drains to MH130A and is preferentially treated at the LTST system is also shown on Figure 2.
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Record drawings prepared by Landau Associates showing the as-built state of the LTST system are
provided in Appendix A. Record drawings prepared by URS Corporation showing the as-built state of

the storm drain reroute and are provided in Appendix B.

22 LTST TREATMENT GOALS
Interim Goals for the LTST facility were set by EPA in the ASAOC as follows:

e Water discharged to Slip 4 must be below the Aquatic Life — Marine/Chronic water quality
standard of 0.030 ng/L total PCBs. Boeing conducted (AMEC Geomatrix Inc. 2011) and
EPA approved (EPA 2011a) a salinity study in Slip 4 that demonstrates that the use of the
Marine/Chronic water quality standard for total PCBs is appropriate.

e In-line storm drain solids discharged to Slip 4 must be below 100 ppb dry weight total PCBs.
This interim goal shall be used as a point of departure in considering whether the long-term
interim goal for in-line storm drain solids discharged to Slip 4 should be modified in
accordance with the AKART.

An analysis of AKART was prepared to present the evaluation of stormwater treatment
alternatives. The AKART Analysis Report (Geosyntec Consultants 2011a) it was describes how the EPA
interim goal of solids (100 ppb dry weight total PCBs) was not a reasonable or technically achievable
goal. Therefore, Boeing brought a Stormwater Expert Panel (Panel), jointly with Geosyntec Consultants,
into the project to evaluate an alternative to the interim goal for solids that would be protective of Slip 4
sediment from recontamination. The expert Panel members consist of Jon Jones, P.E., of Wright Water
Engineers; Dr. Michael Stenstrom from UCLA; and Dr. Robert Pitt from the University of Alabama. The
Panel conducted an analysis of the methodology used and proposed a seven-step approach to estimate a
site-specific mass load-based interim goal in a memorandum to EPA (Jones et al. 2011). The approach
included:

e The anticipated post-LTST loading of solids and associated PCBs from NBF to Slip 4 was
estimated based on existing available monitoring data and calibrated hydrologic model
output, assuming steady-state (average) conditions for NBF storm drain base flows and storm
flows (both treated and bypassed).

e The effect of varying settling distances in Slip 4 for different sized particles can be accounted
for by inclusion of percentage (by mass) of solids settling in Slip 4 as a parameter.

¢ A mass balance of PCB solids depositing in Slip 4 over the course of a year fully mixed in
10 cm of clean sand cap (to protect the benthos) was computed.

e A time series plot of average surface sediment PCB concentrations in Slip 4 over a 50-year
period was developed.

o Computed Slip 4 average surface sediment PCB concentrations were then compared with the
Washington Sediment Management Standards (SMS) sediment quality standards (SQS). The
SQS is 12 milligrams per kilogram (mg/kg) organic carbon normalized; the dry weight
criteria considered by Ecology to be equivalent to the SQS is 130 micrograms per kilogram
(Hg/kg) total PCBs (1.08% TOC). Using the time series plots, the number of years until the
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State standard 130 pg/kg dry weight sediment criteria would be exceeded was determined for
a number of different scenarios.

e Use of the time series plots and estimates of the mass of solids that would exit Slip 4 based on
particle size to establish an allowable average annual total filterable PCBs mass load (grams
per year), such that State dry weight criteria is not exceeded within 50 years.

e In order to avoid exceedances of this average annual PCB load during above-average rainfall
years, this load was divided by average annual runoff volume to compute a mass load-based
allowable concentration (ng/L total filterable PCBs). For compliance assessment purposes,
this interim goal can be compared annually with a volume-weighted average of the lift station
discharge concentrations.

The recommended alternative interim goal presented in a subsequent memorandum, Amended
Monitoring Approach Recommendations for North Boeing Field Long-Term Stormwater Treatment
System (Jones et. al. 2012) is as follows:

e A FWAAC for total PCBs in water of 0.018 pg/L.

EPA approved the amended monitoring approach for the alternative solids interim goal in a letter
dated January 19, 2012 (EPA 2012). Monitoring has been conducted since LTST operation began to
provide data that can be compared to the water interim goal of 0.030 pg/L PCBs and the alternative solids
interim goal of a yearly average of 0.018 ug/L PCBs in water.

These interim goals are to be met at the Point of Compliance (POC), also referred to as LS431,

which is shown on the Updated Storm Drain System and LTST Sampling Locations (Figure 4).
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3.0 TREATMENT SYSTEM CONSTRUCTION ACTIVITIES

Construction activities for the LTST system can be generally described as either relating to the
conveyance of stormwater, or the treatment of stormwater. Glacier Environmental Services Inc. (Glacier)
was contracted by Boeing to complete the elements of the project relating generally to the conveyance
system and Clear Water was contracted to construct the treatment system. Glacier also constructed
foundations for the treatment system tanks and equipment, and provided utility connections to the LTST
system. A listing of Boeing’s consultants and contractors who have performed a significant role in the
work under the ASAOC is provided in Table 3.

The layout of the stormwater conveyance piping and the location of the LTST system are
presented on Figure 5. The record drawings reflecting as-built conditions of the LTST system are
included as Appendix A to this report, and provide details of CESF system equipment layout, piping,
valves, and fittings. The record drawings showing the as-built conditions of the belowground stormwater

conveyance system are provided in Appendix B.

3.1 CONVEYANCE SYSTEM CONSTRUCTION ACTIVITIES

Construction of the conveyance system was completed in general accordance with design
documents prepared by Boeing and approved by EPA. When any notable deviations from the approved
construction design documents were necessary, the issues were discussed between Boeing and EPA
during construction. The modifications include adjustments to pipe materials selection and adjustments
to the proposed alignment of stormwater conveyance piping to avoid conflicts with existing buried
utilities. These changes relate to slight modifications in construction or materials, but do not have a
significant impact on the overall design and do not impact the anticipated efficacy of the treatment
system.

Construction activities for the conveyance system began in June 2011 and were completed in late
October 2011. The alignments of the new storm drain lines that were constructed for LTST are shown on
Figure 5. Conveyance system upgrades completed for this project include the following:

o Installation of approximately 2,000 linear feet (LF) of 24-inch diameter polyvinyl chloride
(PVC) pipe to convey stormwater collected offsite to the LTST system.

e Installation of approximately 1,320 LF of 8-inch-diameter HDPE forcemain and 2-inch-
diameter PVC electrical conduit to convey stormwater and facilitate future controls or
electrical wiring to run from MH-130A to the LTST system.

e Installation of approximately 730 LF of 6-inch-diameter HDPE to facilitate future pilot
studies for stormwater treatment.

As part of the final steps of the conveyance system, Boeing’s site services contractor, PSC,

performed the cleanout of the newly completed King County bypass storm drain. As that cleanout work
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was finishing on October 26, Glacier cut into the old 24-inch line near the GTSP, just upstream of
MH178, to connect the new bypass line. On that day, the segment of the old 24-inch north lateral storm
drain just upstream of MH178 to the new bypass connection point was temporarily plugged with a
pneumatic plug, and the new King County bypass line was operational. The following week Glacier

permanently grout-sealed the old 24-inch line between the new connection point and MH178.

3.1.1 EARTHWORK

Glacier installed the three new groundwater conveyance system upgrades described above into
the subsurface along the alignments presented on Figure 5. The earthwork activities included pavement
preparation, trench excavation and temporary shoring, preparation of pipe bedding, installation of the
piping, placement and compaction of backfill materials, and repaving the surface to match the
surrounding area.

Several preparatory tasks were completed prior to excavating the utility trenches. These included
cutting and removing the pavement within the trench alignment and installing a construction dewatering
system to lower the groundwater level where excavation was anticipated to be below static groundwater
levels. The contractors cut the pavement along the alignment with a saw cutter, removed the pavement
where the trench was to be excavated, and exported the pavement for recycling. Glacier exported
approximately 585 cubic yards of asphalt and 129 cubic yards of concrete to local recycling facilities.
The deepest excavations were in locations where manholes were installed, and where burial depth was
greater to maintain the slope of 0.1 percent specified to facilitate gravity flow of the 24-inch-diameter
PVC pipe. Because the 24-inch-diameter PVC pipe conveys water by gravity, it slopes down from its
origin in the parking lot west of the GTSP to where it connects at the LTST system. Although existing
site topography provides some vertical relief toward the LTST system, a deepening trench excavation
depth, reaching a maximum of approximately 10 ft below ground surface (BGS) was required in areas
near the terminal end of that conveyance. Details of the construction dewatering system are provided in
Section 3.1.3.

After the pavement was removed and the groundwater level lowered to facilitate excavation in
unsaturated soil, Glacier began installation of the conveyance piping. Excavation and pipe installation
were conducted at various locations along the piping alignment at various times depending on conditions
encountered such as unknown utilities, road crossings, groundwater, etc. Glacier used trench shoring
boxes to keep the excavations open during excavation and pipe installation. The shoring boxes were
removed during the backfilling process. Backfilling and compaction were performed in accordance with
design specifications and were verified by Mayes Testing Engineers Inc. In general, trenches were
completed from bottom to top as follows: pipe zone bedding (4 inches below the pipe to 6 inches above
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the pipe); gravel borrow (above the bedding up to 12 inches below final grade); 6 inches of crushed
surfacing base coarse; 2 inches of crushed surfacing top course; and 4 inches of hot mix asphalt (HMA)
1/2 class PG 64-22. Backfill material was furnished to Washington State Department of Transportation
(WSDOQT) specifications and compacted to 95 percent of the maximum density. The pavement surface
was graded and compacted to match the surrounding areas.

In the portion of the alignment between the LTST system and approximately 730 linear ft along
the alignment to the north, all three conveyance pipes and the 2-inch electrical conduit were installed in
the same trench. Heading northeast along the alignment, near building 3-352, Glacier installed a utility
vault and terminated the 6-inch HDPE spare for future use in pilot studies for stormwater treatment.
Farther north along the alignment, between Building 3-324 and the power substation just west of that
building, the 8-inch HDPE force-main and 2-inch electrical conduit branch off of the main trench
alignment and head east toward manhole MH-130A. Between this branch location and the parking lot
west of the GTSP (to just upstream of MH178 in the North Lateral), the 24-inch-diameter PVC pipe is the
only pipe installed in the trench.

The alignment described in design documents was followed with some modifications to routing
when buried utilities were encountered. The most significant modification was for the 8-inch force-main
routing stormwater from MH130A to the treatment system. The alignment was modified based on
encountering buried electrical utilities, and the altered alignment can be seen on Drawings C295 and
C301 in Appendix B. The modification does not affect the functionality of the system. Additionally, the
original design specified the 24-inch diameter pipe to be HDPE. Because of the need to install more
buried pipe bends than was anticipated during design (and the relative ease of installing PVC pipe bends
in the trench versus thermally fused HDPE connections), Boeing requested approval from EPA to use
PVC pipe. This request was approved prior to construction.

3.1.2 SolL MANAGEMENT

The soil excavated during installation of the stormwater conveyances was temporarily staged
onsite pending determination of whether it could be reused for backfill material, or would be exported for
offsite disposal. Twenty individual stockpiles were generated and evaluated for geotechnical and
environmental parameters. Mayes Testing Engineers Inc. performed geotechnical screening including
proctor tests to evaluate whether the excavated soil would be likely to meet backfill requirements.
Additionally, although the alignment was not excavated through areas where contamination was
anticipated, Boeing contracted Landau Associates to collect composite soil samples from each soil
stockpile for analysis for the presence of contamination and to help determine suitability for potential

reuse onsite.
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Stockpiles were sampled for the presence of petroleum hydrocarbons in the gasoline-, diesel-, and
oil-range by NWTPH-G and NWTPH-Dx; for PCBs by EPA Method SW8082; and for metals (arsenic,
cadmium, chromium, lead, and mercury) by EPA Method 6010B and 7471A (for mercury). Boeing
evaluated the results and conservatively identified stockpiles acceptable for reuse. The analytical results
of environmental soil screening are summarized in Table C-1 of Appendix C. The full set of laboratory
analytical reports is also included in Appendix C. As indicated in Table C-1, approximately 1,050 cubic
yards (approximately 1,785 tons) of the 3,455 cubic yards excavated was reused onsite for backfill. EPA
approved offsite disposal of soil at Columbia Ridge Landfill in Arlington, Oregon [Resource
Conservation and Recovery Act (RCRA) ID# ORD98717357] under the off-site rule (OSR). EPA Region
10 has a policy to conduct verification of continued acceptability (VCA) for facilities that have been
previously found acceptable under the OSR. EPA issued a VCA for the Columbia Ridge Landfill for this
project on June 27, 2011 and, since this verification is valid for 60-days, provided VCA again in August
and October 2011. All soil that was not re-used onsite was exported to Columbia Ridge Landfill through
the Alaska Reload and Recycle facility for use at Columbia Ridge Landfill as daily cover material. This
quantity of soil was approximately 4,100 tons. A copy of the truck tickets is provided in Appendix | of
this report.

Saturated soil was placed into a bermed and lined dewatering cell, where fluids were allowed to
drain away from the soil toward a sump. Water generated from this process was treated by the
dewatering fluids treatment system discussed in Section 3.1.3.

Temporary Erosion and Sediment Control (TESC) measures were implemented in the soil staging
areas to prevent migration of soil. These measures included 6-mil plastic liners placed under and over
soil stockpiles; creating berms with ecology blocks and plastic liners around the stockpile staging area;
and continuous attention to housekeeping in the area by using brooms, shovels, and a street-sweeping
vacuum truck. Boeing’s internal foreign objects and debris (FOD) program requires constant monitoring
for debris or soil on ground surfaces that could be tracked onto the flight line in crevices of vehicle tires.
The frequent monitoring by Boeing employees passing by the area resulted in prompt notification of

untidy conditions and quick cleanup.

3.1.3 CONSTRUCTION DEWATERING AND DEWATERING FLUIDS TREATMENT

Excavation was anticipated to extend below the groundwater level, which ranges from
approximately 5 to 10 ft BGS along the alignment. In order to maintain safe and effective working
condition in excavations, a dewatering system was constructed to extract groundwater near the trench in
strategic locations. Twelve dewatering wells were installed along the alignment, as presented on

Figure 5. Installing dewatering wells is preferred to pumping water directly from an open excavation.
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The well screen and filter pack of a properly installed dewatering well develops an effective filter so that
water removed is not laden with sediment. The dewatering well system makes subsequent water
treatment more effective, and also prevents soil instability that can arise when pumping from an open
excavation. Pumps were moved from well to well, as needed, to dewater sections of the trench where
work was occurring. The wells were connected to the dewatering fluids treatment system (DTS) with
aboveground HDPE pipe.

The DTS was designed and operated to meet King County wastewater discharge criteria.
Treatment included particle sedimentation in an under-over weir tank, CESF, and a final polish with
granular activated carbon (GAC). The under-over configuration of a weir tank allows the inlet bay to
capture floating product, if oil enters the system. The DTS utilized CESF for PCB removal because this
technology has proven effective at this site to reduce solids and PCB concentrations in stormwater. After
CESF treatment, if the turbidity remained above 5 NTU, the system would recycle the water through the
system for additional treatment. The system, automatically operating in recycle mode, would pass the
water through the GAC and discharge to the sanitary sewer only if the measured turbidity of the treated
water fell below 5 NTU.

King County approved the design approach and conducted a physical inspection of the DTS
system on July 1, 2011. King County authorized Boeing to treat dewatering fluids at the DTS and
discharge the treated water to the sanitary sewer. A copy of this discharge authorization (827-01) is
included in Appendix D. The discharge authorization required that PCBs in water be less than 0.27 pg/L,
that pH be between 5.5 and 12 pH units, that fats oils or grease (FOG) be less than 100 mg/L, and that the
total discharge for one day be less than 100,000 gallons. PCB monitoring was required for Aroclors
1016, 1242, 1248, 1254, 1260, 1221, 1232, and 1262.

In addition to the physical inspection of the system by King County representatives, the discharge
authorization required a demonstration period of 5 days. This system demonstration occurred on July 1,
5,6, 7,and 8, 2011. A total of 82,888 gallons of water was treated during this demonstration and treated
water met all discharge criteria. Discharge of treated water to the sanitary sewer began on July 9, 2011.

Flow and pH monitoring was performed onsite daily, when the system was in operation. For
PCB monitoring, Landau Associates’ field representatives collected a water sample each week to
characterize discharge conditions, and another sample to evaluate the effectiveness of the GAC. The
weekly samples were analyzed for the Aroclors listed above with a reporting limit of 0.1 pg/L for each
Aroclor.

Table D-1 in Appendix D summarizes the monitoring data for the system. As indicated in the
table, all self monitoring was performed at the appropriate frequency, and discharge criteria were met

throughout operation of the DTS.
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In July 2011, Glacier discovered that proper dewatering of the excavations would require higher
pumping flow rates than initially estimated, and might require pumping more than the 100,000 gallons per
day the DTS was authorized to treat and discharge. In addition, the DTS was used for treatment of water
generated from the NBF/GTSP interim action fenceline soil excavation, further limiting the DTS
treatment capacity available for the reroute dewatering. Boeing requested permission from EPA to allow
treatment of some dewatering fluids at the STST, which treated stormwater at the site. The STST had the
treatment capacity to meet the anticipated increase in flow. At the time of the request, dewatering was
already complete at DW-1, DW-2, and DW-3. Water samples were collected from dewatering wells to
evaluate treatment options. A summary of the analytical results is provided in Table D-2 of Appendix D.
Based on the performance of the STST system since the start of its operation on September 15, 2010, and
the analytical results summarized in Table D-2, on July 22, EPA approved the request and allowed the use
of the STST system to treat water extracted from dewatering wells DW-5, DW-6, DW-7, DW-9, DW-10,
DW-11, and DW-12. Water from wells DW-4 and DW-8 was not considered suitable for treatment at the
STST system and was treated at the DTS system. A total of 367,800 gallons of water from dewatering
wells DW-5, DW-6, DW-7, DW-9, DW-10, DW-11, and DW-12 was processed at the STST during the

project.

3.2 ACCESS AND PERMITTING

The City owns the land where a portion of the King County storm drain bypass conveyance
alignment is located. Boeing and the City negotiated a temporary construction easement to allow
installation of the conveyance line in this proposed alignment.

As described in the 100% Design Report, because the work associated with the LTST was
conducted under an ASAOC with the EPA, Boeing was not required to apply for or to be granted
construction permits from state or local agencies. However, Boeing was required to meet the relevant
substantive requirements of applicable regulations. A listing of the permits that might normally apply to
this type of construction project, and associated relevant substantive requirements, were described in the
100% Design Report and are summarized below:

e Grade and Fill Permit — Applicable for installation of new storm drain piping and manholes,
including a State Environmental Policy Act (SEPA) checklist for excavation of more than
500 cubic yards of soil. Boeing did not apply for or obtain this permit from King County or
the City, but Boeing did comply with the substantive requirements of the permit [i.e.,
followed the applicable City and King County standards for stormwater conveyance design
and will submit 100% design drawings and record (as-built) drawings to the City and King
County].

e Land Use Permit — Can apply to installation of tanks, pumps, and other large equipment in
land area not formerly used for such equipment. Boeing complied with the substantive
requirements of the permit such as noise ordinances and traffic safety.
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Side Sewer Permit — Applicable to modifications of storm drain structures. The side sewer
permit process is a method that the City uses to keep accurate records of storm drain utilities.
Similar to what is stated above for the grade and fill permit, Boeing did not obtain the
permit(s), but did follow the applicable City and King County standards for stormwater
conveyance design and will be submitting the 100% design drawings and record (as-built)
drawings to the City and King County, so that they can update their utility records, as
appropriate.

Construction Stormwater Permit — Not applicable because less than 1 acre was excavated.
However, Boeing and its contractor complied with Best Management Practices (BMPs)
applicable to Ecology’s Construction Stormwater General Permit and with the requirements
for TESC in its existing Stormwater Pollution Prevention Plan (SWPPP) under the Industrial
Stormwater General Permit.

Electrical Permit — Electrical permits through Washington State are applicable to the new
electrical service lines to be installed. Because acquiring electrical permits was not expected
to cause a significant delay to the project, and because of the desire to avoid any electrical
safety problems, Boeing obtained all necessary electrical permits through its contractors for
power supply to the CESF system and associated pumps and equipment. Electrical permits
are described in Section 3.6 and copies provided in Appendix G.

Federal Aviation Administration (FAA) Permit — Applicable when any structures or
equipment exceeds specified height restrictions within a certain distance from the airport
runway. The LTST construction work did not exceed those height restrictions. Boeing
submitted a Notice of Proposed Construction or Alteration [Federal Aviation Administration
(FAA) Form 7460-1] to King County on June 16, 2011.

3.3 LTST EQUIPMENT INSTALLATION AND STARTUP

Only a few minor changes occurred during system installation, compared to the system presented

in the 100% Design Report (Landau Associates 2011c) and as summarized above in Section 1.4. The as-

built plan view of the system and associated equipment is shown on Drawing C505 (Appendix A). Minor

changes include the following items, which may be found on the record drawings in Appendix A.

The two strainers at the inlet of the inlet weir tank were changed to a single strainer located
after the inlet weir tank and prior to the pre-treatment pump. This change of location for the
strainer reduces the loading of solids in the strainer by utilizing the inlet weir tank to remove
the settleable solids.

Installing the pre-treatment pump so the inlet of the pump is orientated toward the weir tank.
This moved the horseshoe-piping bend and associated friction losses from the suction side to
the pressure side of the pump. The pump has greater capacity to handle pressure losses on
the discharge side than it does on the suction side.

Installation of additional flex couplings on the storage tank inlets and the sand filters. These
were added to remove minor angle discrepancies when connecting the ridged PVC piping to
the various system components.

Addition of check valves on the force main pressure lines coming from MH130A and the
LSIV after the filter bag and sampling port branches. This prevents gravity flow back of
combined effluent water contained within the weir tank and above the inlet port elevations
through the filter bag assembly when the MH130A and LSIV pumps are off and the filter bag
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assemblies’ shutoff valves are open. Components to the check valves are currently on back
order from the manufacture and will be installed when received.

e Addition of check valves on the sampling port branch and located after the filter bad and flow
totalizer meters on the MH130A and LSIV forcemains. Minor backflow of water in the
overflow line had been occurring when the pumps turn off.

o In order to better quantify both treated stormwater flows as well as high storm flows bypassed
by the King County Lift Station, a Marsh-McBirney FLO-DAR® Radar Area/Velocity
Sensor has been mounted above the stormwater flow at the point of compliance (at the
entrance to the 48-inch LS431 outlet pipe, downstream of the CESF effluent discharge).
Flow is measured continuously at 1-minute intervals. Data from the sensor is collected and
logged by a Hach FL900 Series Flow Logger, and the automated flow-weighted composite
sampler is programmed to collect aliquots of stormwater based on the predetermined volume
interval programmed into the flow logger. More details regarding the Flo-Dar unit are
provided in the SAP (Landau Associates 2012).

The sand filters were installed as specified in the design, including the use of garnet as part of the
sand filter media mix. The use of garnet was determined to be an important component of the sand filter
media in order to achieve the highest efficiency for PCB removal. A specification sheet for the sand filter
system and media that were installed is provided in Appendix E.

The general schedule for Clear Water to construct the CESF system was to order equipment in
June and July, mobilize the equipment and control unit to the site in August (including the five weir and
storage tanks acquired by Landau Associates), and to complete piping connection of the equipment in
September. The electrical accident and injury on September 18 (described below in the next section)
delayed initial testing of CESF pumps and equipment until a 200-amp temporary partial power supply
from the 3-380 paint hangar building was provided on October 12. Clear Water was unable to complete
final electrical connections and system testing until the week of October 24, following full power supply
connection to the new transformer on Sunday, October 23. After final CESF instrumentation connection
and performance testing that week by Clear Water, and testing of the Flo-Dar flow meter at the lift station
effluent vault that week by Landau Associates, the LTST CESF system was fully operational to treat
1,500 gpm by the established deadline of Friday October 28, 2011. A schematic diagram of the LTST
system components is provided as Figure 6. A photo showing an overhead view of the completed LTST
CESF system equipment is provided on Figure 7 for visual reference.

Final connection of LTST-related monitoring equipment (i.e, the two CESF inlet and one CESF
effluent filter bag housings) was completed the week of October 31 in preparation for the first round of
LTST monitoring that was scheduled for the first full week of the month, starting November 7, 2011. The
first LTST sampling event was completed, as scheduled, on Friday November 11"™. Stormwater
monitoring locations and sampling equipment are visible from the overhead view on Figure 7 and are

noted on Figure 8.
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34 LTSTPROJECT CHRONOLOGY

Figure 9 shows a Gantt chart that includes major milestones and events. The timeline set forth in
the ASAOC was generally adhered to with some exceptions. The original deadline for LTST facility
operation was September 30, 2011. On Sunday, September 18, an electrical worker was shocked when
the contractor attempted to connect the LTST to the NBF site electrical service. All work to supply
power to the LTST was halted to allow for the investigation of the incident to proceed and to ensure safe
working conditions prior to resuming work. Boeing requested an extension to the September 30, 2011,
completion deadline to October 28, 2011. EPA approved that extension request in a letter dated
September 29, 2011 (EPA 2011b). Final testing of the LTST treatment system was conducted the week
of October 23, and the LTST system began continuous treatment on October 28, 2011.

The Removal Action/Stormwater Treatment Completion Report was required to be submitted
within 45 days of completion of all work required by the ASAOC, and originally would have been
November 14, 2011 had the LTST facility operation began according to the original schedule. Due to
delay of the start of LTST operation, in a letter dated October 13, 2011, Boeing requested an extension of
the Completion Report deadline to December 12, 2011. EPA approved that extension request in a letter
dated October 17, 2011.

3.5 GREENREMEDIATION POLICY

Consistent with the EPA Region 10 “Clean and Green Policy” to enhance the environmental
benefits and sustainability of federal remediation programs at Superfund sites, and as noted above in
Section 1.4.3, Boeing incorporated green technologies into the LTST system design and construction.

The following specifications were included in the construction contract as an exhibit of special
conditions, which is provided in Appendix J of this report:

1) Green Policy: The contractor shall use technologies and practices that are sustainable in
accordance with EPA Region 10 Green Cleanups (http://yosemite.epa.gov/R10/extaff.nsf/
programs/greencleanups), with the exception of the use of concrete utilizing coal combustion
products (see EPA suspension of coal combustion products partnership program,
http://www.epa.gov/osw/partnerships/c2p2/index.htm). The contractor shall report on the use
of these technologies and practices, including the associated quantities of materials reduced,
reused, or recycled as a direct result of these practices, for all remedial activities conducted
under this contract after project completion.

2) Cleaner fuels, diesel emissions controls and retrofits, and emission reduction strategies: For
diesel-powered equipment exceeding 50 hp, the contractor will utilize construction equipment
rented from a local supplier, and will request the rental of construction equipment meeting
Tier 4 standards. If Tier 4 construction equipment is not available, equipment will be
requested that meets at least the Tier 3 standards. If equipment meeting Tier 4 or Tier 3
standards is not available, then other equipment may be considered if emission devices are
added such as oxidation catalysts and/or particulate filters. Equipment with a higher tier
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3)

4)

5)

6)

7)

8)

9)

emission standard will not be used if the only available selection is larger equipment that
would use more fuel or result in a higher rate of emissions.

Clean Fuel: Cleaner fuels will be used in all diesel-powered equipment. Diesel fuels to be
used may include biodiesel blends (e.g., B5 or B20). Ultra low sulfur diesel is now legally
required for all applicable equipment (this is not a contract requirement).

Greenhouse gas emission reduction technologies: Diesel-powered equipment should be used
where available instead of gas-powered equipment. The Contractor shall minimize idling to
control air pollution and reduce fuel usage. This shall include turning off all diesel engines
on construction equipment greater than 50 hp when not in active use (e.g., on standby for
more than 5 minutes).

Water conservation and efficiency: If water consumption is necessary (e.g., for dust
suppression), water conservation measures will be utilized where feasible.

Industrial material reuse or recycling within regulatory requirements: Where feasible, the
contractor shall recycle all scrap construction materials, wastes from the construction trailer,
and other materials generated during the course of construction activities.

Environmentally Preferable Purchasing: Where available, all materials purchased will have
Post-Consumer Recycled (PCR) content. Ductile iron pipe and fittings shall be made from
85-90 percent recycled metals.

Environmental Management System (EMS): Practices such as reducing the use of paper by
utilizing electronic transmittal of project documents and implementation of waste reduction
and recycling programs at the work site shall be implemented. The contractor shall also
provide all recycling services possible through local waste management services for the site
trailer, such as waste management recycling and compost containers for site workers.
Workers will also be encouraged to minimize waste where possible, e.g., using refillable
water bottles instead of single-use bottled water.

The Contractor shall purchase and use local materials (such as asphalt and backfill material)
where available.

These practices were implemented to the greatest degree practicable as described below.

100% use of renewable energy (green power), and energy conservation and efficiency
approaches including EnergyStar equipment — Boeing purchased 100 percent renewable
energy through the Seattle City Light Green Up program. Boeing will purchase the power as
an “Event” for the estimated 200,000 kilowatt-hours (kWh) required to operate the LTST
system for each year of operation. Boeing purchased the first “Event” in November 2011 for
$3,000, and the billing request, purchase agreement, and invoice are included in Appendix F.
The power use was estimated from a maximum system power draw of 120 hp (90 kW) and an
average system utilization of 25 percent considering both estimates of base flow and storm
flow. The LTST system was designed with high quality pumps and efficient motors.
EnergyStar certification was not found to be available for pumps and other equipment
required to run the LTST system. However, VFDs are installed to run the pumps efficiently
as described above.

Cleaner fuels, diesel emissions controls and retrofits, and emission reduction strategies —
Requirements regarding cleaner fuels and emission reduction strategies were included in the
contractor specifications. Glacier obtained a new wheel loader for the duration of the project
that met EPA Tier 4 emission standards. It featured a diesel particulate filter (DPF) and
diesel oxidation catalyst (DOC) to reduce particulate matter (PM) and nitrogen oxides (NOXx).
Other equipment used met Tier 3 standards. All equipment operators followed a strict policy
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of limiting equipment idling to 3 minutes and dump trucks were turned off during loading
operations.

e \Water conservation and efficiency approaches including WaterSense products —
Backflushing of sand filter vessels is performed using filtered stormwater and no
supplemental water (i.e., potable water) is used as part of the LTST system. Even the non-
routine removal of settled solids from weir and storage tanks is to be performed with a
vacuum truck without use of a supplemental water source, although a small quantity of water
may be used for tank clean-out if determined to be necessary for effective solids removal.

e Industrial material reuse or recycling within regulatory requirements — The large steel
enclosure for the NBF LTST system control unit and some of its components are equipment
from a previous project and were refurbished for reuse on this project. Project dewatering
operations required conveyance of groundwater nearly 2,000 ft across the site to the DTS
area. Glacier rented HDPE pipe to convey this water, rather than purchase and dispose of
new materials.

o Recycling of materials generated at or removed from the site — A total of approximately
1,250 tons of concrete and asphalt were transported to a concrete recycling facility (Renton
Concrete Recyclers in Renton, Washington) or Miles Industries/Woodworth’s in Lakeview
for recycling. All excavated suitable soil that was tested and deemed acceptable for reuse
was used as backfill for pipe trenching work, to the extent possible. Based on visual
estimations of soil stockpile size, and tracking which stockpiles were reused at the site, it is
estimated that 1,050 cubic yards of soil (approximately 1,575 tons) was reused during the
project as backfill material. As discussed above, a total of approximately 4,100 tons of soil
was shipped offsite to the Waste Management Columbia Ridge Subtitle D Landfill for
disposal via rail from the Alaska Street Reload and Recycling Facility. Shipment by rail
reduces single-truck traffic to the landfill, and soil was used as daily cover. Paper and
cardboard generated onsite during construction was transported back to Glacier’s home office
where it was collected by Waste Management to be recycled.

e Environmentally Preferable Purchasing — The general contractor used local suppliers for
import backfill materials and only when onsite excavated soil could not be reused. Log
books and other paperwork associated with the LTST system operation and maintenance
incorporated post-consumer recycled content to the extent reasonably available. The ductile
iron pipe and fittings installed in the system are made from recycled metals.

e Environmental Management System (EMS) practices— Equipment monitoring and data
recording is being done electronically. All data is being transmitted electronically and being
distributed via email to reduce paper usage to the extent possible. In addition, Boeing has
prepared electronic submittals to EPA for the documents under this project, and avoided the
use of paper copies/submittals, to the extent allowed by EPA under the ASAOC. Glacier
personnel were provided with refillable water bottles and water coolers to limit waste. Waste
from Glacier’s office trailer was minimized by recycling efforts and electronic
communications. Glacier provided electronic submittals and received electronic approvals
from Boeing for material submittals, greatly reducing paper usage. Glacier’s project
management coordination and communication was handled electronically whenever possible.

In addition to the standard EPA green technologies listed above, the LTST system incorporated

the following technologies and practices listed below.
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o Motorized and automated discharge valves are installed on the sand filter units that are
throttled back only during the backflush cycle to create the necessary higher backpressure. In
doing this, the need for constant backpressure is eliminated, which, in turn, reduces the
required horsepower of the pumps and overall operational power requirements.

e The natural chitosan polymer used in the CESF process (chitin) of the LTST system is
produced from waste shrimp and crab shells, rather than a synthesized chemical or a product
of petroleum processing.

e The CESF process generates a smaller amount of waste products that contain PCBs and that
need to be disposed of at a landfill, relative to other potential treatment technologies (e.g.,
GAC, media filtration).

e VFDs are used to control the LSIV pump motor as well as for the CESF pre-treatment pump
and three transfer pumps. The use of VFDs for pump motor controls help to reduce power
usage by running the pumps only at the speed necessary for the system’s need at that time.

The following table summarizes the economic impacts of implementing these green policy

practices during this project:

COST DIFFERENTIAL TO
GREEN PRACTICE IMPLEMENT GREEN PRACTICE NOTES

Purchasing Green Power Additional Cost of $3,000 1
Using Low-Emissions Heavy Equipment No additional cost 2
Recycling Concrete & Asphalt Savings of $31,500 3
Re-using Soil Onsite Savings of $78,500 4
Renting HDPE for the Temporary Dewatering System - .
to Promote Reuse of Material Negligible Difference S

Notes:

1. The purchase price of $3,000 is the estimated difference between the base cost of traditional power and the

higher-priced renewable power for the estimated 200,000 kWh.

2. Earthwork contractor has a special preferred agreement with Hertz Equipment Rental to rent Tier 4 heavy
equipment at no additional cost over traditional equipment.

3. 1,250 tons of concrete and asphalt debris; typical disposal fee is approximately $35/ton and the typical recycling
fee is approximately $9.75/ton; recycling results in a net savings.

4. Approximately 1,575 tons were reused at the site as fill material. Assuming typical disposal cost of $35/ton,
approximately $55,000 was saved by reusing the soil. Additionally, assuming a typical cost for importing backfill
of $15/ton, approximately $23,500 was saved by offsetting the backfill import requirement.

5. Pipe rental cost approximately $10,500. Assuming a typical unit cost for 6-inch HDPE of $5.25/linear foot,
purchasing 2,000 ft of HDPE is approximately equal to renting.

3.6 PROJECT QA/QC
During construction, soil density testing was conducted to verify project compaction requirements
were met. Mayes Testing performed 248 soil density tests in the field, and all were within specification

requirements (95 percent for the top 4 ft and 90 percent below the top 4 ft).
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Electrical inspections were performed and permits were acquired through Washington State
Department of Labor and Industries. The electrical work performed by Pacific Crest Electric as a
subcontractor to Glacier Environmental was completed under Permit No. 2000794E. The final inspection
was approved complete on October 24, 2011. A summary of the permit inspections is available at the
Labor and Industries website, and a copy of that summary is provided in Appendix G. The electrical
work performed by Unity Electric on the CESF system as a subcontractor to Clear Water was also
inspected by Labor & Industries on October 12, and a copy of the electrical work permit (No. 2024393K)
for their system is also provided in Appendix G.

A performance evaluation was conducted during startup of the treatment system. On October 28,
a final inspection was performed and a moderate-sized rainfall event occurred such that peak flow rate
capacity performance of the system could be tested. The lift station pump was observed to operate at a
maximum flow rate between 1,100 and 1,200 gpm, as compared to the design maximum flow rate
capacity of 1,450 gpm. With stormwater flow from MH130A at approximately 470 gpm when that pump
was operational, the system still had the ability to pump 1,500 gpm when MH130A was pumping. The
reduced capacity of the LSIV pump was determined to be that the LSIV pump draws slightly higher
amperage than the maximum range of the VFD that was installed to control that pump. During
construction, a different pump than the one originally specified was approved for use without realizing
that it would not be fully compatible with the VFD. A replacement VFD with a matching higher
amperage range rating was installed on November 7, 2011, to allow the full design pumping flow rate
control range.

There are only limited monitoring results as of the writing of this report to compare with the
performance goals and cleanup goals described above in Section 2.1 and Section 2.2, respectively.
However, the preliminary results appear to confirm the ability of the LTST system to meet these goals.
During the period from November 1 through January 31, 2011, approximately 50.5 million gallons of
water were treated by the system. Average measured effluent turbidity from the LTST CESF system
during this period has been less than approximately 2 NTU. Water samples of the LTST effluent through
December 27, 2011 have been non-detect for PCBs at a reporting limit of 0.010 ug/L for each Aroclor. In
addition, four out of five flow-weighted composite water samples collected at the point of compliance
(LS431) through December 27, 2011 have been non-detect for PCBs at a reporting limit of 0.010 pg/L for
each Aroclor, with only one storm sample measured at a concentration of 0.025 pg/L (which is less than
the 0.030 ug/L marine chronic water quality criterion). The FWAAC will be calculated at the end of the
first full year of LTST system operation to compare to the 0.018 pg/L alternative interim goal, but, so far,

these results appear to confirm that the LTST system was installed correctly and is operating properly.
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3.7 DESIGN FLEXIBILITY AND CONTINGENCIES
Several contingencies have been designed into the 24-inch HDPE King County piping reroute for
flexibility of future items and/or configurations. Designed and incorporated contingencies are as follows:

1. A valve box or vault is installed on the 24-inch HDPE reroute piping, in the northern portion
of the site, to allow for potential future installation of a media filtration basin at available land
at the north end of NBF (see Appendix B drawings, Sheet C295 and M502). This media
filtration basin has been discussed as an option with EPA (Geosyntec Consultants 2011d) and
is currently undergoing a pilot test in the area that the STST system had occupied.
Monitoring of that pilot test is being conducted as described in the SAP (Landau Associates
2012).

2. A spare electrical/control conduit and spare 6-inch HDPE stormwater conveyance pipe are
installed between the above-mentioned valve box/vault and the lift station to allow for
potential future pump control and discharge of treated stormwater from a media filtration
basin.

3. A vault structure (wet vault) is installed on the 24-inch HDPE reroute piping upstream of
MHA422 for potential future installation of a pump to direct bypassed King County stormwater
to Slip 4 if it is later determined that the offsite King County flows are negatively affecting
the LTST capability of meeting applicable water quality discharge criteria.

4. A weir and pressure/level transducer is installed within the above-mentioned wet vault (see
plans in Appendix B) to monitor and estimate flows coming through the offsite King County
lines.
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4.0 OPERATION AND MAINTENANCE REQUIREMENTS

The operation and maintenance (O&M) of the LTST CESF system will be similar to that of the
decommissioned STST system. Appendix H includes a detailed description of operation, maintenance,
and monitoring of the LTST system. The O&M manual in Appendix H was recently updated to reflect
the new Ecology general use designation for use of up to 1.5 percent chitosan acetate and to reflect EPA’s
approval to Boeing for use of that higher concentration chitosan solution or the original 1 percent
solution. A summary of the prominent O&M tasks and description of LTST specific tasks is given below.

CESF systems are most frequently operated at construction sites where very turbid water (on the
order of thousands of NTUs) is being treated, are operated intermittently, and are actively operated by
trained personnel. Operation at NBF will differ in that treatment will take place 24 hours a day to treat
base flow (although this may use only one of the three sand filters, allowing equipment maintenance to
occur on a non-rush basis during dry weather) and storm flow, treating water with turbidity typically less
than 25 NTU. Therefore, operation and monitoring of the LTST CESF system will be automated, except
for weekly calibration, routine inspections, and troubleshooting to be conducted by trained CESF
operators. A remote messaging alarm system will alert personnel if additional unscheduled/immediate
maintenance is needed.

Monitoring of the CESF system during operation will include residual chitosan testing, routine
inspections, and sensor and chitosan metering pump calibrations. Once the CESF system is optimized
and operating smoothly, the chitosan dosing rate is anticipated to remain relatively constant, and a twice-
monthly residual chitosan testing frequency is anticipated to be adequate to verify that no chitosan is
being discharged to Slip 4. The monitoring frequency is listed in the SAP (Landau Associates 2012) and
in the Operation and Maintenance Manual (Appendix H).

Breakthrough of PCBs through the sand filter media at very low levels was seen at the STST
system after 6 months of operation and after the four-vessel system had filtered more than 20 million
gallons of stormwater. Therefore, special attention will be paid to each of the three sand filter systems as
they approach or pass the point of having filtered 20 million gallons. Sand filters will also lose some of
their sand during the backflush cycles, so it is planned to open up the sand filters after approximately
every 10 million gallons filtered to see if replacement sand is necessary to bring the filter media bed back
up to its full height. Replacement of the filter media after treatment of over 20 million gallons may not be
necessary if sand media volume is maintained and effluent water quality is meeting the design basis.

The LTST system supplier and operator, Clear Water, maintains spares of all their general system
equipment (e.g., chitosan metering pumps, turbidity meters, valves, instrumentation). Therefore, system

operational repairs that may be required can generally occur without delay.
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41 MONITORING

Treatment system performance monitoring and site compliance monitoring will be conducted

throughout operation of the LTST in a similar manner to monitoring conducted during STST operation.

The details of planned monitoring are provided in the SAP (Landau Associates 2012), which includes a
Field Sampling Plan (FSP) and Quality Assurance Project Plan (QAPP).
As described in the SAP, the objectives of the field sampling are to gather data to:

Monitor stormwater discharges for comparison with the LTST interim goals
Evaluate the design assumptions for and performance of the LTST facility

Confirm that the interim goals are reasonably conservative and descriptive of site conditions,
including the appropriateness of treating non-detect PCBs concentrations in water as zero
when calculating the annual average PCB concentration

Accurately characterize the offsite stream from the King County North Lateral re-route in
order to evaluate this load contribution to the LSIV and the LTST system

Evaluate individual lateral storm drain inputs, and monitor the effects of future source control
actions

Characterize solids for disposal.

Field sampling locations, sampling devices and sampling methodology are described in detail in

the SAP. A summary of the sampling locations follows:

Lift Station (LS431) — Compliance Monitoring Point. The point of compliance for the
LTST interim goals is identified in the SAP as just downstream of the King County lift
station pumps. This point is also downstream of the LTST system effluent discharge.
Compliance monitoring at this location will consist of collecting flow-weighted whole water
samples for laboratory analysis, and comparing data to the interim goal for PCBs in water. In
addition, continuous flow monitoring will take place at LS431, which will be used to quantify
the annual amount of stormwater discharged, as well as to apportion flow volumes to various
categories (e.g., CESF treated storm flow vs. untreated bypass storm flow). This information
is necessary to calculate the annual average for PCBs in water (alternate solids interim goal).

LTST System Influent and Effluent. To monitor the performance of the LTST facility,
whole water samples of the treatment facility influent and effluent, and filtered solids samples
from the treatment facility influent and effluent, will be collected for laboratory analysis. The
influent to the LTST facility from MH130A (the North Lateral) will be sampled
independently from the influent to the LTST facility from the LSIV (all other laterals). Data
from these sampling locations will also be used to calculate the annual average concentration
of PCBs in water, and to determine the appropriateness of using zero for non-detect results in
that calculation.

LTST Weir Tanks, Storage Tanks, and Sand Filters. Samples will be collected of solids
retained in the inlet weir and backflush settling tanks (both approximately 18,000-gallon
capacity tanks) and storage tanks (each approximately 21,000-gallon capacity), as needed, to
determine appropriate disposal options for the solids.
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o Sediment Traps. To continue to evaluate individual lateral storm drain inputs, Boeing will
continue the sediment trap monitoring program that began in 2005, with the modifications
described in the SAP to account for changes in flow due to the stormwater reroute

e Re-routed Storm Drain Pipe from King County. In order to determine if the re-routed
stormwater from King County is contributing to an inability of the LTST system to meet the
EPA interim goals, flow-weighted water samples will be taken from one of the new manholes
along the King County bypass re-route.

STST and LTST sample analyses are described in the SAP, and summarized in Tables 1a and 1b,
respectively. In general, whole water samples will be analyzed for PCBs using EPA Method 8082, for
TSS using Standard Method (SM) 2540, and for particle size distribution (PSD) by using the Ecology
TAPE Method. In addition, to provide information for the remedial investigation being conducted by
Ecology at NBF and the GTSP, samples will be analyzed for total and dissolved metals (arsenic,
cadmium, chromium, copper, lead, mercury, nickel, and zinc) using EPA Methods 200.8 and 7470;
semivolatile organic compounds (SVOCSs) using EPA Method 8270D, and PAHs using EPA Selected lon
Monitoring (SIM) Method 8270D. If insufficient sample is available for all analyses, the priority for
analysis will be PCBs, TSS, PSD, total and dissolved metals, SVOCs, and PAHs. The target reporting

limits for each analysis are presented in the SAP.

42 POINT OF COMPLIANCE

As described above, the POC is the King County lift station effluent vault (LS431), at a point just
downstream of the location at which the CESF effluent is discharged into that structure, is identified as
the point of compliance because storm drain discharges here represent 94 percent of the NBF onsite
drainage area. The remaining 6 percent of the area is known to have relatively lower PCB solids
concentrations (Landau Associates 2011c). The lift station is also the farthest downstream location in the
storm drain system that is not impacted by tidal flushing. Downstream of the lift station, such as CB433
or at the outfall, water and solids samples would not be representative of solely NBF storm drain
discharges (note that the lift station also does currently include significant upgradient offsite

contributions). Figure 5 and the as-built drawings in Appendix A show the point of compliance, LS431.

43 REPORTING

Until such time that EPA approves of alternate reporting requirements, Boeing will continue to
prepare monthly progress reports and submit those reports to EPA by the fifth day of the following month
(or the first subsequent work day if the fifth day of the month falls on a weekend or holiday). Monthly
progress reports will continue to include information related to stormwater treatment system operation

(e.g., total gallons of stormwater treated, rainfall data, any significant operational problems or system
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shutdowns) and will contain summary data tables of all validated stormwater analytical testing results that
were received from the laboratory by the 24th of the month. Results of the Stage 2A data validation, as
described in the SAP (Landau Associates 2012), will be documented in a technical memorandum. The
technical memorandum will include a disk with electronic copies of chain-of-custody forms and

laboratory data packages, and be submitted to EPA with project monthly reports.
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5.0 SUMMARY OF PROJECT COSTS

A summary of project costs that Boeing have incurred as part of the work performed per the
ASAOC is included in Table 4. As listed in Table 4, that cost is approximately $5,438,000. It should be

noted that the costs presented only include external costs and do not include Boeing internal labor costs.
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6.0 USE OF THIS REPORT

This report has been prepared for the exclusive use of The Boeing Company and applicable
regulatory agencies for specific application to the installation and operation of a long-term stormwater
treatment facility for removal of PCBs from stormwater in the storm drain system at NBF. No other party
is entitled to rely on the information, conclusions, and recommendations included in this document
without the express written consent of Landau Associates. Further, the reuse of information, conclusions,
and recommendations provided herein for extensions of the project or for any other project, without
review and authorization by Landau Associates, shall be at the user’s sole risk. Landau Associates
warrants that within the limitations of scope, schedule, and budget, our services have been provided in a
manner consistent with that level of care and skill ordinarily exercised by members of the profession
currently practicing in the same locality under similar conditions as this project. We make no other
warranty, either express or implied.

This document has been prepared under the supervision and direction of the following key staff.

LANDAU ASSOCIATES, INC.

Martin Valeri, E.ILT.
Senior Staff Engineer

Jeremy Davis, P.E.
Senior Project Engineer

W W
Robert Ludwig, P.E.
Senior Project Engineer

Joseph A. Kalmar, P.E.

Principal

JAK/RCL/JMD/MCV /tam
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FIGURE 9

COMPLETED PROJECT SCHEDULE FOR LONG-TERM STORMWATER TREATMENT CONSTRUCTION
NORTH BOEING FIELD - SEATTLE, WASHINGTON

ID [Task Name Duration Start Finish [Feb'11 [Mar'1l  [Apr'il [Jun'11  TJul'il  JAug'1l [Sep'1l [Oct'll  [Nov'll |Dec'll
‘ ‘ 2330[6 [6[1320273 \101724\1T§/ 152229[5 121926(3 10172431[7 1421284 1118[25\2 [91162330[ 6 [132027(4 11{13\7;

1 Task 3A.1. Draft Pre-Design Technical Memorandum 37 days Wed 1/26/11 Thu 3/17/11

2 Task 3A.1. Final Pre-Design Technical Memorandum 21 days Fri 3/18/11 Fri 4/15/11 j

3 Salinity Monitoring Data Technical Memo (following receipt of final data) 4 wks Wed 4/20/11 Tue 5/17/11 l:]

4 EPA Design Review Meeting 0 days Thu 4/28/11 Thu 4/28/11 ng

5 Task 3.A.2 Pre-Final (60%) Design 27 days Fri 3/25/11 Mon 5/2/11 b

6 Procurement of Major CESF System Components 10 days Tue 5/3/11 Mon 5/16/11

7 Fabrication and Delivery of Major CESF System Components 12 wks Tue 5/17/11 Mon 8/8/11 ‘ }7

8 EPA Design Review Meeting #2 (tentative) 0 days Wed 5/25/11 Wed 5/25/11 5/25

9 Task 3A.3. 90% Design 19 days Tue 5/3/11 Fri 5/27/11 Ej_

10 Task 3B. Draft O&M Manual 19 days Tue 5/3/11 Fri 5/27/11 IJ:

T1 | Task 3A.4. 100% Design 20days  Mon 5/30/11 Fri 6/24/11 Ej

12 | Task 3B. Final O&M Manual 20 days Mon 5/30/11 Fri 6/24/11 [b

13 Prepare and Release Bid Documents 10 days Tue 4/26/11 Mon 5/9/11

14 Review Bids and Select Contractor 6 days Fri 5/13/11 Fri 5/20/11

15 Contractor Initial Material Procurement and Mobilization 12 days Mon 6/13/11 Tue 6/28/11

16 Construction, Subsurface Work, and Electrical Power Supply 17.3 wks Wed 6/29/11 Wed 10/26/11 H 4}_‘

17 CESF System Equipment Placement, Piping Connections, Electrical & Instrumentation 11 wks Mon 8/15/11  Thu 10/27/11 4}_‘

18 Initial Attempt at Connecting Electrical Power Supply and Worker Injury 0 days Sun 9/18/11 Sun 9/18/11 ‘ 9/18

19 EPA Onsite Project Status Meeting 0 days Tue 9/20/11 Tue 9/20/11 ‘ 9/20

20 Startup Testing (Full System Testing after Full Power Connection 10/23/11) 10days Mon 10/17/11 Fri 10/28/11

21 Long-Term Stormwater Treatment Installed and Operating 0 days Fri 10/28/11 Fri 10/28/11 10/28

22 Complete Installation of Monitoring Equipment and Site Restoration Activities 2wks Mon 10/31/11 Fri 11/11/11

23 | CESF System Routine Operation and Maintenance 9 wks Fri 10/28/11  Thu 12/29/11 :

24 | Task 4. Removal Action/Stormwater Treatment Completion Report * 45 edays Fri 10/28/11  Mon 12/12/11 IJ:

* Revised Final Completion Report due to EPA within 20 days
of receipt of any comments from EPA.

Task
Split

Progress

L ]

Milestone ‘ External Tasks |:|
Summary ﬁ External Milestone ‘
Project Summary ﬁ Deadline @
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TABLE 1a Page 1 of 2

SHORT-TERM REMOVAL ACTION SAMPLING AND ANALYSIS SUMMARY
NORTH BOEING FIELD - SEATTLE, WASHINGTON

Location Sample Type Sample Media Frequency (a) Parameters (b) Analytical Methods
PCBs EPA Method 8082
( ) g TSS SM 2540
Whole Water (c, d, e 9 Storm Events and 2 Base Flow Events,
(flow-weighted composite) Sloppatoto) November 2010 - May 2011 BEBIS ER2\MeitiodISOI0NIZ70
SVOCs SW8270D
Conventionals (g) Various
PCBs EPA Method 8082
. . 8 Storm Events and 2 Base Flow Events
Lift Stati LS431 ? i
[fiStatenl ) November 2010 - May 2011 1SS Calculated (i)
Particle Size Distribution PSEP-PS (j)
Filtered Solids (c, h) . PCB Concentrations
(in-line stormwater filtration) ey Sl Not Sampled (k) by particle/size|(K) EPA Method 8082
9 Storm Events and 2 Base Flow Events, Metals EPA Method 6010 / 7471
4 Storm Events and 1 Base Flow Event, Dioxins/Furans EPA Method 1613B
November 2010 - May 2011 PAHs SW8270D
PCBs EPA Method 8082
Whole Water Influent (grab) Stormwater (f) Weekly (1)
TSS SM 2540
PCBs EPA Method 8082
Whole Water Effluent (grab) Stormwater (f) Weekly (1)
TSS SM 2540
Short-Term Stormwater Whole W P : Wookl - -
Treatment (STST) System ole Water Effluent (grab) (m) Stormwater (f) eekly (n) Residual Chitosan Ecology approved procedure (o)
PCB: EPA Method 8082
Filtered Solids Influent Stormwater Solids Twice monthly (p) s eiho
TSS Calculated (i)
PCB: EPA Method 8082
Filtered Solids Effluent Stormwater Solids Twice monthly (p) s eho
TSS Calculated (i)
PCBs EPA Method 8082
e e GGl Stom E TSS SM 2540
ole Water Effluent (c, e 7 Storm Events
(flow-weighted composite) Stormwater (7) Nov 2010 - February 2011 (q) Metals EPA Method 6010/ 7470
SVOCs SW8270D
Conventionals (g) Various
6 Storm Events PCBs EPA Method 8082
Manhole 108 (MH108) November 2010 - April 2011 (q) TSS Calculated (i)
5 Storm Events Particle Size Distribution PSEP-PS (j)
Filtered Solids (c, h) ) November 2010 - April 2011 (q) Metals EPA Method 6010 / 7471
- o Stormwater Solids
(in-line stormwater filtration) 3 Storm Events
January 2011 - April 2011 (q) Dioxins/Furans EPA Method 1613B
2 Storm Events
January 2011 - April 2011 (q) PR SZAID
PCBs EPA Method 8082
Whole Water (c, h, r) TSS SM 2540
) : . 4 Storm Events and 2 Base Flow Events,
(flow-weighted and ‘tlme—welghted Stormwater (f) Novermber 2010 - May 2011 Metals EPA Method 6010 / 7470
composite) SVOCs SW8270D
Conventionals (g) Various
PCBs EPA Method 8082
Manhole 178 (MH178) 5 Storm Events and 2 Base Flow Events, 7SS Calculated (i)
March 2011 - May 2011 Particle Size Distribution PSEP-PS (j)
Filtered Solids (c, h) . Metals EPA Method 6010 / 7471
(in-line stormwater filtration) Stormwater Solids
- 2 Storm Events and 1 Base Flow Event, .
March 2011 - April 2011 Dioxins/Furans EPA Method 1613B
3 Storm Events and 1 Base Flow Event,
March 2011 - May 2011 PAHs SWa270D

3/23/2012 P:\025\082\LTST 2012\FileRm\R\ASAOC Completion Report\Revised Final Completion Rpt 032312\Tables\Revised Completion Rpt_Tb 1a.xlsx LANDAU ASSOCIATES



TABLE 1a Page 2 of 2
SHORT-TERM REMOVAL ACTION SAMPLING AND ANALYSIS SUMMARY
NORTH BOEING FIELD - SEATTLE, WASHINGTON

Location Sample Type Sample Media Frequency (a) Parameters (b) Analytical Methods
PCBs EPA Method 8082
Sediment Traps Semivolatiles PSDDA SVOCS SW8270D
(SL4-T1, SL4-T2, SL4-T3, SL4 X . Total Metals Method 6000-7000
T4, SLA-T4A, SL4-T5, SL4- Grab Stormwater Solids Semi-Annually (s) N oTon NioTon
T5A
) Total Organic Carbon Plumb, 1981
Grain Size PSEP-PS
Twice from SL4-T1, SL4-T3, and SL4-T5; PCBs EPA Method 8082
Bedload Solids (SL4-T1, SL4- Bed Load Residual Solids Once from SL4-T2 and SL4-T4
T2, SL4-T3, SL4-T4, SL4-T5) SvVOoC
Once at SL4-T3 S SW8270D
Metals EPA Method 6010 / 7471
PCBs EPA Method 8082
WL (LS Grab Settled Solids As Needed (t) AL SHB270D
(filter backwash tank) Metals TCLP and/or Method 6000-7000
Petroleum Hydrocarbons NWTPH-Dx and NWTPH-Gx

(a) Monitoring plan beginning November 2010. All sampling and analysis were performed by Boeing/Landau Associates and Boeing's contract laboratory, unless otherwise noted.

(b) Analyses were performed if sufficient sample volume was collected. The priority for analysis of samples if insufficient sample volume was collected is summarized in Table 4.

(c) Boeing coordinated with the Washington State Department of Ecology and their consultant SAIC for sampling at the Lift Station LS431, Manhole 108, and Manhole 178.
Samples were collected by either Boeing/Landau Associates or Ecology/SAIC.

(d) During three events, Ecology/SAIC collected whole water samples at the lift station using centrifuge method (Green River) and submitted the samples for PCB analysis.

(e) Lift station LS431, Manhole 108, and Manhole 178 whole water samples were analyzed for metals (arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc), SVOCs, and TOC and other
conventionals in accordance with the Ecology/SAIC storm system sampling work plan and addenda (SAIC 2009, 2010b, 2010c) when sufficient volume was available.

(f) Stormwater is defined as all liquids, including any particles dissolved therein, in the form of base flow, storm water runoff, snow melt runoff,
and drainage, as well as all solids which enter the storm drain system.

(g) Conventionals analytes included pH, alkalinity, carbonate, bicarbonate, hydroxide, chloride, nitrate, sulfate, total organic carbon, dissolved organic carbon, and hardness.

(h) Lift station LS431, Manhole 108, and Manhole 178 solids samples were analyzed for metals (arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc), PAHs, and dioxins/furans
in accordance with the Ecology/SAIC storm system sampling work plan and addenda (SAIC 2009, 2010b, 2010c) when sufficient volume was available.

(i) Calculated based on mass of filtered solids and volume of stormwater filtered. This calculation was discontinued in May 2011 due to multiple uncertainties in measuring TSS in this fashion.

(j) Grain size fractionation/particle size distribution was conducted using Puget Sound Estuary Protocols (PSEP) method. When low volumes of sample were collected, grain size fractionation
was accomplished using sedigraph for material less than 62.5 pm.

(k) Typically there was an adequate quantity of solids for particle size distribution analysis, but there was not an adequate amount of solids for the laboratory
to analyze PCBs within selected particle size fractions.

(I) Three of the weekly influent/ effluent sampling events were performed concurrent with the lift station LS431 storm sampling events.
Overflow at MH130B (i.e., treatment system bypass), if any, was measured using a water level transducer during the sampling period.

(m) Whole water effluent grab samples for Residual Chitosan testing were collected from the treatment facility effluent sample port by Clear Water Compliance Services.

(n) Because of the uniform low turbidity of the NBF stormwater relative to typical chitosan effluent sand filtration (CESF) construction site projects and because of the extremely low probability
of chitosan passing through the sand filters, residual chitosan testing was conducted weekly. Residual chitosan was never detected in sand filter effluent from this project.

(o) Per Clear Water O&M Manual, Ecology approves procedures for residual chitosan testing for each distributor of chitosan acetate. Testing was conducted in accordance with
the distributor's approved procedures.

(p) The influent and effluent flow rate was checked twice monthly. If the flow rate was low enough to suggest adequate amount of solids had collected on the filter,
a filtered solids sample was collected and analyzed.

(q) The Manhole 108 stormwater and solids sampling events were performed concurrent with the lift station LS431 storm sampling events.

(r) Flow-weighted sampling was conducted for the first storm event at Manhole 178, but the next attempted event failed to collect samples due to sensor error,
and flow-weighted sampling was abandoned in favor of time-weighted sampling.

(s) Sediment traps were installed November 12, 2010. The traps were collected and replaced in April 2011. Depending on the quantity of solids collected,
the laboratory may not have been able to analyze all parameters. Analysis of parameters was prioritized in the order listed.

(t) The thickness of accumulated solids (sludge) in the weir tank was checked monthly by Clear Water Compliance Services. |f more than an average of 12 inches of solids had accumulated,
a grab sample of the solids was collected by Boeing/Landau Associates and analyzed for waste characterization purposes. Similar testing was done of filter sand prior to disposal.

3/23/2012 P:\025\082\LTST 2012\FileRm\R\ASAOC Completion Report\Revised Final Completion Rpt 032312\Tables\Revised Completion Rpt_Tb 1a.xlsx LANDAU ASSOCIATES



TABLE 1b

LONG-TERM REMOVAL ACTION SAMPLING AND ANALYSIS SUMMARY
NORTH BOEING FIELD - SEATTLE, WASHINGTON

Long-Term Stormwater
Treatment System

Whole Water Effluent (grab) (e)

Location Sample Type Sample Media Frequency (a) Parameters Analytical Methods
PCBs EPA Method 8082
quthly routine Sfamplln.g TSS 'SM 2540D
(multiple day sampling period),
November 2011 - December 2012; Total & Dissolved Metals (k) EPA Methods 200.8, 7470 for Hg
Five additional 24-hour storm events of SVOCs (k) EPA Method 8270D
20.5 inch precipitation,
November 1, 2011 - October 31, 2012 PAls (k) EPA SIM Method 8270D
Lift Station (LS431) Whole Water PSD Ecology TAPE Method (m)
. o . . . Stormwater (b)
(Compliance Monitoring Point) (flow-weighted composite) PCBs EPA Method 8082
TSS SM 2540D
To be determined (c), Total & Dissolved Metals (k) EPA Methods 200.8, 7470 for Hg
starting January 2013 SVOCs (k) EPA Method 8270D
PAHSs (k) EPA SIM Method 8270D
PSD Ecology TAPE Method (m)
PCBs EPA Method 8082
Whole Water Influent Twice monthly in 2011, monthly in 2012 (d);
from MH130A (grab) To be determined (c) starting January 2013 TSS SM 25400
PSD Ecology TAPE Method (m)
PCBs EPA Method 8082
Whole Water Influent from Lift Station Twice monthly in 2011, monthly in 2012 (d); Tss SM 25400
Inlet Vault (composite) Stormwater (b) To be determined (c) starting January 2013
PSD Ecology TAPE Method (m)
PCBs EPA Method 8082
Twice monthly in 2011, monthly in 2012 (d);
Whole Water Effluent (grab) To be determined (c) starting January 2013 TSS SM 25400
PSD Ecology TAPE Method (m)

Twice monthly (f)

Residual Chitosan

Ecology approved procedure (g)

Filtered Solids Influent from MH130A

Filtered Solids Influent
from Lift Station Inlet Vault

Filtered Solids Effluent (n)

Stormwater Solids

Monthly through December 2012, including

Media Bed Pilot Study:
Influent, Effluent from Cell A, and
Effluent from Cell B

Whole Water (grab)

Stormwater (b)

during the five 24-hr storm sampling events; PCBs EPA Method 8082
To be determined (c) starting January 2013
Monthly through December 2012; PSD PSEP-PS (j)
To be determined (c) starting January 2013 Metals (1) EPA Methods 6010/6020, 7471 for Hg
Monthly through December 2012, including
during the five 24-hr storm sampling events; To be PCBs EPA Method 8082
determined (c) starting January 2013
Monthly through December 2012; PSD PSEP-PS (j)
To be determined (c) starting January 2013 Metals (1) EPA Methods 6010/6020, 7471 for Hg
Monthly through December 2012, including
during the five 24-hr storm sampling events; PCBs EPA Method 8082
To be determined (c) starting January 2013
PCBs EPA Method 8082
Five storm events of >0.2 inch precipitation ISS SME530D)
PSD Ecology TAPE Method (m)

and five dry weather events by July 1, 2012

Total Organic Carbon

SM 5310B or SM 5310C

Dissolved Organic Carbon

SM 5310B or SM 5310C

3/23/2012 P:\025\082\LTST 2012\FileRm\R\ASAOC Completion Report\Revised Final Completion Rpt 032312\Tables\Revised Completion Rpt_Tb 1b.xIsx
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TABLE 1b

LONG-TERM REMOVAL ACTION SAMPLING AND ANALYSIS SUMMARY
NORTH BOEING FIELD - SEATTLE, WASHINGTON

(SL4-T5A to be moved from MH178 to

Location Sample Type Sample Media Frequency (a) Parameters Analytical Methods
PCBs PSDDA Method 8082
SVOCs PSDDA SVOCS SW8270D
Sediment Traps
[SL4-T1, SL4-T2, SL4-T3, SL4-T4, SL4- Total Metals Method 6000-7000
T4A, SL4-T5, SL4-T5A(2) (a)] Annual Composite, Homogenized Stormwater Solids Annually (h) NWTPH-Dx NWTPH-Dx (with acid silica gel cleanup)

compositing)

King County bypass line wet well) Total Organic Carbon Plumb 1981
Percent Total Solids EPA 160.3 (modified for solids)
PSD PSEP-PS (j)
Composite from 3 or More Grab Samples GBS ERAMSHOJE082
i i i SVOCs EPA Method 8270D
Weir and S_torage T:'anks, from Tank.or Filter Vgssel (grab Ioca.tlons Settled Solids As Needed (i) etho
Sand Filter Media to result in both horizontal and vertical Metals TCLP and/or Method 6000-7000

Petroleum Hydrocarbons

NWTPH-Dx and NWTPH-Gx

Re-routed King County Stormwater -
North Lateral (KCBYP)
(manhole west of 3-365 building)

Whole Water
(flow-weighted composite)

Stormwater (b)

Contingency (0):
Offsite Stormwater - Other Laterals (SL4-
T2A, SL4-T3A, SL4-T4A)

Whole Water
(flow-weighted composite)

Stormwater (b)

Parallel w/ LS431 sampling: PCBs EPA Method 8082
half of the routine monthly events, Tss SM 2540D
November 1, 2011 - December 31, 2012,
and two storm events, Total & Dissolved Metals (k) EPA Methods 200.8, 7470 for Hg
November 1, 2011 - October 31, 2012 PSD Ecology TAPE Method (m)
PCBs EPA Method 8082
To be determined (c), TSS SM 2540D
starting January 2013 Total & Dissolved Metals (k) EPA Methods 200.8, 7470 for Hg
PSD Ecology TAPE Method (m)
PCBs EPA Method 8082
Two events per location (p), TSS SM 2540D
parallel w/ LS431 sampling Total & Dissolved Metals (k) EPA Methods 200.8, 7470 for Hg
PSD Ecology TAPE Method (m)

Analysis of parameters will be prioritized in the order listed. Sediment trap sampling will continue indefinitely until such time that additional data collection is no longer needed to support source control efforts.
(i) The thickness of accumulated solids (sludge) in the weir tank will be checked at least once per month to determine if solids should be removed. Prior to solids removal, a composite sample of the solids will be collected and analyzed for waste

characterization purposes. Composite sampling will also be done for used sand filter media prior to disposal. Subsequent waste characterization will not be necessary unless contaminant concentrations in the LTST influent change significantly.

(j) Grain size fractionation/particle size distribution for solids samples will be conducted using Puget Sound Estuary Protocols (PSEP) method. When low volumes of sample are collected, grain size fractionation
will be accomplished using sedigraph for material less than 62.5 pm.
(k) If sufficient volume is available, LS431 whole water samples will be analyzed for total and dissolved metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc), SVOCs, and PAHSs to support
Ecology's NBF-GTSP remedial investigation activities.

(
(
(n
(o
(
(

q
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1) When sufficient volume is available, LTST filtered solids samples will be analyzed for metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc) to support Ecology's NBF-GTSP remedial investigation activities.

m) The preferred method for particle size distribution (PSD) will continue to be evaluated as the results are received.

) From experience with STST filtered solids collection, there will not be enough solids collected in the LTST effluent filter for metals or PSD analysis. Therefore, we do not propose to filter for metals or PSD analysis at the LTST effluent.

) Sampling of stormwater from offsite KCIA sources may be performed to assess KCIA stormwater impact on compliance with EPA Interim Goals.

p) Sampling of some or all events at these locations may not be feasible, as the locations are on the flightline and safety concerns and regulations may interfere with sampling activities.
) Location SL4-T5A(2) does not have a bracket and Teflon container like the other sediment trap locations; SL4-T5A(2) shall be sampled by collecting solids from the bottom of the wet well, which collects solids behind a permanent weir.
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TABLE 2 Page 1 of 1
PROJECT DOCUMENTS PRODUCED UNDER THE ASAOC
NORTH BOEING FIELD - SEATTLE, WASHINGTON
ASAOC
Task Action or Document Title Author Date
N/A Proposed Design, Short-Term Stormwater Treatment Facility Landau Associates July 15, 2010
1 Short-term Stormwater Treatment Facility Installed and Operating N/A September 15, 2010
1A Draft Removal Action Work Plan: Short-term Stormwater Treatment Landau Associates September 2, 2010
1A Final Removal Action Work Plan: Short-term Stormwater Treatment Landau Associates January 7, 2011
1B Draft Short-term Treatment Facility Operation and Maintenance Manual Landau Associates September 2, 2010
1B Final Short-term Treatment Facility Operation and Maintenance Manual Landau Associates December 22, 2010
1c Draft Short-term Treatment Facility Compliance Assessment Technical Landau Associates October 29, 2010
Memorandum
1c Final Short-term Treatment Facility Compliance Assessment Technical Landau Associates November 19, 2010
Memorandum
2 Draft Removal Action Work Plan: Long-term Stormwater Treatment Geosyntec Consultants November 12, 2010
) ) . January 26, 2011
2 Final Removal Action Work Plan: Long-term Stormwater Treatment Geosyntec Consultants Addendum - March 3, 2011
N/A Final Slip 4 Salinity Monitoring Plan Geosyntec Consultants January 2011
N/A Final Slip 4 Salinity Monitoring Field Sampling Plan AMEC Geomatrix January 2011
N/A Final AKART Analysis Report for North Boeing Field Long-Term Stormwater Geosyntec Consultants February 9, 2011
Treatment
Project Design Documents and Installation, Operation, and Maintenance of
3 - N/A N/A
Long-term Stormwater Treatment Facility
3A1 Draft Pre-Design Technical Memorandum Geosyntec Consultants March 17, 2011
3A.1 Final Pre-Design Technical Memorandum Geosyntec Consulfants and April 6, 2011
Landau Associates
3A.2 Pre-Final (60%) Design Report for Long-Term Stormwater Treatment Landau Associates May 2, 2011
3A.3 |90% Design Report for Long-Term Stormwater Treatment Landau Associates May 27, 2011
N/A Slip 4 Salinity Monitoring Data Report AMEC Geomatrix June 2011
N/A Memorandum, Bed Load Sampling and Analysis Results Landau Associates June 20, 2011
N/A Biofilter Media Pilot Study for North Boeing Field Geosyntec Consultants June 21, 2011
3A.4 100% Design Report for Long-Term Stormwater Treatment Landau Associates June 24, 2011
3B Draft Operation and Maintenance Manual for LTST Landau Associates (with 90% Design Report)
3B Final Operation and Maintenance Manual for LTST Landau Associates (with 100% Design Report)
Draft Sampling and Analysis Plan for LTST (Monitoring Plan for Water and . (with 60% and 100% Design
3¢ Solids in Influent and Treated Effluent) Landau Associates Reports)
3C Sampling and Analysis Plan for LTST (revised) Landau Associates December 22, 2011
3C Final Sampling and Analysis Plan for LTST Landau Associates February 24, 2012
N/A Mgmorand.um: Alternative I.nterlm Goal Recommendations for Protection of Jones et al. December 12, 2011
Slip 4 Sediment Recontamination
4 Draft Removal Action/Stormwater Treatment Completion Report Landau Associates December 12, 2011
N/A Memorandum: Amended Monitoring Approach Recommendations for LTST Jones et al. January 10, 2012
System
4 Final Removal Action/Stormwater Treatment Completion Report Landau Associates March 23, 2012

Jones et. al. = Jones, J., Stenstrom, M., Pitt, R., and Geosyntec Consultants
N/A = Not applicable
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TABLE 3 Page 1 of 1
PROJECT CONSULTANTS AND CONTRACTORS
NORTH BOEING FIELD SEATTLE, WASHINGTON

Consultant or Contractor Description of Work

AMEC/Geomatrix Completed the Slip 4 Salinity Study

Contractor responsible for installing, operating, and maintaining the chitosan enhanced sand filtration

Clear Water Services (CESF) systems for short-term and long-term stormwater treatment.

Prepared alternative PCB solids interim goal memorandums for protection of Slip 4 from

Expert Panel L
recontamination.

Consulting engineer responsible for pre-design phase environmental engineering evaluations,
Geosyntec Consultants AKART analysis, and media bed pilot study. Jointly produced alternative solids interim goal
memorandums with expert panel.

Contractor responsible for earthwork and utility installations related to stormwater conveyance and

Glacier Environmental Inc. subsurface plumbing; construction support for media bed pilot test feasibilty study.

Consulting engineer responsible for design of short-term and long-term stormwater treatment
Landau Associates, Inc. systems (STST, LTST), monthly progress reports, oversight of installation/operation of treatment
sytems by contractors, and compliance stormwater sampling.

PSC Vactor truck and waste handling services associated with removal of filtered stormwater solids.

Consulting engineer responsible for designing subsurface portions of the LTST system including

URS Engineering storm sewers, force mains, pumps, electrical utilities, and slab foundations.
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TABLE 4 Page 1 of 1
ASAOC-RELATED PROJECT COSTS
NORTH BOEING FIELD, SEATTLE, WASHINGTON

Tasks Amount

Short Term Stormwater Treatment (STST) Design and Installation Oversight $ 57,000
Landau Associates costs including ASAOC and technical meetings

STST - Installation and Operation $ 302,000
Clear Water Services supply and O&M of the STST system, other monitoring equipment

STST Construction (storm drain modifications and pumping system) $ 152,000
Glacier Environmental costs for installing the large manholes (130A, 130B, 130C) associated with the STST and for
installing pump and controls for MH130A.

LTST System (CESF system, design, submittals, system startup) $ 1,250,000
Landau Associates design, EPA submittals, and oversight; storage tanks; flow monitoring equipment; Clear Water
Services subcontract costs for supply of CESF system

Long-Term Stormwater Treatment (LTST) King County storm drain bypass line installation and LTST $ 1,889,000
system connection

Glacier Environmental costs for King County storm drain line installation including soil excavation, backfilling and
repaving, MH130A to treatment system force main installation, lift station pump and metering valve installation,
treatment system power connection, treatment system foundation installation.

Stormwater sampling $ 499,000
Landau costs for collection of stormwater samples under the ASAOC

Engineering Design $ 234,000
URS Engineering design consulting costs for King County storm drain, forced main, lift station pump, electrical
service and treatment system foundation

Soil Disposal $ 132,000
4,082 tons of soil at $32.40 per ton

City of Seattle Construction Easement $ 65,000
Easement for King County storm drain line on City property

Laboratory Analysis $ 195,000
Assumed 50% of North Boeing Field laboratory samples associated with stormwater sampling and storm drain soil
excavation sampling analysis. (Oct 2010 - Nov 2011)

EPA oversight costs $ 160,000
EPA oversight and Black & Veatch costs (Nov 2010 and Dec 2011)

Expert Panel $ 131,000
Expert Panel costs for Evaluation of NBF discharges to Slip 4 (through Oct 2011)

Stormwater Support $ 305,000
Geosyntec costs for LTST Work Plan, AKART, Salinity Monitoring Report, Pre-design tech memo, and media bed
pilot test (Oct 2010 -Oct 2011)

Slip 4 Salinity Study $ 28,000
AMEC Geomatrix costs for Slip 4 Salinity Study field work

Media Bed Pilot Test $ 39,000
Glacier Environmental costs for the media bed pilot test setup

Total ASAOC Project Costs $ 5,438,000

Notes:

1. Costs rounded to nearest $1,000.

2. LTST costs include costs projected in December 2011.
3. Listed costs exclude Boeing labor.
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APPENDIX A

Record Drawings for the
Long-Term Stormwater Treatment System



CONTRACTOR LAY DOWN AREA

8 PROPOSED GRAVITY PIRE CONVEYANCE

8 I(54DIA) SYSTEM FROM BURIED MANNQLE
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NEW CONVEYANCE PIPE, M 2%e FT RS CONSTRUCTION PLAN DEMHRAGS. CITY OF SEATILE PROPERTY (APPROXIMATE)
SEE SHEET C506 IE SE 329

CONTRACTOR LAY DOWN AREA

6°HDPE SANITARY SEWER
FORCENAIN /(SPARE)
8°HDPE SANITARY SEWER
FORCENAIN - (SPARE)

PROPOSED INLET/QUTLET TEES T0O POTENTIAL
FUTURE YSTORMWATER TREATMENT SYSTEM.
SEE URS, CONSTRSUCTION PLAN DRAWINGS.

PROPOSED PRESSURE PIPE CONVEYANCE

TERM STORMWATER TREATMENT SYSTEM.
EE URS CONSTRUCTION PLAN DRAWINGS

LONG TERM STORMWATER
TREATMENT SYSTEM

PROPOSED WETWELL.
SEE URS CONSTRUCTION
PLAN DRAWINGS

KING COUNTY LIFT STATION LS431

PROPOSED PRESSURE PIPE CONVEYANCE
SYSTEM FROM MH130A TO THE LONG
TERM STORMWATER TREATMENT SYSTEM. PROPOSED GRAVITY PIPE CONVEYANCE
SEE URS CONSTRUCTION PLAN DRAWINGS. SYSTEM FROM BURIED MANHOLE
TO THE LONG TERM TREATMENT SYSTEM.
SEE URS CONSTRUCTION PLAN DRAWINGS.

NOTES:
1. AS-BUILTS OF THE CONVEYANCE SYSTEM IS
FROM THE "SANITARY STORM AS-BUILT" OF
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WHICHEVE

MAXIMUM PATCH WIDTH SHALL BE
2’ PLUS TRENCH WIDTH OR 3',
R IS GREATER (TYP

)

—— SAWCUT

—— SAWCUT

/EX\ST\NG A.C. PAVEMENT

6” MIN. COMPACTED DEPTH CSBC,
COMPACTED TO 95% MAX DENSITY,
PER WSDOT STD SPEC 9.03.9(3).

-

EXCAVATED SLOPE BY CONTRACTOR

SLOPE VARIES ——L

"GRAVEL BORROW” PER WSDOT STD.
SPEC 9-03014(1), OR SUITABLE
EXCAVATED MATERIAL, COMPACTED TO
95% OF MAX DENSITY

'PIPE ZONE BEDDING" PER WSDOT STD

SPEC 9-03.12(3), PLACED IN 6" MAX.

LIFTS, AND EACH LIFT COMPACTED TO
95% OF MAX. DENSITY

12" MIN.

(Tve) 4" MIN. COMPACTED DEPTH OR
MATCH EXISTING, WHICHEVER IS
GREATER OF 1" HMA PG 64-22

6" MIN. PER WSDOT STD SPEC 5-04.

z 4" MIN.
6" M.
TYP_TRENCH DETAIL

\2" MIN. COMPACTED DEPTH OR

MATCH EXISTING, WHICHEVER IS
GREATER OF 1/2" HMA PG 64-22
PER WSDOT STD SPEC 5-04.

CITY OF SEATTLE
PROPERTY (APPROXIMATE)

DRAINAGE BASIN BOUNDARY

SCALE: N.T.S.

<X CONSTRUCTION NOTES

1. SEE THE URS NORTH BOEING FIELD PHASE 2
RE-ROUTE STORMWATER LINE PLANS FOR ADDITIONAL
PIPE INFORMATION.

2. INSTALL 8"¢ C900 STORM DRAIN PIPE, PER TYPICAL
TRENCH DETAIL.

3. PLUG END OF PIPE WITH CONCRETE
4. 24”9 GRAVITY STORM LINE

5. 8" FORCE MAIN.

6. ELECTRICAL CONDUIT

7. PIPE TO BE ABANDONED.

PIPE CRGSSING:
478 N

4 (STORM)
RIE(EVATION ON URS CONSTRUCTION
COORDINATE FORCE MAIN AND ELECTRICAL

PLANS.
CONDUIT CROSSING ELEVATIONS.

9. ELECTRICAL BANK CROSSING. POTHOLE TO VERIFY
BANK ELEVATION AND NOTIFY ENGINEER IF A CONFLICT
IN DESIGNED CROSSING ELEVATIONS IS FOUND.

10. PIPE CROSSING:
6" IV, = 1.15(SEWER)
8% INV. = 7.65(STORM)

CONTRACTOR LAY DOWN AREA

LOCATION OF TRANSITION FROM
BELOWGROUND TO ABOVEGROUND

LONG TERM STORMWATER

(W)
8 (S) PLUGED
NE) 9

NEW CONVEYANCE PIPE

>

PROPOSED GRAVITY PIPE CONVEYANCE
SYSTEM FROM BURIED MANHOLE

TO THE LONG TERM TREATMENT SYSTEM.
SEE URS CONSTRUCTION PLAN DRAWINGS.

CONTRACTOR LAY DOWN AREA

~
~

6 "HDPE SANITARY SE|
FORCEMAIN /(SPARE)

8"HDPE SANITARY SEWER
FORCEMAIN ~(SPARE)

NO. 104
CB TYPE Il 54"
RIM=11.52

PROPOSED WETWELL.
SEE URS CONSTRUCTION
PLAN DRAWINGS

INV=7.42 (SW.
BOT 0.74
fffffffff PROPOSED PRESSURE PIPE CONVEYANCI
SYSTEM FROM MH130A TO THE LONG
TERM STORMWATER TREATMENT SYSTEM.
SEE URS CONSTRUCTION PLAN DRAWINGS.

PIPING.

NOTES:
1. AS-BUILTS OF THE CONVEYANCE SYSTEM
IS FROM THE "SANITARY STORM
AS-BUILT" OF "NORTH BOEING FIELD" BY
DHA.

KING COUNTY LIFT STATION LS431

TREATMENT SYSTEM

> OULT

11. UNKNOWN MANHOLE UTILITY. CONTROL ROOM X = 200 10" 0 20" 40’
X O T
8 HDPE \/L 7 SCALE IN FEET %
7291290
O \/ERFL oW C299] 298 §4k295( c204
LANDAU ¢307]c306 | c305| c304] 303302 c301[ c300
ASSOCIATES [cazs[casa] [e317]ca1s[ca1s|cara] c313] c312] caticato] caos| 3o
130 2ND AVENUE S. SITE PLAN N [c331]c330]c3z0] cazs|ca27] cas|cazs |caz4] c3a3] cazz| caaicazo| catg] cata
EDMONDS, WA. 98020 SCALE: 1" = 60' KEY PLAN
(425) 778-0907, FAX (425) 778-6409 RECORD DRAWINGS T
s REVISION BY APPROVED DATE SYM REVISION BY APPROVED DATE o o SUBTITLE CURRENT REVISION | SYMBOL
T 1 o broon mojor (G Q22010 " | ONG-TERM STORMWATER TREATMENT SYSTEM D 06.23.2011
- — SPECIFICATION IS APPROVED JKALMAR 06.23.2011 E SHEET
A | LTST SYSTEM LAYOUT MADIFICATIONS R. LUDWIG | J. KALMAR [07.20.2011 ”ﬂm” APPROVED BY | DEPT. | DATE |R. LUDWIG 06.23.2011 C506
2 | AS-BUILTS LANDAU 12.08.2011 @- CHECKED STORM DRAIN MODIFICATIONS
JOB NO. COMP NO.
FRAMAR 06.23.2011 PLAN VIEW
DWG NO.
APPROVED CVIL MASTER COL. NBF 3-YD-C506.D<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>