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To: Ching-Pi Wang
Site Manager
Washington State Department of Ecology

From: Claudia De La Via and Dan Baker
Date: December 19, 2016

File: 0186-846-01

Subject: Gas Works Park Site

Play Area Injection Infrastructure Groundwater Monitoring Well Network

Gas Works Park Site (GWPS) Play Area injection infrastructure installation is being planned in conjunction with
Seattle Parks and Recreation (SPR) renovations at the Gas Works Park Play Area. Infrastructure installation is
planned before substantial renovation begins within the Play Area footprint. The proposed Play Area injection
infrastructure was described in the August 18, 2016, Technical Memorandumi (Tech Memo). This
memorandum was prepared on behalf of Puget Sound Energy (PSE) and the City of Seattle (City), and presents
the layout of the injection infrastructure and the location of monitoring wells proposed to evaluate system
performance, and monitor groundwater conditions upgradient and downgradient of the system.

BACKGROUND

SPR will be conducting a maintenance project at Gas Works Park. Maintenance work or renovations will be
completed in the Play Area, Comfort Station, and East Entry areas. PSE and the City propose to install injection
infrastructure for testing and possible future groundwater treatment in conjunction with the Play Area
renovation. This is a time-critical action as once Play Area renovation work is completed, access to the arsenic
impacted soil and groundwater beneath the Play Area will not be possible without disturbing the newly
renovated Play Area. The Tech Memo described supplemental investigation activities intended to refine the
characterization of dissolved arsenic impacts to groundwater in the Play Area and inform the design of the
injection infrastructure. The field work and analyses for the supplemental investigation were completed during
September and October 2016, in accordance with the Sampling and Analysis Plan and Quality Assurance
Project Plan Addendum No. 2, included as Attachment 1 of the Tech Memo. A summary of the general findings
of the investigation is presented below. A Supplemental Investigation Data Report summarizing the
investigation activities will be provided to Washington State Department of Ecology (Ecology).

Ecology’'s August 31, 2016, letter approving supplemental investigation and infrastructure installation
requested the opportunity to review proposed monitoring well locations once they have been determined.
Proposed monitoring well locations were provided to Ecology in a draft version of this memo on November 30,
2016. Ecology provided comments on December 5, 2016. GeoEngineers, Inc. (GeoEngineers) discussed
monitoring well location revisions with Ecology and revised well locations were verified in the field with Ecology
on December 14, 2016.

1 Supplemental Play Area Investigation and Treatment Infrastructure Construction, GeoEngineers, August 18, 2016.
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PLAY AREA INVESTIGATION FINDINGS

The supplemental Play Area investigations in 2014 and 2016 involved soil and/or groundwater sampling at
borings in more than 30 locations to characterize arsenic concentrations in soil and dissolved arsenic
concentrations in groundwater, as well as characterize geochemical conditions that may impact possible future
treatment of groundwater (e.g., pH, iron and sulfide concentrations). Borings were completed using direct-push
drilling methods where possible. In locations where direct-push methods were unable to achieve the planned
sample depth, sonic drilling methods were used to complete the planned borings. Figure 1 presents the
locations of the soil borings.

Temporary pre-packed well screens were installed in soil borings to allow collection of grab groundwater
samples. Groundwater samples were collected from the saturated fill and outwash units and analyzed for
dissolved arsenic, dissolved iron, sulfide, and chemical oxygen demand (COD). In addition, field measurements
of pH, dissolved oxygen, specific conductance and turbidity were collected during the supplemental
investigation. Figure 2 presents the dissolved arsenic concentrations in fill groundwater samples. Dissolved
arsenic concentrations detected in fill groundwater samples collected during the 2016 supplemental
investigation ranged from 140 micrograms per liter (ug/L) to 10,500 ug/L. Figure 3 presents the dissolved
arsenic concentrations in outwash groundwater samples. Dissolved arsenic concentrations detected in
outwash groundwater samples collected during the 2016 supplemental investigation ranged from 39 ug/L to
23,400 ug/L. Non-aqueous phase liquid (NAPL) was observed in borings; NAPL was known to be present in the
area from previous investigations (see Figures 8-8 and 89 in Agency Review Draft Remedial
Investigation/Feasibility Study Volume I: Remedial Investigation Report). Additional details of the groundwater
sample analyses will be provided to Ecology in a forthcoming data summary report.

The Play Area supplemental investigation included five hydraulic profiling tool (HPT) borings to estimate
hydraulic conductivity in fill and outwash soil. HPT borings and resulting hydraulic conductivity estimates were
used to support the flow analysis for reagent injection and design of the injection infrastructure layout. The HPT
boring locations are presented on Figure 1.

INJECTION AND GROUNDWATER MONITORING WELL NETWORK LAYOUT

Based on the results of analysis of groundwater chemistry data, HPT data, and geology observed at the soil
borings, the layout of the reagent injection well system presented in the Tech Memo was refined, and a
monitoring well network was developed to allow sampling to evaluate the performance of possible future in-situ
treatment. The anticipated injection well system includes 22 injection wells screened in the fill unit and
13 injection wells screened in the outwash unit. The injection wells will be connected below grade to
conveyance piping trenched to utility vaults located outside the Play Area footprint to allow injection from
outside the Play Area after the Play Area renovation is complete. Figures 4 and 5 present the anticipated layout
of the injection well system.

To evaluate the performance of the reagent injection, fifteen new monitoring wells will be installed. The
proposed monitoring well network is presented on Figure 4 with the fill dissolved arsenic extent and Figure 5
with the outwash dissolved arsenic extent. Rationale for each well is presented in Table 1. The proposed
monitoring wells will be installed using hollow-stem auger or sonic drilling methods, depending on the presence
of subsurface debris that may inhibit hollow-stem auger drilling. Monitoring wells will be completed with 2-inch



Memorandum to Ching-Pi Wang, Washington State Department of Ecology
December 19, 2016
Page 3

diameter polyvinyl chloride (PVC) well casing and screen with flush-mount monuments, similar to other wells
installed at the GWPS. Well installation will be consistent with the Sampling and Analysis Plan (Appendix A) of
the March 13, 2013, Supplemental Investigation Work Plan. The 15 new monitoring wells in combination with
two existing wells (MW-36S and MW-36D) (Table 1) will provide a 17-well monitoring network consisting of:

m Nine performance monitoring wells located within the expected area of influence of possible future
in-situ treatment (six wells screened in the fill unit and three wells screened in the outwash unit),

m Two upgradient monitoring wells (one well screened in the fill unit and one well screened in the outwash
unit), and

m Six downgradient monitoring wells near the shoreline (two wells screened in the fill unit and four wells
screened in the outwash unit).

NEXT STEPS

Completion of the injection infrastructure is a time-critical action as, once Play Area renovation work is
completed, access to the arsenic impacted groundwater beneath the Play Area will not be possible without
disturbing the newly renovated Play Area. Installation of the injection infrastructure and monitoring well network
is expected to start in January 2017 and anticipated to take approximately 6 weeks. Monitoring wells will be
installed following injection well installation. After injection infrastructure and monitoring well installation are
complete, an Interim Action Work Plan (work plan) will be prepared to present operating procedures including
the selected reagent, and the proposed monitoring plan to evaluate system performance. The work plan will
include a proposed schedule for reagent injection and monitoring and will specify analyses and analytical
methods for groundwater monitoring. The work plan will be submitted to Ecology for approval before system
operation begins.

Attachments:

Figure 1. Site Plan

Figure 2. Fill Dissolved Arsenic

Figure 3. Outwash Dissolved Arsenic

Figure 4. Proposed Injection Infrastructure and Monitoring Well Network—Fill Dissolved Arsenic
Figure 5. Proposed Injection Infrastructure and Monitoring Well Network—Outwash Dissolved Arsenic

Table 1. Proposed Play Area Groundwater Monitoring Network

Disclaimer: Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or figure), if provided, and any attachments are only a copy of
the original document. The original document is stored by GeoEngineers, Inc. and will serve as the official document of record.
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Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing
features discussed in an attached document. GeoEngineers, Inc. cannot
guarantee the accuracy and content of electronic files. The master file is stored

by GeoEngineers, Inc. and will serve as the official record of this
communication.

Data Source:
o Existing conditions survey by Seattle Parks and Recreation, November 2002

e Construction Completion Report by Thermo RETEC, January 2001
e Earthwork & Demolition plan by Department of Parks and Recreation, July 1974
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Table 1

Proposed Play Area Groundwater Monitoring Network
Gas Works Park Site
Seattle, Washington

No. |Well ID Unit Type Purpose/Rationale

Part of existing shoreline network to monitor groundwater quality downgradient of Play Area

1 |MW-36S Fill Downgradient . . .
injection system. Sampling optional.

Part of existing shoreline network to monitor groundwater quality downgradient of Play Area

2 |MW-36D Outwash Downgradient .
injection system.

Characterize groundwater entering the treatment area. Upgradient of injection wells to avoid

3 |MW-41S Fill Upgradient
treatment effects.

Characterize groundwater entering the treatment area. Upgradient of injection wells to avoid

4 |MW-41D Outwash Upgradient
treatment effects.

5 |MW-42S Fill Performance Monitor groundwater within treatment area downgradient of injection lateral A.

6 |MW-43S Fill Performance Monitor groundwater within treatment area downgradient of injection lateral B.

Monitor groundwater within treatment area downgradient of injection lateral C - closer to

7 |MW-44s Fill Performance L
injection well.
Monitor groundwater within treatment area downgradient of injection lateral C - farther from
8 |mwass  [Fil Performance wonitor & g )
injection well.
9 [MW-45D Outwash Performance Monitor groundwater within treatment area downgradient of injection lateral C.
10 |Mw-aes Fill Performance Mf)nitor groundwatler near downgradient edge of treatment area along plume centerline
(higher concentration area).
11 [MW-46D Outwash Performance Monitor groundwater near downgradient edge of treatment area along plume centerline.
Monitor groundwater within treatment area downgradient of injection lateral D south of
12 |Mw-47s  |Fil Performance groun , g .
plume centerline (lower concentration area).
13 |MW-48D Outwash Performance Monitor groundwater within treatment area downgradient of injection laterals C and D.

Part of shoreline network to monitor groundwater quality downgradient of Play Area injection

14 |MW-49D Outwash Downgradient
system -- southern well.

Part of shoreline network to monitor groundwater quality downgradient of Play Area injection

15 [MW-50D Outwash Downgradient
system - central well.

Part of shoreline network to monitor groundwater quality downgradient of Play Area injection

16 [MW-51S Fill Downgradient )
system and centerline of plume.

Part of shoreline network to monitor groundwater quality downgradient of Play Area injection

17 |MW-52D Outwash Downgradient
system - northern well.

Notes:
1. Monitoring well locations are shown on Figure 4 and 5.

File No. 0186-846-01
Table 1 | December 19, 2016 Page 1 of 1 GEOENGINEERS /y
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Technical Memorandum

Plaza 600 Building, 600 Stewart Street, Suite 1700, Seattle, Washington 98101, Telephone: 206.728.2674, Fax: 206.728.2732 www.geoengineers.com

To: Ching-Pi Wang
Site Manager
Washington State Department of Ecology

From: Dan Baker, Sandy Smith and Chris Bailey

Date: August 18, 2016

File: 0186-846-01

Subject: Supplemental Play Area Investigation and Treatment Infrastructure Construction

The supplemental Play Area investigation and treatment infrastructure construction summarized in this
technical memorandum is being implemented in conjunction with park renovations and needs to be completed
before substantial construction begins within the Play Area footprint. Work will be conducted under a
modification of the March 18, 2005, Agreed Order DE 2008 between Puget Sound Energy (PSE), the City of
Seattle (City), and the Washington State Department of Ecology (Ecology) for the Gas Works Park Sediment Site.
If appropriate, the treatment system would be operated following completion of the renovation project as an
interim action or as part of the final remedy for the Gas Works Park Site.

Background

In 2013, Agreed Order DE 2008 was amended to include upland properties in the area of investigation in order
to evaluate the upland to sediment pathway. Ecology approved the Supplemental Investigation Work Plan
(GeoEngineers, 2013) on March 13, 2013. During the supplemental investigation (SI), elevated concentrations
of arsenic were measured in soil and groundwater samples collected from beneath the Play Area and eastern
shoreline. In response to these findings, the 2014 Play Area investigation (PAI) was conducted to evaluate the
nature and extent of arsenic in soil and groundwater (e.g., speciation), arsenic groundwater geochemistry and
arsenic leaching from soil to groundwater. Ecology approved the 2014 PAl and work was conducted in
accordance with the 2013 sampling and analysis plan (SAP) and quality assurance project plan (QAPP)
amended to meet the specific objectives of the 2014 PAl (GeoEngineers, 2014). The results of the 2014 PAI
are presented in Appendix Y of the Agency Review Draft Remedial Investigation and Feasibility Study Report
(ARD RI/FS) (GeoEngineers, 2016) and geochemical evaluation of arsenic is presented in Appendix Z of the
ARD RI/FS. The geochemical evaluation found that elevated concentrations of arsenic in soil reflect
precipitation of arsenic sulfides within the soil matrix and elevated arsenic concentrations in groundwater are
related to local geochemical conditions that stabilize thioarsenate species in groundwater.

Purpose and Objectives

Although fate and transport evaluation indicates the groundwater to sediment pathway is incomplete, PSE and
the City plan to install treatment infrastructure in conjunction with the Play Area renovation project. The purpose
of installing treatment infrastructure is to provide a subsurface injection and monitoring network that may be
used to treat arsenic detected in groundwater beneath the Play Area. Prior to installing treatment infrastructure,
investigation will be performed primarily to characterize dissolved arsenic concentrations. Treatment
infrastructure needs to be installed before completion of the Play Area renovation so that, if investigation and
treatability results indicate treatment would be beneficial, arsenic can be treated in situ without disturbing the
newly renovated Play Area.

AGENCY REVIEW DRAFT
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The work will consist of the following elements:

m Investigation.

= Priority direct push borings, grab groundwater sampling, soil sampling and analytical testing.
Investigation objectives include:

= Delineate extent of elevated dissolved arsenic concentrations beneath the Play Area (both
areal extent and depth).

= Characterize upgradient groundwater geochemistry (e.g., sulfide concentration).

= Characterize arsenic impacts at the shoreline to identify appropriate locations to monitor
potential pathway to sediment.

= Contingent direct push borings, grab groundwater sampling, soil sampling, and analytical testing.
= Hydraulic profile testing to evaluate the hydraulic parameters.

m Injection infrastructure installation. Using information obtained during the investigation, the injection
system layout will be designed to provide adequate vertical and lateral coverage of elevated dissolved
arsenic concentrations. Injection wells will be installed and associated infrastructure including piping
and an access vault will be constructed.

m  Monitoring well installation, well development and baseline groundwater sampling, Monitoring wells
will be installed to monitor the treatment system performance over time.

Field work will be performed according to methods presented in the Ecology approved 2013 Supplemental
Investigation Work Plan (GeoEngineers, 2013), approved SAP-QAPP Addendum No. 1 (GeoEngineers, 2014),
and SAP-QAPP Addendum No. 2 (Attachment 1).

Treatment Approach

As summarized in the ARD RI, the former Thylox process area is a likely source of arsenic impacts found in soil,
groundwater and sediment near this historical facility (GeoEngineers, 2016). Planned investigations and
groundwater treatment infrastructure installation are focused in this area.

The preliminary results of ongoing treatability studies for groundwater indicate that elevated arsenic
concentrations in groundwater can likely be reduced by applying iron-containing amendments that act to
decrease the soluble arsenic fraction in groundwater. The iron-containing amendments work by reducing the
groundwater pH and sulfide concentrations, which results in arsenic sequestration within the soil matrix. Two
injectable amendments, ferrous sulfate (FeS04) and ferric chloride (FeClI3), are being evaluated for direct
injection into saturated material beneath the Play Area.

Supplemental Investigation Elements

The SAP-QAPP Addendum No. 2 presents details on the proposed investigation. Priority borings will be
advanced using direct push drilling methods. Secondary, or contingent, locations may be explored to refine the
lateral and vertical extent of arsenic impacts and inform the understanding of the soil and groundwater
conditions. The proposed investigation locations are presented in Figure 1 of the SAP/QAPP Addendum No. 2.
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Groundwater samples collected will be submitted to the lab on an expedited turn-around-time and/or a mobile
lab will be used.

A Hydraulic Profiling Tool (HPT) will be used to evaluate the hydraulic parameters for the injection infrastructure.
The HPT uses two sensors: a pressure transducer to record dynamic pore pressure and an electrical conductivity
(EC) sensor to provide information on lithology. The pressure transducer measures the response of the soil to
injection of water as it is advanced through the soil column.

Treatment System Infrastructure

The SAP-QAPP Addendum No. 2 also presents details on the conceptual injection system infrastructure.
Subsurface infrastructure will be installed to facilitate potential in situ treatment of arsenic-impacted
groundwater including;

H Injection wells,

m  Conveyance piping,

m Access vault, and

m Performance monitoring wells.
The conceptual treatment layout is illustrated on Figure 2 of SAP/QAPP Addendum No. 2. The location and
spacing of treatment wells will be further evaluated based on the results of this investigation and ongoing
groundwater treatability studies.
Schedule

The supplemental Play Area explorations and treatment infrastructure construction schedule will conform to
Seattle Parks and Recreation’s (SPR’s) construction schedule. Play Area renovations are anticipated to begin
in October. As a result, Play Area investigation and infrastructure construction activities are planned to begin in
early September and be completed before SPR’s construction begins. Schedule is contingent on approval of
these proposed activities. Prompt approval is needed to allow this proposed work to be completed before Park
renovations begin.
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1.0 INTRODUCTION

This document is the second addendum to the sampling and analysis plan (SAP) and quality
assurance project plan (QAPP) for the Gas Works Park Site (GWPS) Supplemental Investigation in
Seattle, Washington. This SAP and QAPP Addendum No. 2 outlines additional sampling and testing
activities proposed for the Play Area at GWPS and proposed infrastructure construction.

Elevated concentrations of arsenic were detected in soil and groundwater samples collected from
beneath the Play Area during the 2013 supplemental upland investigation (GeoEngineers, 2013).
Information obtained during the first supplemental investigation in 2014 was used to refine the
understanding of the nature and extent of arsenic in this area. The results of the 2014 supplemental
investigation were presented in the Remedial Investigation Report (RI; GeoEngineers, 2016,
Appendix Y). Planned sampling activities, summarized in this second addendum, will supplement
existing data and previous environmental investigations.

The work described in this addendum will be conducted under the March 2013 Work Plan
(GeoEngineers, 2013) which was approved by Washington State Department of Ecology (Ecology) on
March 141, 2013. The Work Plan described an environmental investigation designed to meet the data
needs for completing the RI. Data collected in that investigation were summarized in the Agency
Review Draft Site-Wide Remedial Investigation Report (GeoEngineers, 2016).

1.1. Purpose and Approach

The additional investigation and installation of remediation infrastructure in the Play Area is
proposed at this time is to complete these activities while the Seattle Parks and Recreation (SPR)
has the Play Area closed off to the public and prior to completion of the Play Area renovation project.
SPR plans to complete the renovation project during fall/winter 2016. Collecting soil and
groundwater data prior to completing the renovation project will allow the sampling to be performed
using standard methods and without damaging Play Area features to be installed during the
renovation. The planned remediation infrastructure will allow soil and groundwater under the Play
Area to be treated using in situ methods in the future after the renovation project is complete, after
which installation of remediation infrastructure would disturb the completed Play Area features.

Results from this supplemental Play Area investigation will be used to refine the extent of arsenic-
impacted groundwater beneath the Play Area and inform the lateral and vertical placement of
injection infrastructure and monitoring wells for possible future treatment. Treatment infrastructure
needs to be installed prior to renovation as the Play Area will have limited accessibility after
renovation is completed. Investigation objectives include:

m Delineate extent of elevated dissolved arsenic concentrations beneath the Play Area to
determine treatment area and depth.

m Characterize upgradient groundwater geochemistry (e.g., sulfide concentration) to inform
the design of the injection program.

m Characterize arsenic impacts at the shoreline to design treatment system and appropriate
locations to monitor potential pathway to sediment.

GEOENGINEERS /[/ August 18,2016 | Page 1
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The Supplemental Play Area investigation will be conducted in accordance with this SAP and QAPP
Addendum No. 2. More details are provided in the 2013 SAP and QAPP, included as appendices to
the 2013 Work Plan.

1.2. Work Flow

The work will consist of the following elements.

m Priority direct push borings, grab groundwater sampling, and soil sampling

m Contingent direct push borings, grab groundwater sampling, and soil sampling

m Hydraulic profile testing to evaluate the hydraulic parameters for the injection infrastructure
m Injection infrastructure installation

® Monitoring well installation, well development and baseline groundwater sampling

Proposed direct push investigation locations are illustrated on Figure 1. A summary of the proposed
groundwater investigation is presented in Table 1. A direct push drill rig will be used to install soil
borings and temporary wells (priority and contingent locations), and injection wells. A sonic rig will be
used for installing the monitoring wells.

Priority direct push borings PAI-13 to PAI-21 will be drilled and sampled first (Table 2). Field screening
with an x-ray fluorescence (XRF) analyzer will provide real-time approximate total arsenic soil
concentrations. In each of the borings, temporary polyvinyl chloride (PVC) well screens will be set in
the Fill and/or Outwash units to allow groundwater grab sampling. Groundwater grab samples may
be field screened on site using a colorimetric test kit to estimate dissolved arsenic concentrations.
Alternatively, a mobile laboratory may be used on site to provide quick-turn around arsenic analyses.
Groundwater grab samples will also be collected and submitted to an off-site analytical laboratory
for analysis as described in Table 3.

The results obtained from the priority direct push borings will be used to evaluate whether to follow
with contingent locations. Conditions triggering contingent explorations are presented in Table 1.
Procedures for completing the contingent borings will be the same as those for priority borings. Field
screening and analysis of groundwater samples from these borings will be used to evaluate the
lateral and vertical extent of arsenic impacts in groundwater.

At least one grab groundwater sample will be collected from each priority and contingent direct push
location. At borings where Fill and Outwash groundwater samples are proposed at the same
exploration, only one boring drive will be required. Discrete groundwater samples will be collected
using dual tube system and clean single use %s-inch diameter PVC. Although the number, location,
and depths of groundwater samples will be determined during the investigation, the following
considerations are provided for planning purposes:

m It is anticipated that all of the priority borings used to evaluate the extent of arsenic in
groundwater will be completed first. Exceptions may include the following:

= Areas that are difficult to access (i.e. sand pits)—if initial results indicate additional
groundwater vertical delineation is merited, a “twin” boring may be drilled.

Page 2 | August 18,2016 | GeoEngineers, Inc.
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= |f Fill groundwater sampling is proposed and the water table is below the Fill unit, an
Outwash groundwater sample will be collected instead. Groundwater sampling will be
conducted at the base of Fill and/or Outwash units, estimated in Table 2. The well
screens will be set in either geologic unit (Fill or Outwash) and are not to overlap geologic
units.

m Anair sparging/soil vapor extraction system including a near-surface geomembrane cover is
present south of the Play Area (Figure 1). If elevated arsenic concentrations in soil or
groundwater are encountered at PAI-13 and/or PAI-22, (southern-most borings) that would
prompt contingent borings farther south. These locations will be advanced according to the
Construction Completion Report (ThermoRetec, 2001).

The results obtained from the priority and contingent direct push samples results will be used to
finalize the injection infrastructure layout and performance monitoring well locations. A conceptual
layout for these components is presented on Figure 2. Based on the direct push soil and groundwater
sample results and interpreted extent of arsenic under the Play Area, the number and locations of
the proposed injection wells will be adjusted. The new monitoring wells proposed for the Play Area
are intended to evaluate performance of future remediation using the injection wells. Therefore, the
locations for the proposed monitoring wells will be adjusted based on the final layout of the injection
wells. Baseline groundwater sampling would be conducted from the new monitoring wells and
existing wells MW-36S and MW-36D.

2.0 FIELD SAMPLING AND TESTING METHODS

This section focuses on field screening, sampling, and laboratory testing methods that are not
contained in the 2013 SAP and QAPP and 2014 Addendum No. 1 or that deviate from the methods
described therein.

2.1. Soil Investigation

Soil boring cores will be field screened for nonaqueous phase liquid (NAPL) and arsenic impacts.
Discrete soil samples will be collected for chemical analysis in accordance to Table 3. Estimated
boring depths are presented in Table 2 but are subject to change based on the observed conditions
in the field.

2.2. Groundwater Investigation

Grab groundwater samples will be collected from all direct push locations. Temporary well screens
constructed of clean %4-inch diameter PVC will be inserted into the boring. Screen intervals will be
determined in the field and will generally target either the Fill or Outwash units, estimated screen
intervals are presented in Table 2 but are subject to change based on the observed conditions in the
field. The wells will be allowed to sit for a period of time before purging using a peristaltic pump.
Low-flow purging will be conducted and field measurements will be collected using a water quality
instrument such as a Horiba U-22. Groundwater being purged will be tested for turbidity, dissolved
oxygen, pH, specific conductivity, and oxidation-reduction potential. Samples will be collected once
turbidity readings are low enough and field parameters are relatively stable. Target “low turbidity”
will be less than 5 nephelometric turbidity units (NTU), however samples may be collected if three
well volumes have been removed and parameters generally vary by less than 10 percent on three

GEOENGINEERS /[/ August 18,2016 | Page 3

File No. 0186-846-01



SAMPLING AND ANALYSIS PLAN AND QUALITY ASSURANCE PROJECT PLAN ADDENDUM NO. 2 = Gas Works Park Site
Agency Review Draft

consecutive measurements. The PVC screens will be pulled and disposed of after sampling, and the
borings will be grouted.

Groundwater chemical analysis will focus on data needed for evaluation of in situ treatment of
arsenic in the Play Area; total and dissolved arsenic and iron, sulfide, and chemical oxygen demand.

2.3. Laboratory Analytical Methods

The analytical methods to be used for sample analysis, as well as details regarding containers,
sample preservatives, and sample holding times, are listed in Table 4.

Table 5 lists the field quality control (QC) samples to be collected during this investigation. Field QC
samples will consist of equipment rinsate blanks, trip blanks, and field duplicates, and will be
documented in field reports. As discussed in the 2013 QAPP, field QC samples will be used to
evaluate the effectiveness of equipment decontamination procedures, potential cross-
contamination of samples during transport to the laboratory, reproducibility of laboratory results, and
sample heterogeneity.

2.4. Hydraulic Testing

Hydraulic profile testing will be conducted to evaluate the hydraulic parameters for the injection
infrastructure. A Hydraulic Profiling Tool (HPT) will be used. Additional hydraulic tests, such as slug
tests or soil core testing, may be performed.

The HPT provides continuous, real-time profiles of soil hydraulic properties. HPT measures estimated
lithology and estimated porosity. The HPT consists of two sensors: a sensitive downhole pressure
transducer to record dynamic pore pressure and an electrical conductivity (EC) sensor to provide
information on lithology. The pressure transducer measures the response of the soil to injection of
water as it is advanced through the soil column. The higher the pressure response on the data logs,
the lower the soil permeability; inversely, the lower the pressure response on the data logs, the higher
the soil permeability. The EC sensor provides information regarding the soil type by measuring the
EC of the soil, which provides an indication of the general soil particle size. Data output from the HPT
include EC, pressure, and flow rate. The proposed location(s) for hydraulic profiling will be determined
based on the direct push results. Appendix B presents the standard operating procedure (SOP) for
the GeoProbe HPT system.

3.0 INFRASTRUCTURE INSTALLATION

This section describes the remediation infrastructure proposed to be installed prior to the
construction of the SPR Play Area renovation project. This infrastructure will be constructed prior to
the renovation construction in a manner that will allow future treatment of arsenic impacted
groundwater without damaging Play Area facilities once constructed. The installation of the
remediation infrastructure would be completed while the Play Area is closed for construction of the
renovation project, but prior to the City initiating the construction. The infrastructure will be
permanently installed under the renovated Play Area, and will consist of injection wells and piping
and performance monitoring wells.

Page 4 | August 18,2016 | GeoEngineers, Inc.
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3.1. Injection System Details

The injection system infrastructure planned for construction prior to completion of the Play Area
renovation will consist of a series of vertical injection wells located in an elongated grid network
across the Play Area footprint. The injection wells will be completed below the anticipated final Play
Area grade and will be plumbed to individual dedicated conveyance pipes for injection. The
conveyance pipes for the wells will be trenched and plumbed to a remote vault outside the footprint
of the Play Area to allow injections to be performed from outside the renovated Play Area. The
conceptual layout of the injection wells is shown on Figure 2.

The injection wells will be permanent wells, screened across the intended vertical treatment profile,
estimated to be approximately 10-feet to 15-feet below ground surface but to be determined based
on the investigation results as described above. The injection wells will be constructed using direct-
push methods to install permanent pre-packed well casings and screens where possible. Where
proposed well locations will intercept subsurface obstructions, sonic well drilling methods will be
used. The layout of the wells shown on Figure 2 is conceptual, but representative of the estimated
spacing in the longitudinal and lateral directions relative to groundwater flow. Results from the
investigation described above will be considered and the well spacing will be adjusted as necessary.

The injection wells will be completed below the proposed final grade of the Play Area surface, without
surface completions or vaults at each well location. The well casing will be directly plumbed to a
1 inch PVC or polyethylene lateral conveyance line that will be placed in an excavated shallow trench.
The conveyance lines for multiple wells will be bundled to the extent possible to reduce trenching.
The conveyance lines will be terminated in a sub-grade utility vault located outside the Play Area
footprint, but in an accessible location to allow future access for injection. Each conveyance line will
be terminated with a shut-off valve and quick-connect fitting to allow easy connection to injection
equipment in the future.

3.2. Monitoring Wells

Four to six monitoring wells will be installed to evaluate the injection system. Exact locations and
screen intervals will be adjusted based on the results of the above investigation activities. The
objectives of the new monitoring wells are to monitor groundwater conditions within, downgradient,
and upgradient of the remediation performed at the constructed injection wells. Groundwater
monitoring wells installed within and downgradient of the area of injection wells will be used to
evaluate distribution of injected reagent as well as the results of reaction of the reagent and
reduction of arsenic. Upgradient groundwater monitoring wells will evaluate the contaminant
concentration, as well as the concentration of geochemical parameters that affect the treatment, in
groundwater entering the treatment area. Figure 2 shows the approximate areas where the wells
would be installed. Monitoring well installation will be conducted according to the 2013 SAP. The
performance well objectives are:

m Background monitoring well, upgradient of impacted zone. On either side of the concrete
platform depending on investigation results.
m Performance monitoring well, downgradient of 1st injection lateral.

m Performance monitoring well, downgradient of 2" injection lateral.
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m Performance monitoring well, downgradient of entire injection system. Upgradient of
MW-36S.

A baseline groundwater sampling event will be performed to evaluate current arsenic conditions prior
to treatment. Groundwater samples will be collected from the new monitoring wells, as well as nearby
existing monitoring wells MW-36S and MW-36D. The sampling methodology and proposed chemical
analyses for the baseline groundwater monitoring is listed in Table 1. Groundwater monitoring to be
performed following future treatments will be designed based on the selected reagents and will be
described in a separate plan outlining the details of the future in situ treatment.

4.0 REFERENCES

ThermoRetec, 2001. Construction Completion Report, Gas Works Park Site, Seattle, Washington.

GeoEngineers, Inc. 2013. Final Supplemental Investigation Work Plan, Gas Works Park Site, Seattle,
Washington.

GeoEngineers, Inc. 2014. Final Supplemental Investigation Work Plan, Gas Works Park Site, Seattle,
Washington.

GeoEngineers, Inc. March 1, 2016. Agency Review Draft Site-Wide Remedial Investigation Feasibility
Study Report, Gas Works Park Site, Seattle, Washington.
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Proposed Groundwater Investigation

Table 1

Gas Works Park Site - SAP/QAPP Addendum No. 2
Seattle, Washington

Agency Review Draft

Groundwater Sampling Objective

Exploration i 1 - . - . .
Type Exploration ID Upgradient Shoreline Lateral Extent of | Vertical Extent of Geologic Unit
Groundwater Extent Dissolved Arsenic | Dissolved Arsenic
PAI-13 X X X Outwash GW
PAI-14 X X Outwash GW
Fill GW
PAI15 X X Outwash GW
Fill GW
PAI-16 X X Outwash GW
PAI-17 X X Fill GW
Outwash GW
Fill GW
PAI-18 X X Outwash GW
Primary Fill GW
Borings PAI-19 X X (Outwash GW contingent on
PAI-17 and/or 18)
Fill GW
PAI-20 X X X (Outwash GW contingent on
PAI-18)
Fill GW
PAI-21 X X (Outwash GW contingent on
PAI-13 and/or 16)
Fill GW
PAI-22 X X (Outwash GW contingent on
PAI-13 and/or 16)
If PAI-13 or PAI-16 are Fill GW
elevated, move South of PAI-16 X X Outwash GW
and West of PAI-13
If PAI-14 is elevated, move X Fill GW
North Outwash GW
If PAI-19 is elevated, move X X Fill GW
Contingent Northwest Outwash GW
Borings If PAI-20 is elevated, move X X Fill GW
West
If contingent PAI-20 is
elevated, continue moving X X X Fill GW
West
if PAI-21 is elevated, move X X Fill GW
West Outwash GW
Notes:
1. Investigation locations are shown on Figure 1.
GW = groundwater
X = priority investigation
X = contingent investigation
File No. 0186-846-01
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Table 2

Estimated Exploration Depths
Gas Works Park Site - SAP/QAPP Addendum No. 2
Seattle, Washington

Agency Review Draft

Estimated . Estimated Estimated Estimated |Estimated Base
Proposed i Estimated .
K . Boring Surface ) Base of | Groundwater Boring of Sample
Exploration Exploration ID . Base of Fill .
Tvpe Method |Elevation (ft. (ft. USACE) Outwash Elevation Depth Interval
P USACE) ) (ft. USACE) | (ft. USACE) | (feet bgs) (feet bgs)
PAI-13 27 9 5 18 / Fill 22 22
PAI-14 29 2 -4 20 / Fill 33 33
PAI-15 30 7 -4 18 / Fill 34 34
PAI-16 30 7 -4 18 / Fill 34 34
Priority PAI-17 33 16 4 19 / Fill 29 17 and 29
Borings PAI-18 34 18 5 20 / Fill 29 16 and 29
PAI-19 30 17 2 15 /Qvr 13 13
PAI-20 30 17 2 17 /Qvr 28 13 and 28
PAI-21
PAI-22 33 20 9 21/ Fill 13 13
If PAI-13 or PAI-16 are
elevated, move Direct 33 20 9 21/ Fill 13 13
Southwest Push
If PAI-14 s elevated, 28 7 0 19 / Fill 28 21 and 28
move North
If PAI-19 is elevated,
Contingent move Northwest
Borings If PAI-20 is elevated, 30 17 9 17 JOur o8 13
move West
If contingent PAI-20 is
elevated, continue 35 21 10 25 / Fill 14 14
moving West
if PAI-21 is elevated,
move West
Notes:
1. Investigation locations are shown on Figure 1.
GW = groundwater
Qvr = Vashon Recessional Outwash
File No. 0186-846-01
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Table 3 August 18, 2016

Table 3

Proposed Analysis

Gas Works Park Site - SAP/QAPP Addendum No. 2

Seattle, Washington

Soil Groundwater
Chemical Total Chemical
. Grain Si Al i Sulfid
Exploration Oxygen Demand rain Size reenic Iron uiide Oxygen Demand
Type
PSEP 1986 Field Filtered
5220D-97 or
ASTM-Mod EPA 200.8 | SW6010 | SM 4500-S2-D 410.4
Borings X X X X X X
Monitoring Wells X X X X X X
Page 1 of 1
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Table 4

Test Methods, Sample Containers, Preservatives and Holding Times
Gas Works Park Site - SAP/QAPP Addendum No. 2
Seattle, Washington

Minimum
Sample Size Sample Containers Sample Preservatives Sample Holding Times*
Analysis Method Soil Water Soil Water Soil Water Soil Water
Arsenic Cool <6 °C, HNOs to pH < 2
EPA 200.8 (water) 180 days to digestion,
- 500 mL - 500 mL HDPE - (Dissolved metals - Y g .
) . 180 days to analysis
Total Iron SW6010 (water) preserved after filtration)

Cool <6 °C, Zinc Acetate
Ifi M 4500-S2-D - L - L HDPE - - 7
Sulfide SM 4500-S (water) 500 m 500 m and NaOH, pH > 9 days

. ) 4 oz. glass

Chemical Oxygen 410.04 (soil) . . 250 mL amber glass Cool <6 °C, H,SO,4 to pH <
50 250 mL d th with Cool <6°C 28d 28d

Demand 5220D-97 (water) g m ‘f’r'e chm?ne dWIIi 4| with Teflon-iined i ©° 2 as as

PSEP 1986 or
Grain Si 300 - 16-0z HDPE or Zipl - - -
rain Size ASTM-Mod (soil) g 0z or Ziploc

Notes:
1. Holding times are based on elapsed time from date of sample collection.
g =gram mL = milliliter
HDPE = High density polyethylene NaOH = Sodium hydroxide
HNO3 = nitric acid 0z. = ounce

H,S0, = Sulfuric acid

File No. 0186-846-01
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Table 5

Quality Control Sample Types and Minimum Frequency

Gas Works Park Site - SAP/QAPP Addendum No. 2

Seattle, Washington

Agency Review Draft

Field QC Samples Laboratory QC Samples
Equipment Rinsate Blank Spike,
Parameter Field Duplicates | Trip Blanks Blanks Method Blanks| LCS or OPR MS/MSD Lab Duplicates
Arsenic
Total | 1 20 pri
ota’ ron pe.r primary NA 1 1 per batch* 1 per batch* | 1 MS only per batch* | 1 per batch*
Sulfide soil samples

Chemical Oxygen Demand

Notes:

*An analytical batch is defined as a group of samples taken through a preparation procedure and sharing a method blank, LCS, and MS/MSD (or MS and lab duplicate). No more than 20

field samples are contained in one batch.

LCS = Laboratory control sample

MS = Matrix spike

MSD = Matrix spike duplicate

NA = Not applicable

OPR = Ongoing precision and recovery

File No. 0186-846-01
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Notes:

1. Groundwater extent from Figure 8-31 from the Agency Review Draft Site-wide
Remedial Investigation/Feasibility Study by GeoEngineers March 2016.

2. The locations of all features shown are approximate.

3. This drawing is for information purposes. It is intended to assist in showing
features discussed in an attached document. GeoEngineers, Inc. cannot
guarantee the accuracy and content of electronic files. The master file is stored
by GeoEngineers, Inc. and will serve as the official record of this
communication.

Data Source:

Existing conditions survey by Seattle Parks and Recreation November 2002
Demolition & CSC plan by Seattle Parks and Recreation March 2016

Play Equipment Layout plan by Seattle Parks and Recreation March 2016
Construction Completion Report by Thermo RETEC January 2001

Earthwork & Demolition plan by Department of Parks and Recreation July 1974

'
1
|
1
|

i i
|
1
|
i
|
I

‘ ;‘ i w’ / / ’/ r”
r” } "’ /’ / r”
! ! Y
’; | ’; " / / / /“ /
P \ 1 B
_——-— --.-. \ } i /,, / /
,4""‘ ....“-. \\\\ 1‘\ (" / / :
» ~, N ! P /
g -~ N PAI-11B)8{ A ’
IF -------------------------"-----q ~’~,~ ﬁ‘\‘ﬁPAI %‘;’ // '
* ~, | P
I o A ¥ ~~ZO |
. 1 '0 \ '- \
'o' \ N ‘\
. oad @.PAI_-17 GEl-4 Jof o
A " M
PAI-19¢ 7 N
4 1\
PAI8 B
a .
I an S A4\ 74 GWP-PA-03 /]
re=sIaz e = 4 /]
\ Ly i Ly 1 .
| 4 h oalow 4 o |
“!' i | E ] | : : | 2 1 : I f\/ b
EPA16 J8{ / N ! | I |PAI-5 o I x\
f 8 oV o(PALE S| ! | |l '
mepsefil 00 i eemstvr |
N 1 1 1 I il / \ f /
\ ! Ny ; PT-01B ] / \ : ;
N\ | - ] i a / N TR ¥
\ I - / Ay /
. PA20Q | P e rPAl 1§‘ ] - / PAI-14 o,g{PAl 13 N/
2 Iy v | A9 PAI-12 }giX PT-01 { : Do N
! Ly d 1!l | 3 I | | ] & /
= / ‘\ (I 1 ol A 1 GEI-3 \ / /
SD D: D- D SD ‘ s 1 1 11 I //1 | | I \ / /
PSS o ] [ bt mpener: wil B Wt 37 ety el
/35\‘\\\% I RV 7 2 VA ] |
N ISD(—Y”LSD\!;D‘_\SD N
~qd 5 | ——SD— g N
PAF7 J§{ GWP-PA-02)8{ | ) D%?\suis
I T : 'PAI4 jot / Lol |l
[ /PAI21Q | PA Xl o
o I 1! A 8 S —
) : /09 “ : I ! I /r B - \SD\
s I A Y ] 1 ) Ry
s i PR | " PAI-16 @ s Outfall C
awr.pao1g VR 1 | oo ¢
£ ! ol {
I ~ts_/ i "\ M i 2
—_——— ‘Q \ ‘-_'_] '
| M RIS ¢
- ----------------------J ¥ ,
= - =4
“
PAI-22¢ Z@{PAI 9 e
D/SD/‘SD\SD\SD\SD - ~~-
- - ~
gD-- o —— - = ’5
\ TTT T f” ,"j"‘*,-—v-r T\F\ \FDH y TTTTI T
A BEEN
I\ e SD~%—sp
{ s,
'\ / \\\\\ N -
T~ 7 s N
’ / —--2q
Legend
SD Existing Stormdrain ' Proposed Grab Groundwater
) . (Fill and Outwash Unit)
= == mw = Play Area Renovation Footprint
. Proposed Grab Groundwater Agency Review Draft
g‘:g;r:cfwg"tteer”(trﬁ;/’f)se”'c in q (Fill and Contingent Outwash Unit) gency
Proposed Grab Groundwater : :
N “T=T-71" Air Sparging/Soil Vapor Extraction Liner (o) (Ou?wash Unit unaw Proposed Investigation
W E N 7 Former Subgrade Tank (Concrete Rubble Contingent Grab Groundwater .
b - & ( ) (Fill and/or Outwash Unit) Gas Works Park Project
Inaccessible for Drillin .
S & Contingent Grab Groundwater Seattle, Washington
PAI-9 ﬁ{ Previous Subsurface Explorations (Outwash Unit)
20 0 20 MW-365 -€- Water Table Monitoring Wel GEOENG'NEERS / ; , Fi
igure 1
Feet MW-36D -~ Deep Monitoring Wel




P:\0\0186846\01\CAD\Task 1803 Play Area Action\Tech Memo\0186846-01_F02_Conceptual Treat System Plan.dwg TAB:FO2 Date Exported: 08/17/16 - 16:07 by cstickel

‘ ASPHALT

il

30
[ ]

| STORAGE —

| BUILDING

L Iy

= — T~

sp——sD——P

——SD— —SD

S —so—Lgp

Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing
features discussed in an attached document. GeoEngineers, Inc. cannot
guarantee the accuracy and content of electronic files. The master file is
stored by GeoEngineers, Inc. and will serve as the official record of this
communication.

Data Source:
Existing Conditions survey by Seattle Parks and Recreation November
2002. Materials Plan by Seattle Parks and Recreation March 2016
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1.0 Objective

This document serves as the standard operating procedure for the Geoprobe” Hydraulic Profiling Tool

(HPT) system. In this procedure, the HPT system is used to measure the pressure response of soil to

injected water for identifying potential flow paths and to assist with characterization of soil type.

2.1

2.2

2.0 Background
Definitions

Geoprobe *: A brand of high quality, hydraulically-powered machines that utilize both static force
and percussion to advance sampling and logging tools into the subsurface. The Geoprobe’ brand
name refers to both machines and tools manufactured by Geoprobe Systems’, Salina, Kansas.
Geoprobe” tools are used to perform soil core and soil gas sampling, groundwater sampling and
testing, electrical conductivity and contaminant logging, grouting, and materials injection.

*Geoprobe” and Geoprobe Systems’ are registered trademarks of Kejr, Inc., Salina, Kansas.

Hydraulic Profiling Tool (HPT) System: A system manufactured by Geoprobe Systems’ to evaluate
the hydraulic behavior of subsurface soil. The tool is advanced through the subsurface at a
constant rate while water is injected through a screen on the side of the probe. An in-line pressure
sensor measures the pressure response of the soil to water injection. The pressure response
identifies the relative ability of a soil to transmit water. Both pressure and flow rate are logged
versus depth.

Introduction

The HPT system has been developed by Geoprobe Systems’ for the geohydrologic characterization
of soils. The HPT probe and logging system is able to quickly provide logs that are easily
interpreted. HPT logs are used to indicate hydraulic conductivity, EC, hydrostatic profile, and areas
of EC/permeability anomalies.

The HPT system is designed to evaluate the hydraulic behavior of unconsolidated materials. As the
probe is pushed or hammered at 2cm/s, clean water is pumped through a screen on the side of the
HPT probe at a low flow rate, usually less than 300mL/min. Injection pressure, which is monitored
and plotted with depth, is an indication of the hydraulic properties of the soil. That is, a low
pressure response would indicate a relatively large grain size, and the ability to easily transmit
water. Conversely, a high HPT pressure response would indicate a relatively small grain size and
the lack of ability to transmit water.
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An electrical conductivity measurement array is built into the HPT probe. This allows the user to
collect soil electrical conductivity (EC) data for lithologic interpretation. In general, the higher the
electrical conductivity value, the smaller the grain size, and vice versa. However, other factors can
affect EC, such as mineralogy and pore water chemistry (brines, extreme pH, contaminants). In
contrast, HPT pressure response is independent of these chemical and mineralogical factors.

There are four primary components of the HPT system: the probe assembly, trunkline, HPT Flow
Controller (K6300 Series), and Field Instrument (FI6G000 series). These primary components are
shown in Figure 2.1.

The probe assembly consists of the HPT probe and connection section. This assembly houses the
downhole HPT pressure transducer, water and electrical connections, and the probe body with the
injection screen and electrical conductivity array.

Injecting water at a constant rate is integral to system operation. The HPT Flow Module houses the
pump and associated hand crank mechanism used for adjusting the output flow of the HPT pump.
The flow module also contains the HPT flow measurement and injection line pressure transducers.
HPT flow can be adjusted from approximately 50 to 500ml/min. The HPT pump is a positive
displacement pumping device with minimal decrease in flow over the HPT operating pressure
range. The flow module is equipped with an internal bypass that is factory set to open and return
flow to the supply reservoir at a pressure of 120psi. When the soil resistance to water injection
becomes sufficiently great, the HPT Flow Module bypass will open, returning some or all of the
pumped flow to the supply reservoir. The flow meter only measures flow leaving the module to
the HPT probe. The HPT Flow Module is connected to the Field Instrument via a data cable.

Water and power are transmitted from the controller to the probe assembly via the HPT trunkline.
The probe rods must be pre-strung with the trunkline before advancing the probe.

Data collection occurs in real time by connecting the controller to the field instrument. The field
instrument collects, stores and displays transducer pressure, flow rate and electrical conductivity,
line pressure, probe rate, and diagnostic parameters, with depth via the field laptop.

Since the HPT pressure response is analogous to the soil’s ability to transmit water (and therefore
the to the soil’s dominant grain size), the HPT system can be used to identify potential contaminant
migration pathways. Similarly, it can help identify zones for remedial material injection or provide
qualitative guidance on how difficult injection may be in different zones of the formation.

The HPT system may be used to direct other investigation methods, such as soil and groundwater
sampling and slug testing. HPT pressure response and EC data can help target zones of geologic
and hydraulic interest, minimizing the number of soil and groundwater samples required to
adequately develop a site conceptual model. When hydraulic conductivity values are required, the
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HPT system can also help the user identify zones to slug test, as well as the length of the screen

required to adequately test the zone.

The HPT system also can be used to collect static water pressure data at discrete intervals during
the logging process. These static pressure data can be used to calculate static water levels or to
create a hydrostatic profile for the log.

HPT Trunkline f'/f

Field Laptop ; jv

e 3
F16000 T
\‘A /
K6300
HPT Flow —T% =
1
Controller

Probe Assembly =}/

Figure 2.1: HPT Components
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3.0 Tools and Equipment

The following equipment is required to perform and record an HPT log using a Geoprobe” 66- or 78-
Series Direct Push Machine. Refer to Appendix | for identification of the specified parts.

Basic HPT System Components Quantity Material Number
Field Instrument, 120V (Model FI6000) .........ccccoveerveeennennee. L 213940
Field Instrument, 220V (Model FI6003) ........ccccccvveevveerreennee. K e 213941
HPT Acquisition SOftware .........ccceecvveeeeciieeecceee e, Sl 214128
HPT Flow Module, 120V (Model K6300) ........ccoeveerreernueeane R 214091
HPT Flow Module, 220V (Model K6303) ......ccceevveercreeerveennnen e 214093
HPT Probe, 1.750iNCh coouiiiiiiiieeceee e R 215667
MIP/HPT Connection TUDE .......coviveeeiiiieiiieeeieee e B N 206304
MIP/HPT Adapter 1.5 Pin X LB BOX ...ccvvvevveeeeveeeenreeeveeeeveeenne Sl 203794
MIP/HPT Adapter 1.75ML Pin X LB BOX .......ccvuveeveeeerereenrennns e 220966
HPT Probe, 2.250iNCh c.coiiiiiiiieeee et e e 214097
2.25 Connection TUDE ....ovvviiiiiieceeecee et e 219455
2.25 Inch Water Seal Drive Head.........ccceccveevieeeiieeeiieeeienens e 212089
2.75 Inch Water Seal Drive Head..........cceccevevieeriieeeiieeeienene e 209796
HPT Reference Tube 1.75 in HPT Probe .....cccccceevecvveeeennnenn. Sl 212689
HPT Reference Tube 2.25 in HPT Probe .....cccccceeeecvveeeennnenn. e 211762
HPT Trunkling 150 ft....cccioiiiiiiiiieeee e Sl 214095
HPT Trunkling 200 ft......c.coeiieieieieiiee e (optional) .....cccveeeveenenn. 214096
HPT Service Kit ........eeiiiiiiiiiieeee e Sl 205599
o | I =TS o o - o OO PP PSPPI Sl 206552
EC Probe TeSt Jig...ccuiee ettt R 214237
EC TESt LOAd ..eiiuiiiiiiieiiee ettt Sl 208075
EC Bypass Cable.....c.uueiieiiiieiciiie ettt e R 204025
Stringpot, 100-iNCh.....uuiiiiiee e R 214227
Stringpot Cordset, 65-feet (19.8 M) ...cccveevrveecveeiieecieeee, e 202884

*Use in place of 120V components if desired.
**Use in place of 1.75 inch probe and components if desired.

Standard Operating Procedure Hydraulic Profiling Tool (HPT)



4.0 HPT Assembly

Refer to Appendix |
Threading the Rods

e Protect the end of the trunkline to be threaded through the rods with electrical tape or shrink
tubing.

e Probe rods must alternate directions prior to threading the trunkline.

e The end of the HPT trunkline with chrome connectors is the downhole or probe end.

e The probe end of the trunkline will always enter the male end and exit the female end of the
probe rods.

e Theinstrument end (no chrome connectors) will always enter the female end and exit the male
end of the probe rods.

e After the trunkline is through the probe rods make sure the downhole end is threaded through
the male end of the drive head and connection tube prior to connecting to the probe.

e The trunkline is now ready to connect to the instrument and HPT pressure sensor and probe.

5.0 Field Operation

5.1 Instrument Setup

1. Connect the HPT Controller (K6300), Field Instrument (FI6000) and
laptop (Fig. 5.1) to an appropriate power source.

2. Connect the FI6000 to the K6300 using the 62-pin serial cable
inserted into the acquisition port of each instrument.

3. Secure the EC wires into the Green terminal block connector and
insert into the FI6000. The wires match to the EC dipoles in the
following top down order when the probe tip is on the ground —

white, black, yellow and blue (Fig 5.2).

4. Secure the HPT sensor wires to the appropriate inputs on the Figure 5.1: HPT Instrument Setup
green terminal block connector and connect to the rear of the
K6300. The top down order of the wires which is listed on the
back of the instrument is: brown, orange, red and reserved (open).
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Insert the nylon water line tubing from the trunkline into the water
output connector on the back of the K6300.

Connect the HPT water supply hose into the input port on the rear
of the K6300 and insert the filtered end of the supply line into a
water supply tank. The bypass line connects to the bypass port and
will follow the supply line back to the supply tank.

Connect the USB cable between the USB interface port on the rear

of the FI6000 to USB input on the field laptop computer. Figure 5.2: EC Wire Connections

A stringpot is required to measure depth. Bolt the stringpot onto the machine and the
stringpot onto the bracket. Connect the plastic connector end of the stringpot cable to the
“Stringpot” connector on the back of the Field Instrument and the metal connector to the
stringpot. Pull the stringpot cable and attach to the stringpot piston weight which should be
mounted to the probe machine foot and pull the keeper pin so the weight is free to move.

5.2 Starting the Software

1.

Make sure the FI6000 and K6300 are connected together with the 62 pin cable, powered on
and connected to the computer by the USB cable for the software to load properly.

Start the DI Acquisition Software which should open in HPT mode.

Select “Start New Log”. The software will request log information and have you browse for a
storage location and create and save a file name for the log (Fig. 5.3).

Select “Next”. If the software has been run before it will show a list of previous settings
including Probe Type, EC Configuration, Stringpot length, rod length and HPT Transducer. If
any of these have changed or you are unsure select “No” but if they are all the same select

yes”. If you select “No” the software will have you select the proper settings after the EC
Load Test, if you selected “Yes” the selection of these settings will be bypassed.
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¥ DI Acquisition

Fi

Start New Log [&=]
Log Information HPT Press. Max (psi) HPT Flow Max (mUmin) Degth (f)
.00 002 004 0.06 008 010 0 2 4 8 8 10
Filename: HPT Demo 1.zi - I L : L L
P Browse... EC (mSim)
Company: Geoprobe
RO {mm
Operator: DAP (mmisec)
f . Select Log Filename [
Project ID: HPT Demo P & @l‘ e ———
A . « DIlogs » HPTLogs » w 44 || Search HP o
Client: Y
Organize + MNew folder =~ @ HFT Flow (mLmin)
[ Cancel | Nex > X Favorites Documents library .. .
B Desktop HPT Logs g€ by HPT Line Press. (psi)
24 B Downloads |2 pare modified  Name Type
b 5] Recent Places Log Time
= 14 0.. NAEFCDemo Logs File folder
= A = Librarics P855 - HPT Sioux Falls, SD File folder
2 16 5 Documents i 82610H1 zip Compress
B & Music i 1¢ 10110901 zip Compress
8 ] Pictures i HPT102800-1.zip Compress
20 B8 videos - -
2 File name: | BRI RED: -
B Save astype: [Zipped Log File (‘i) -
24
2% = Hide Folders Cancel
28
i ‘ ‘ ‘ ‘ Trigger:
30 Standby
s
4

Figure 5.3: DI Acquisition Software — Start New Log Sequence

5.3 QA Testing the EC and HPT Systems

Both the EC and HPT components must be tested before and after each log. This is required to

ensure that the equipment is working properly and capable of generating good data before and

after the log.

A. Electrical Conductivity Load Test

1. Secure the EC 3 position test load connector (208075) to the test input jack on the back of

the Field Instrument.

Secure the EC Probe Test Jig into the input on the EC 3 position test load.

Clean and dry the EC dipoles as well as several inches of the probe body above the pins.

Place the EC Test Jig (214237) so that the four springs on the test jig touch the four dipoles
of the Wenner EC array (Fig. 5.4). Make sure the trunkline and test jig wires go in the

same direction. The other spring on the test jig will ground the probe body above the

Wenner array. Make sure the springs are pulled out far enough to make a solid contact on

the dipoles.

Standard Operating Procedure
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Start Mew Log

EC Load Test

Target (mS/m) Actual (mS/m) A (%) P/F
» Test1  [RE _rn |
Test 2 97.0 E
Test 3 240  un |
EC (mS/m)
0.00
Wenner Array
Hold down the
appropriate
button on test | Laptop
load before
selecting EC Test Jig
"capture”. {P/N SC563)
D WO
FIB000 - //* &
AN P
"L EC Test Load
(P/N 37785)
[ Camesl | [ <Back [ Nea> |
Figure 5.4: EC Load Test Screen

5. When you get to the EC Load Test Screen and the EC test load and test jig are in place on
the probe press down on the test 1 button on the test load and select “run” of Test 1 (Fig.
5.4). After 5 seconds the actual value will acquire and will pass if within 10% of the target
value. Continue on with Test 2 and 3.

6. If any of the EC load tests fail do not pass within the allowed 10% acceptance range you
can make adjustments on the test jig and rerun the test by just re-clicking the “run”
button for an individual test.

7. If the tests continue to fail, select “Next” and the software will conduct the “EC

Troubleshooting Tests.” The Instrument Calibration Tests (Fig. 5.5) checks of the
calibration within the FI6000. If these are far out of range it will influence the EC Test load
values and will need to return to Geoprobe® for repair. The “Probe Continuity and
Isolation Tests” confirm each of the wires is a complete circuit and is fully isolated from
one another. If a probe continuity test fails just outside the target range of <8ohms this is
typically a contact issue with the test jig and the dipoles. If the continuity is in the
thousands of ohms this is a break in the EC wire circuit — either in the probe, the trunkline

or the connection between them.
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Standard Operating Procedure

Hydraulic Profiling Tool (HPT)



Start Mew Log @
EC Troubleshooting Tests

Instrument Calibration Tests Probe Isolation Tests (< 15 kQ fails)

0 P/F kQ P/F

» 100 102 v rN [

100 O 90.6 R-W
1000 O 1037.0 R-G
R-B
Probe Continuity Tests (> 8 Q fails) W-N
Q P/F W-G
v rR [N W-B
W-W G-N
G-G G-B
B-B B-N
(After all tests have been run, double-clicking a test name will re-run that
test.)
[ cancel | [ <Back |

Figure 5.5: EC Troubleshooting Test Screen

8. When these tests are complete select next. In the next screen, the software will provide
an EC option, if one is available. The EC Load Test will only work if EC can be operated in
Wenner array meaning all of the EC wires in the continuity test pass with results <8ohms
on the individual circuits. EC can be operated and collect good data in one of the dipole
areas: top, middle or bottom dipole. If the R-R test fails but the others pass the software
will provide the option in the next screen to run either middle dipole or bottom dipole
arrays. If R-R and G-G are both an incomplete circuit then no EC array is available to run
and a new probe must be connected or the problem fixed. In the Wenner configuration it
requires 2 adjacent dipoles to operate in dipole mode. If an EC array is chosen and run in
this last manner then all of the EC information collected will be bad data.

B. HPT Reference Testing

Reference testing is done to ensure that the HPT pressure sensor is in working order and to
evaluate the condition of the HPT injection screen. The HPT reference test calculates
atmospheric pressure which is required to obtain static water level readings and to determine
the estimated K values for the log in our post log processing software the DI Viewer.

11
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Reference Test Procedure
=]
1. Connect a clean water source to the HPT 1
controller and turn on the pump. B
<— HPT Assemt
2. Allow water to flow through the system long
enough so that no air remains in the trunkline or 201 B
probe (air in the system can cause inaccurate 7pi '
flow and pressure measurements). A e 1 _n:
3. Insert the probe into the HPT reference tube and ' ,
allow the water to flow out the valve adjusting ‘
the flow rate to between 250-300ml/min (Fig. ]l ‘
5.5). Ensure that the reference tube is close to __
vertical. - java
4. With a stable pressure reading and the water Figure 5.5: HPT Reference Test Setup
flowing out of the valve select “capture” -
bottom with flow (Fig. 5.6)
5. Close the valve and allow the water to overflow the top of the tube. When the pressure
stabilizes select “capture” - top with flow.
Start New Log =
6. Shut off the water flow. When the
pressure stabilizes select “capture” filowg(miimin) AN
» Bottom 275.2 17.043
- top flow = 0. Top 276.9 17.259 Kc:apture W Fross. (o)
A m- 17.038
7. Open the valve and allow the Bm:;: o0 E:: % HPT;’%[%UM?
water to drain out. When the I 00 | 0216 | Pass [INCIVEpSeR
pressure stabilizes select “capture” BRI AT (S Teeeets W = € 10
- bottom flow = 0. = —r—

The HPT reference test reading flow = 0 is the true

Figure 5.6: HPT Reference Test Screen

test of the condition of the pressure

sensor and is the only sensor test to have a pass/fail reading on it. Ideally, the pressure
difference between the top and bottom values will be 0.22psi (1.52kPa). Typical pressure

readings of the sensor will be in the 12-15psi (83-1

12
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5.4

5.5

Running an HPT Log

. Place the rod wiper on the ground over the probing location and install the drive cushion in place

of the anvil of the probing machine.

. Place the probe tip in the center of the rod wiper, and place the slotted drive cap on top of the

HPT probe.

. Start the HPT water flow. Note: It is important that there is always water flowing when the

probe is advanced to avoid soil particles from moving through the screen and causing problems
with the pressure readings or causing a blockage behind the screen.

. Adjust the probe so that it is vertical and advance the probe until the HPT screen is at the ground

surface.

. Click the trigger button in the lower right hand corner of computer screen. (The Trigger label will

flash and the background will change from yellow to green).

. Advance the probe at a rate of 2cm/s. If necessary, feather the hammer to maintain this advance

rate.

10. Perform a dissipation test (Section 5.4) in a zone of higher permeability indicated by lower HPT

pressure.

11. After completing the log, press the trigger button again and select “Stop Log”.

12. Pull the rod string using either the rod grip pull system or a slotted pull cap. Run a post-log EC

test and HPT response test (Section 5.2).

Performing a Dissipation Test

At least one dissipation test must be performed in order to calculate the static water level and
estimated K readings from the log. Dissipation tests need to be performed below the water table
and are best in zones of high permeability where the injection pressure can dissipate off quickly
once the flow is shut off.

Stop in a zone of higher permeability which is indicated by lower HPT inject pressure.

13
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2. Switch the DI Acquisition display view from the depth screen to the time screen by pressing the
F10 key (F9 and F10 toggle between the depth and time screen of the acquisition software).

3. The screen will be grayed out which means that the data up to that point has not been saved.
Select “Start Dissipation Test” which will turn the screen from gray to a white background
indicating that you are now saving the time data.

4. Now shut the pump switch off and when the line pressure reaches zero, turn the flow valve off.

5. The HPT Pressure will begin to drop (dissipate the hydrostatic increase) and allow it to stabilize
so very little visible drop in pressure is seen. When the pressure has fully dissipated turn the
flow valve and the pump switch back on. When the flow and pressure are reestablished select
“End Dissipation test.”

6. Select F9 to return to the depth screen and advancing the tool into the ground.

Note: Performing a dissipation test in zones of higher permeability may only take 30 seconds or
so but if the HPT pressure was higher to start with it may take a long time up to several hours to
dissipate off to equilibrium. This is why targeting the most permeable zone to perform the
dissipation tests is most desirable.

14
Standard Operating Procedure Hydraulic Profiling Tool (HPT)



6.0 HPT Log and Interpretation

Depth (f)
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Figure 6.1: HPT Log file showing (left to right):

Electrical Conductivity (EC), HPT Injection Pressure with Hydrostatic Profile, HPT Flow, and Estimated K
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A typical HPT log is shown in figure 6.1, which consists of both the HPT pressure response and
electrical conductivity. In general, both HPT pressure and EC values increase with decreasing grain
size, and decrease with increasing grain size. The log in Figure 6.1 shows good consistency
between EC and HPT pressure for the majority of the log. It is only between 32’-42’bgs that we see
some divergence of the graphs with higher HPT pressure while the EC readings remained low. This
can happen for reasons such as poor mineralogy of the soil. Refusal was encountered in a shale
layer beginning at 75’bgs and it can be noted that as we enter this layer the HPT flow gets
suppressed as the pressure reaches a maximum value of 100psi (690kPa). The second graph of the
log shows the hydrostatic profile on the secondary series of the graph. The hydrostatic profile has
2 black triangles which indicate where dissipation tests were run and used to calculate the profile.
The red circle indicates the calculated water table based upon where the hydrostatic profile
intersects atmospheric pressure. The fourth graph is the estimate K or groundwater flow graph.
This is calculated based upon HPT pressure and HPT flow relationships. Less permeable soil will
have less groundwater flow.

It is fairly common to see zones where EC readings and HPT pressure contradict one another. In
cases where EC readings are low and HPT pressure trends higher as in the log in Figure 6.1 the
following are possible reasons:
e Poor mineralogy of the soil particles resulting in silt and clay soils with very low EC
readings. This is seen in many locations along the east coast of the United States.
e Silts intermixed with sand particles.
e Weathered bedrock may have low EC but would have low permeability.

Where we have cases of higher EC and lower HPT pressure typically is due to an ionic influence in
the soil or groundwater. These higher EC readings can range from very slight to higher than typical
soil readings. Very high EC readings can occur when the probe contacts metallic objects in the soil
which will ground them out and typically will cause hard sharp spikes in the EC data.

e Chloride or other ionic contaminant (sea water, injection materials)

e Sea Water intrusion

e Wire, metal objects or Slag

In cases where HPT and EC do not confirm one another it is important to take confirmation soil
and/or groundwater samples to help understand the difference between the two graphs.
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7.0 Troubleshooting

7.1 Using the HPT Controller Test Load

The HPT Controller Test Load (206552) is included with the HPT Controller to heIp troubleshoot the
HPT pressure sensor, trunkline, and controller. If thereis a ' )
major problem with the HPT pressure sensor or the system
wiring the system will not read anywhere close to
atmospheric pressure with the probe at the surface.
Commonly if the HPT sensor has broken the software will
read either a maximum or minimum value which would be
100psi or Opsi (690kPa or OkPa). If there is damaged wiring
or nothing is connected to the controller the system
typically reads 50psi (345kPa). Figure 7.1: HPT Test Load (206552)

To use the test load, set up the system as previously described. Turn on both the field instrument
and HPT controller and start the HPT software. Plug the green wire connector of the test load into
the HPT sensor connector on the back of the HPT controller. If the pressure sensor value reads
between 25-35psi (172 — 241kPa) the controller is able to properly read pressures so the problem is
in the trunkline or the HPT sensor. If HPT controller has not moved from what it was reading or is
way out from the expected value of the load test the HPT controller may require servicing. Contact
Geoprobe Systems' for service.

Next, connect the HPT sensor wires of the trunkline to the controller with the green connector and
then connect the chrome connector side of the test load to the female chrome connector on the
downhole end of the trunkline in place of the pressure sensor. Again, the pressure value displayed
on the field instrument should read between 25-35psi (172 — 241kPa) and should be the same as
what was seen with the load test connected into the controller. If the load test read the expect
value 25-35psi (172 — 241kPa) at both locations then both the trunkline and the controller are
working properly and the problem is in the HPT sensor. If the test load read the expected value at
the controller but not at the end of the trunkline, the trunkline may be defective and should be
replaced. Before restringing another HPT trunkline, first connect the new trunkline sensor wires
into the HPT controller and the downhole end into the test load. If the system now reads in the
expected test load range the original trunkline needs replacing.

Finally, connect the pressure sensor to the trunkline. If it reads atmospheric pressure,
approximately 12-15psi (83-104kPa), then the pressure transducer is functioning properly.
However, if it does not, replace the sensor with a new one and re-check the pressure reading. Be
sure to enter the new sensor calibration values into the software prior to starting the new log.
Additional pressure sensors may be purchased from Geoprobe”.
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7.2

Common Problems

Problem: The pressure transducer is connected to the trunkline, but the software is reporting a
reading of ~ 50psi (345kPa).

Solution: Make sure all trunkline wires are secured to the green terminal blocks and plugged in to
the back of the HPT controller and sensor chrome connectors are secure. Check components using
the HPT Controller Test Load (Section 7.1).

Problem: The pressure transducer is connected to the trunkline, but the software is reporting a
reading of 100psi or Opsi (690kPa or OkPa).

Solution: Make sure all of the connections are good and recheck the pressure reading. If still bad
connect a new HPT pressure sensor onto the trunkline and see if it reads atmospheric pressure. If
not check all the components using the HPT Controller Test Load (Section 7.1).

Problem: The pressure with flow values keep drifting when water is flowing out the port or over
the top of the reference tube.

Solution 1: If the trunkline was just connected and flow was just started air may still be in the
lines. Allow the water to continue to flow through system which will purge out the remaining air.
When it appears that most of the air is out of the lines press your thumb over the injection screen
for a few seconds to help drive out any remaining air from the trunkline.

Solution 2: There may be debris behind the screen. Remove the HPT screen with the membrane
wrench and turn the water flow on, use a small screwdriver to scrap out any debris in the screen
socket as well as any that might be behind the screen. Replace the screen and retry the reference
test with flow.

Solution 3: If the with flow pressure values continue to not settle down and provide close to the
expected difference for a 6” water column then the problem may be inside the HPT control box.
When you remove the cover of the HPT controller there will be a brass filter located on the left side

when viewing from the front of
the instrument (Fig 7.2).
Particulates and precipitates can
collect inside this filter causing
problems with HPT pressure
stability. Remove this filter and

open up using appropriate
wrenches. The filter can be easily
cleaned by rinsing water

over the screen. Reassemble and
return to its proper location inside
the control box. Resume
reference testing the system.

Figure 7.2: Location of Inline Filter in K6300 and

buildup of particulates in filter.
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Problem: Atmospheric pressure values are way off from normal (12-15psi (83-104kPa)) after
installing a new HPT sensor.

Solution: Check the calibration values that were entered into the software to ensure that they are
correct.

Problem: Winterizing the HPT system for subfreezing work or air transport.

Solution: Pump RV antifreeze through the HPT pump and bypass pathway which can be done by
blocking off the inject line. The trunkline can either be purge free of water by the pump or with an
air compressor. NOTE: Never purge the HPT Controller of water using an air compressor this will
damage sensor components in the controller.

Problem: HPT flow sensor reading Oml/min

Solution: If the flow sensor reads 0 or some other stabile number that does not correspond to
actual water flow out the controller likely the flow sensor has been damaged. The flow sensor is
very susceptible to damage from freezing. To repair the HPT flow sensor contact Geoprobe-DI
technical support.

Problem: EC won't pass the QA tests.

Solution: Check the trunkline to probe EC connections ensuring they are tight. Run the
troubleshooting tests (Section 5.3A), test EC on a new probe. If multiple probes and trunklines do
not pass EC isolate the FI6000 instrument using the EC bypass cable (204025). The bypass cable is a
six inch long cable that connects between the Test input and the EC probe connections on the back
of the FI6000. Once connected start an EC or HPT log and fail the EC test load tests on purpose and
run the EC troubleshooting tests (Figure 5.5). If the EC calibration or the EC continuity readings fail
there could be an issue in the FI6000. In this case contact Geoprobe-DI technical support. If all of
the troubleshooting tests pass then the problem is not in the instrument but in the trunkline, probe
or their connections.

19
Standard Operating Procedure Hydraulic Profiling Tool (HPT)



APPENDIX |

HPT Tool Configurations

HPT — K6050 (1.5in/ 1.75 in. system)

'm _Terminal Block 4 Pos Green
HPT Trunkline MIP/HPT Adapter | 1! “101465
214095, 150 ft 1.5in. Pin LB Box
214096, 200 ft. T 03798
Drive Head
1.75in.x LB Box
220966
Band Clamp #7 (PK10) S Trunkline Seal Spacer (1 Pair)
220976 207596
Coupling 1/8 in. to 1/8 in. ’ v HPT Trunkline Seal, Orange
107963 H 207772
HPT Sensor L,
210091  MIP/HPT Connection Tube
206304
»w
100353
HPT Screen Asm.
205558
HPT Probe
—
215667
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HPT — K8050 (2.25 in. system)

2.25in. Drive Head Water
Seal HD 2.75in. 0D

HPT Trunkline
214095, 150 ft.
214096, 200 ft.

Band Clamp #7 (PK 10)
220976 N

Coupling 1/8 in.to 1/8 in.
107963

HPT Sensor
-t
210091

2.25in. HPT Probe E
214097

Standard Operating Procedure

" 1‘ Terminal Block 4 Pos Green
' 101465

2.25 in. Drive Head Water
Seal HD 2.25in.0D
Optional

212089

209796

Trunkline Seal Spacer (1 Pair)
" 207596

*~._ HPT Trunkline Seal, Orange
207772

™. 2.25 in. Connection Tube Standard
219455

0-Rin

102664
HPT Screen
205558
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1.0 SUMMARY

The primary objective of the Play Area Groundwater Treatment Interim Action (Treatment Interim Action)
described in this Work Plan is to reduce dissolved phase arsenic concentrations in the subsurface, below
the Play Area. The Treatment Interim Action complements an interim action completed in June 2017 that
consisted of the installation of remediation infrastructure within the Play Area. The Treatment Interim Action
is expected to begin in Fall 2017, prior to construction of the Play Area renovation project.

A geochemical evaluation conducted on Play Area soil and groundwater found that elevated concentrations
of arsenic in subsurface groundwater are related to local geochemical conditions. The general approach
for the Treatment Interim Action is to inject treatment reagent—a dilute solution of ferrous sulfate—into the
remediation infrastructure, consisting of multiple injection wells screened across the fill and outwash
groundwater units. The injected reagent will react with groundwater and modify geochemical conditions to
reduce dissolved arsenic concentrations and sequester arsenic in a solid phase.

The Treatment Interim Action will consist of pre-treatment confirmation of baseline conditions, reagent
injection, performance monitoring, and post-treatment confirmation monitoring. The baseline sampling
event will be used to evaluate pre-treatment Play Area groundwater conditions and refine treatment
parameters. Reagent injection will be performed by a qualified remediation contractor using common
reagent injection pumps, tanks, and mixing equipment during a one to two-week period.

Performance monitoring for the Treatment Interim Action will include short-term and treatment monitoring.
Short-term monitoring will monitor hydraulic and chemical effects of reagent injection for a 2-week period.
Treatment monitoring will evaluate the effectiveness of the injected reagent at reducing dissolved arsenic
concentrations at approximately one month following completion of reagent injection. The treatment
performance monitoring will include analysis of groundwater samples for arsenic to directly evaluate
treatment performance, as well as analysis of iron, sulfate, and sulfide to evaluate distribution of reagent.

Confirmation monitoring will be performed following the completion of all interim action treatment to
evaluate the overall performance of the Treatment Interim Action and to characterize post-treatment
conditions.

2.0 INTRODUCTION

This Play Area Groundwater Treatment Interim Action Work Plan (Work Plan) outlines the proposed
completion of groundwater treatment interim action in the Play Area of the Gas Works Park Site for the
purpose of reducing the mobility of arsenic present in upland groundwater in the Play Area. The purpose of
this work plan is to provide details of the proposed groundwater treatment. The work described in this Work
Plan will be conducted under the March 18, 2005, Agreed Order DE 2008 between Puget Sound Energy
(PSE), the City of Seattle (City), and the Washington State Department of Ecology (Ecology) for the Gas
Works Park Sediment Site modified in 2013 to expand the area of investigation to include the upland. The
2005 Agreed Order was amended (second amendment) in March 2017 to authorize installation of the
groundwater treatment infrastructure and groundwater monitoring wells that will be used to complete
the Interim Action described in this Work Plan. This Work Plan describes the completed installation of
the treatment infrastructure and the planned in-situ treatment using the installed infrastructure for the
treatment of arsenic in groundwater in the vicinity of the Play Area.
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2.1. Site Background

Gas Works Park is a twenty-acre park located at 1801 North Northlake Way (Figure 1) mostly owned and
operated by Seattle Parks and Recreation (SPR). Gas Works Park is bounded by Lake Union to the south
and east, Seattle Harbor Patrol to the west, and North Northlake Way to the north. The Play Area is in the
eastern portion of the Park, along the shoreline of Lake Union (Figure 2).

Gas Works Park is located on the site of a former manufactured gas plant, and more specifically the Play
Area is located in an area where hydrogen sulfide was removed from the manufactured gas stream using
the Thylox process. The Thylox process used a sodium thioarsenate solution to remove hydrogen sulfide
from the manufactured gas. The hydrogen sulfide captured in the Thylox process was recovered as
elemental sulfur during regeneration of the Thylox solution by aeration in a slurry-settling tank. The
detection of elevated arsenic in soil and groundwater in this area likely reflects past releases of Thylox
solutions, probably from leaks and accidental spills at the tower vessel, piping, slurry-settling tank, Kelly
filter, and/or during loading and unloading of trucks.

2.2. Play Area Arsenic Conditions

In 2013, Agreed Order DE 2008 was amended to include upland properties in the area of investigation in
order to evaluate the upland to sediment pathway. In March 2013, Ecology approved the Supplemental
Investigation Work Plan (GeoEngineers, 2013), which outlined the scope of additional soil and groundwater
sampling to characterize potential arsenic sources in the Play Area, in addition to other site-wide
investigation activities. During the supplemental investigation (Sl), elevated concentrations of arsenic were
measured in soil and groundwater samples collected from the vicinity of the Play Area and eastern
shoreline. In response to these findings, the 2014 Play Area investigation (PAl) was conducted to evaluate
the nature and extent of arsenic in soil and groundwater, arsenic groundwater geochemistry and arsenic
leaching from soil to groundwater. The PAI, conducted in Winter 2014, obtained further data to evaluate
the vertical and lateral extent of arsenic impacted soil and groundwater, including characterization
sampling through arsenic speciation. The PAIl included a geochemical evaluation of site soil and
groundwater to understand arsenic leachability (or conversely, arsenic sequestration) through sequential
extraction testing and characterization of arsenic species (Anchor QEA, 2015).

In 2016 Play Area Supplemental Investigation was performed to evaluate the vertical and lateral extent of
dissolved arsenic impacts in the vicinity of the Play Area to inform the lateral and vertical placement of
injection infrastructure and monitoring wells for treatment and performance monitoring. In addition to the
characterization of arsenic in soil and groundwater, the 2016 Sl included the completion of several
hydraulic profile tool tests to estimate hydraulic conductivity of soil within the estimated Interim Action
treatment area. The hydraulic conductivity test results were used to estimate the groundwater flow behavior
within the Play Area and expected response to injected reagent.

Arsenic-impacted soil and groundwater had been identified in the vicinity of the former Thylox process area
during the 2013 SI. The highest concentrations of arsenic encountered in the Play Area are located within
the fill unit at the approximate depth of the water table and below the limits of soil excavation conducted
in the 1970s (GeoEngineers, 2016). The results of the 2014 PAI, including the geochemical evaluation, are
included with the Play Area 2016 Supplemental Investigation Data Report, submitted to Ecology in August
2017 (GeoEngineers, 2017).
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Figure 3 presents the dissolved arsenic concentrations in groundwater samples collected within the shallow
fill soil unit. Dissolved arsenic concentrations detected in fill groundwater samples collected during the
2016 Sl ranged from 140 micrograms per liter (ug/L) to 10,500 pg/L. Figure 4 presents the dissolved
arsenic concentrations in deeper outwash groundwater samples. Dissolved arsenic concentrations
detected in outwash groundwater samples collected during the 2016 Sl ranged from 39 ug/L to
23,400 pg/L. The geochemical evaluation found that elevated concentrations of arsenic in soil reflect
precipitation of arsenic sulfides within the soil matrix and elevated arsenic concentrations in groundwater
are related to local geochemical conditions that stabilize thioarsenate species in groundwater. Additional
details of the groundwater sample analyses are presented in the Play Area 2016 Supplemental
Investigation Data Report (GeoEngineers, 2017).

2.3. Interim Action Objectives

The primary objective of the Interim Action is to reduce dissolved phase arsenic concentrations in the
vicinity of the Play Area by implementing in-situ treatment methods. Infrastructure for the Interim Action
was installed prior to the planned Play Area renovation project. After Play Area renovation, access to treat
groundwater beneath the Play Area will be limited to existing wells. This Interim Action is planned to be
completed as ongoing remedial investigation and feasibility study (RI/FS) activities continue. Additional
action for the groundwater to sediment pathway may be conducted following determination of the final
cleanup action.

3.0 INTERIM ACTION APPROACH

The Interim Action will implement an in-situ arsenic treatment technology that was determined through
treatability testing to be an effective method of reducing dissolved concentrations of arsenic in Play Area
groundwater. The proposed approach for the Interim Action involves the use of injectable treatment reagent
solutions to react in-situ within zones of elevated dissolved arsenic, resulting in conditions that promote
the precipitation and adsorption of dissolved arsenic. Results of treatability testing for groundwater indicate
that elevated arsenic concentrations in groundwater can likely be reduced by applying iron-containing
amendments that act to decrease the soluble arsenic fraction in groundwater. The iron-containing
amendments work by reducing the groundwater pH and sulfide concentrations, which results in arsenic
sequestration within the soil matrix. Treatability testing indicates that a dilute solution of ferrous sulfate
(FeS04) is compatible with site conditions and is capable of significant reduction of dissolved arsenic in
groundwater. Appendix A presents the results of the treatability testing and recommendations for
implementation of in-situ treatment of arsenic in groundwater.

The Interim Action approach also involves the ability to perform the selected treatment under the Play Area
without interfering with the activities at the Play Area or damaging the new Play Area surface, liner, and
drain system after completion of the renovation project. An injection well network consisting of permanent,
vertical injection wells designed to deliver reagent to the selected treatment zone was designed and
installed during Spring 2017. Construction as-built drawings for the injection well network are included in
Appendix B. Injection wells were installed across the footprint of the Play Area, completed below grade, and
piped to vaults to allow injection from outside the Play Area. This approach will allow delivery of reagent to
injection wells within the Play Area while avoiding above-ground infrastructure and disruption to park users.
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3.1. Interim Action Treatment Infrastructure Approach and Layout

The infrastructure installed to facilitate the in-situ treatment Interim Action was designed to accommodate
the planned construction and future configuration of the Play Area and to best distribute injected reagent
into the targeted groundwater zones. Vertically oriented injection wells were selected to mitigate the effect
of lateral heterogeneities on uniform distribution of reagent and deliver reagent to lower hydraulic
conductivity areas, albeit at lower flow rates.

The injection infrastructure consists of shallow injection wells screened in the lower saturated portion of
the fill unit and deep injection wells screened in outwash. The layout of the reagent injection system was
based on the results of analysis of groundwater chemistry data, Hydraulic Profiling Tool (HPT) data, and
geology observed at Play Area soil borings. The injection well system is two-layered consisting of 22 injection
wells screened in the fill unit and 13 injection wells screened in the outwash unit. The layout of the injection
wells within the Play Area is based on the distribution of dissolved arsenic plumes in the fill and outwash
units, understanding of groundwater flow patterns based on geologic and hydrogeologic data, and the
practicality of installing wells in an area with many above-ground and subsurface obstructions. Injection
wells were laid out in rows with individual wells generally spaced 20 feet on center in the cross-gradient
direction (north to south). The injection rows were generally spaced 30 feet apart. The injection wells are
connected below grade to conveyance piping trenched to utility vaults located outside the Play Area
footprint to allow injection from outside the Play Area after the Play Area renovation is complete. Figures 5
and 6 present the layout of the completed injection well system.

The treatment area was selected primarily based on the extent of dissolved arsenic in either the fill
groundwater and outwash groundwater. The selected fill groundwater treatment area corresponds with the
areas of fill groundwater with dissolved arsenic above approximately 1,000 ug/L within and south of the
Play Area renovation footprint (Figure 3). The selected outwash groundwater treatment area corresponds
with the area of outwash groundwater with dissolved arsenic concentrations above approximately
1,000 ug/L beneath and southwest of the Play Area renovation footprint (Figure 4). Additional outwash
injection wells (Figure 6, injection wells C11 and C12) were installed outside the 1,000 ug/L footprint
presented on Figure 4, in the area upgradient of well MW-36D—an outwash well where the highest arsenic
concentrations in the vicinity of the Play Area have been observed. The treatment areas include the majority
of the accessible Play Area footprint for fill groundwater, plus approximately the eastern (downgradient)
half of the Play Area for outwash groundwater.

The area between the Play Area and the shoreline of Lake Union was not selected for treatment during the
Interim Action. The area between the Play Area and the shoreline is outside of the footprint of the current
Play Area renovation project. In addition, maintaining this buffer between the groundwater treatment area
and the shoreline allows monitoring of downgradient treatment performance and potential movement of
unreacted reagent toward Lake Union.

The vertical extent of treatment is based on the same groundwater arsenic results used to select the areal
extent of treatment, with additional considerations for the vertical extent of groundwater within the
proposed treatment areas and subsurface obstructions within the fill zone. Fill groundwater is generally
proposed to be treated from the seasonal high water table down to either the underlying silt unit or, in areas
where the silt unit is not present, the top of the outwash unit. Treatment thickness in the fill unit ranges
from less than 3 feet (west) to 10 feet (east). Outwash groundwater is proposed to be treated across the
full vertical extent of outwash soil within the aerial extent described above to the extent practicable.
Treatment thickness in the outwash unit ranges from 6.5 feet to 12 feet.
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3.2. Interim Action Treatment Approach

The general approach for the Interim Action is to inject a treatment reagent—a dilute solution of ferrous
sulfate—into the injection wells screened across the fill and outwash groundwater units to neutralize the
alkaline pH of groundwater and provide excess dissolved iron to induce precipitation and adsorption of
dissolved arsenic and reduce the potential for groundwater within the Play Area to act as a source of arsenic
to Lake Union. The reagent solution will be injected at low flow rates and low pressures at multiple injection
wells simultaneously. Reagent will be injected at the fill and outwash treatment wells installed during the
infrastructure installation, shown on Figures 5 and 6. The injection vaults installed outside the Play Area
footprint, where piping connected to each injection well is terminated, will allow connection to individual
injection wells separately or inject into several wells at once using an injection manifold.

Completion of the Interim Action treatment will consist of pre-treatment confirmation of baseline conditions,
reagent injection, performance monitoring, and post-treatment confirmation monitoring. Pre-treatment
baseline sampling will be completed prior to initiation of the treatment to provide data to characterize
groundwater conditions prior to initiating treatment, primarily dissolved arsenic concentrations, as well as
other factors that may affect treatment such as sulfide concentration and pH. Unexpected conditions
observed during baseline sampling may result in minor alteration of treatment procedures.

Testing data collected during development of the injection wells suggests that the expected injection flow
rates and required pressures will vary significantly across the expected fill and outwash groundwater
treatment areas. Drawdown testing of fill unit injection wells in the A and B lines indicated significantly
lower conductivity than the fill unit C and D wells reflecting the highly granular soil matrix present in the fill
zone in the downgradient (eastern) portion of the Play Area. The deeper outwash injection wells are also
expected to receive injected reagent at a low flower rate due to the lower conductivity of the outwash soil
relative to downgradient fill soil. Injection well flow and pressure conditions will be tested at the beginning
of injection. The injection testing will be conducted by injecting reagent solution at several individual wells
representative of the various conditions observed during installation of the injection wells and will consist
of gradually increasing the injection pressure to achieve a consistent flow.

The Interim Action treatment will consist of performing the reagent injection using the injection parameters
determined during the injection testing phase. Based on the testing, and the capacity of the injection
system, injection will be performed simultaneously at multiple wells with similar characteristics
(e.g., upgradient, low flow fill wells) to maximize the efficiency of the injection process. Based on the results
of the performance monitoring, additional treatment phases may be performed. If necessary, additional
treatment would be expected to be performed using the same general procedures of the first treatment
event.

3.3. Interim Action Monitoring Approach

Monitoring performed for the Interim Action will generally follow the Model Toxics Control Act (MTCA)
requirements outlined in Washington Administrative Code (WAC) 173-340-410 for compliance monitoring
to be completed during cleanup action or interim actions. Compliance monitoring, as described in MTCA,
includes protection, performance, and confirmation monitoring. Protection monitoring is primarily
associated with worker health and safety during construction and operation activities and will be addressed
in a Health and Safety Plan developed separate from this Work Plan. The majority of the monitoring
performed during the Interim Action is considered performance monitoring. Performance monitoring is used
to evaluate the performance of the action during remedy implementation, and includes quality control
measurements and short-term monitoring of treatment effectiveness. Confirmation monitoring is long-term
monitoring used to evaluate continued or sustained achievement of remediation goals by the interim action.
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A monitoring well network was developed and installed during Spring 2017 as a component of the injection
infrastructure installation to allow sampling to evaluate the performance of the in-situ treatment. The
infrastructure installation included 15 new monitoring wells to supplement the two existing monitoring wells
(MW-36S and MW-36D) providing a 17-well monitoring network. The monitoring well network is presented
on Figures 5 and 6, with the fill and outwash dissolved arsenic extent, respectively. The rationale for each
monitoring well is presented in Table 1. The monitoring well network documented in the December 19,
2016 memorandum titled “Gas Works Park Site, Play Area Injection Infrastructure Groundwater Monitoring
Well Network” (GeoEngineers, 2017b) was approved by Ecology. The monitoring network consists of:

m Nine performance monitoring wells located within the expected area of influence of the in-situ
treatment (six wells screened in the fill unit and three wells screened in the outwash unit),

m Two upgradient monitoring wells (one well screened in the fill unit and one well screened in the outwash
unit), and

m Six downgradient monitoring wells near the shoreline (two wells screened in the fill unit and four wells
screened in the outwash unit).

The Interim Action performance monitoring approach consists of performing short-term injection monitoring
and post-treatment performance monitoring. Confirmation monitoring completed at a later date will
evaluate the long-term results of the Interim Action.

Short-term injection performance monitoring is intended to evaluate the conditions during reagent
injection, including injection flow conditions and conditions at monitoring wells near the injection wells.
Injection well flow conditions (pressure and flow rate) will be monitored during injection to evaluate
hydraulic properties of the area surrounding the injection well. The effect of reagent injection on nearby
groundwater elevation and chemistry and will be measured at monitoring wells near the active injection
wells during and for a short period immediately following injection to evaluate the immediate influence of
reagent injection at various distances away from the injection wells.

Performance monitoring will be conducted following completion of a complete injection event across the
monitoring well network to evaluate the performance of the treatment process. Performance monitoring
will include sampling of shoreline monitoring wells included in the monitoring well network that are
expected to be beyond the limits of treatment effectiveness. These shoreline wells will be monitored to
evaluate the potential for downgradient effects of injected reagent as well as the potential for reduction of
arsenic concentrations beyond the expected treatment area. Post-injection performance monitoring results
will be compared to results observed during baseline sampling to evaluate treatment performance.

Confirmation monitoring will be conducted several months after completing the Interim Action treatment to
evaluate the sustained performance of the treatment. Confirmation monitoring will include sampling of
monitoring wells within and immediately downgradient of the treatment area and results will be compared
to post-treatment performance sampling to determine the long-term behavior of arsenic in groundwater
after treatment.

Further details of the Interim Action monitoring are presented in Section 6.
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4.0 TREATMENT TECHNOLOGY BACKGROUND

This section describes the general conditions of dissolved arsenic at the Play Area, the results of the
treatability testing to select an effective treatment technology, and application of the selected technology
to conditions present at the Play Area.

4.1. Treatment Technology Selection

Treatability testing was performed during 2016 to evaluate potential reduction of Play Area dissolved
arsenic concentrations using in-situ treatment methods. The treatment methods that were evaluated
primarily rely on the interaction between iron and arsenic and the ability of iron to remove dissolved arsenic
from groundwater through precipitation of dissolved arsenic as well as adsorption of dissolved arsenic. The
procedures and results of the treatability testing are presented in Appendix A. The treatment mechanisms
for iron-based arsenic treatment that were evaluated in the treatability testing include:

m Reaction of ferrous iron with dissolved sulfide to form an iron sulfide. This mechanism reduces sulfide
concentrations, thus reducing arsenic solubility, and creates an iron precipitate capable of adsorption
of dissolved arsenic.

m Neutralization of alkaline pH by injecting slightly acidic (ferrous sulfate) to moderately acidic (ferric
chloride) solutions, which results in slightly acidic conditions conducive to precipitation of arsenic.

m Adsorption of dissolved arsenic on iron oxides formed by the precipitation of iron in injected reagent
and present on corroding solid iron amendments. Solid iron amendments (i.e., zero-valent iron) were
evaluated for application outside the Play Area and were not considered for this Interim Action.

During the treatability study, the performance of two (2) injectable liquid reagents (ferrous sulfate and ferric
chloride) and two (2) solid reagents (zero-valent iron and siderite) were evaluated. The Play Area Interim
Action is designed around the use of a liquid reagent that can be injected using injection wells. Ferric
chloride and ferrous sulfate were both determined to be successful at reducing dissolved arsenic
concentrations in bench tests. However, ferrous sulfate was observed to more strongly sequester arsenic
in the solid phase following treatment (i.e., a larger percentage of arsenic was present in more stable forms
as a result of ferrous sulfate treatment, relative to ferric chloride treatment). Ferrous sulfate is also
expected to result in moderately increased acidity (reduced pH) during treatment relative to the strongly
acidic ferric chloride. The result of the ferric chloride reaction appeared to be too acidic, resulting in reduced
effectiveness relative to the mildly-acidic to neutral conditions from ferrous sulfate reactions. The
treatability study (Appendix A) also determined that ferrous sulfate was capable of breaking down the
thioarsenate form of arsenic prevalent in Play Area groundwater to more treatable forms of arsenic.
Therefore, ferrous sulfate was identified as the preferred liquid reagent for arsenic treatment at the Play
Area based on reduction in dissolved arsenic concentrations during the bench-scale test, less potential for
arsenic re-dissolution to groundwater, and resultant geochemical conditions most similar to existing
groundwater on site.

4.2. Treatment Technology Application

The selected treatment technology consists of injecting a solution containing the selected reagent into
groundwater targeted for treatment. The reagent solution is injected across the treatment area at locations
designed to achieve sufficient distribution of reagent, in this case using dedicated injection wells screened
across the treatment zone. Figure 7 presents a conceptual schematic cross section of the Play Area
groundwater treatment performed by injecting ferrous sulfate solution into injection wells installed under
the Play Area.
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The treatability testing performed to support Interim Action planning (Appendix A) evaluated reagent
concentrations that considered arsenic and sulfide concentrations, as well as the groundwater pH. The
treatability test evaluated arsenic reduction performance for multiple reagent concentrations, and the
results of this evaluation were used to develop an in-situ concentration of the chosen reagent that would
be expected to achieve similar results for the Interim Action. The resulting concentration of ferrous sulfate
reagent determined to be effective under the conditions present within the Interim Action treatment area
was determined to be 1 gram per liter (g/L), measured as the commonly available heptahydrate form of
ferrous sulfate.

In order to achieve the 1 g/L in-situ reagent concentration goall in the treatment area, a higher
concentration solution of ferrous sulfate heptahydrate is injected into the existing injection wells, up to a
5 percent (50 g/L) solution. Injection of a higher solution concentration (e.g., 50:1 ratio of injected solution
concentration to in-situ reagent concentration goal) accounts for mixing of injected solution with
groundwater surrounding the injection well and the reactivity of the reagent. Upon injection, the reagent
solution will mix with groundwater and react, resulting in a slightly acidic to neutral pH (i.e., 6 to 6.5), as
determined during treatability testing (Appendix A). The direct effects of the injected ferrous sulfate solution
(reduced pH and elevated dissolved iron and sulfate concentrations) are expected to be limited to the
immediate vicinity of the injection wells (i.e., the treatment zone—see Figure 7). The monitoring well network
described in Sections 3.3 and 6.0 will allow monitoring of downgradient effects, the results of which will be
used to evaluate performance (reagent distribution and treatment).

The arsenic treatment using ferrous sulfate solution relies on the reagent being an acidic solution, designed
to neutralize the alkaline conditions in Play Area groundwater to facilitate arsenic precipitation. This
requires equipment to be compatible with acidic solutions. A health and safety plan that addresses reagent
hazards will be prepared for worker and park user safety prior to performing reagent injection.

5.0 INTERIM ACTION IMPLEMENTATION

The specific tasks associated with completion of the Interim Action at the Play Area are described in this
section and include the following activities:

m Regulatory Approval

m Site preparation;

m Injection system setup; and,

B Reagent injection.

1The 1 g/L is the concentration of ferrous sulfate heptahydrate reagent needed to achieve a stoichiometric ratio of %2:1 based on dissolved arsenic,
sulfide, and pH conditions in groundwater in the treatment area calculated using the equation developed by Anchor QEA (2017) during treatability
testing. Treatability testing determined a reagent stoichiometric ratio of %2:1 effectively reduced dissolved arsenic concentrations in groundwater
from monitoring well MW-36D. The stoichiometric ratio represents the balance between ferrous sulfate heptahydrate and a combination of arsenic,
sulfide, and pH conditions in groundwater.
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5.1. Regulatory Approval

The Play Area Interim Action will be conducted under a modification of the March 18, 2005, Agreed Order
DE 2008 between PSE, the City, and Ecology for the Gas Works Park Sediment Site. Injection wells are
typically regulated by Ecology under the requirements of WAC 173-218 (Underground Injection Control [UIC]
Program). The injection wells being used for the Interim Action are considered Class V injection wells per
WAC 173-218-040(5)(a)(x). Because the injection wells are being used as a component of an interim
cleanup action under a MTCA agreed order, the injection wells do not need a permit but do need to be
registered with the Ecology UIC program per WAC 173-218-060(5)(b) prior to being used for remediation.
Injection wells are generally subject to the UIC non-endangerment standard WAC 173-218-080. However,
as injection wells for remediation at a cleanup site under a MTCA order, the injection wells proposed for the
Play Area infrastructure installation are considered to automatically meet the non-endangerment standard
in accordance with WAC 173-218-100, and are registered using the registration form titled “Underground
Injection Control (UIC) Well Registration Form for Class V UIC Wells that Automatically Meet the
Nonendangerment Standard”. The UIC registration forms are included in this Work Plan as Appendix C.

5.2. Site Preparation

Mobilization for performing Interim Action treatment will be coordinated with SPR staff to determine the
placement of equipment required to complete the treatment. The specific equipment required for the
injection, and the associated footprint required, will be determined by the injection contractor, but is
expected to consist of truck-mounted injection equipment (pumps, gauges, hoses, etc.) and reagent tanks
for mixing and storage of the treatment reagent. The area surrounding the two injection vaults will be fenced
off during the duration of the reagent injection period to create an exclusion zone prohibiting access by
park users and to secure the equipment during off-hours.

5.3. Baseline Groundwater Sampling

Prior to performing reagent injection for the Interim Action, a baseline sampling event will be completed to
evaluate pre-treatment Play Area groundwater conditions. Groundwater samples will be collected from each
of the fill and outwash monitoring wells in the Interim Action monitoring well network to evaluate baseline
dissolved arsenic concentrations as well as concentrations of other chemical parameters that may impact
treatment. The results of the baseline sampling will be compared to existing groundwater data to verify and
finalize the planned injection protocol. In the event that the groundwater conditions with the greatest effect
on reagent usage (arsenic, sulfide, and pH) differ significantly from expected conditions, the injection
parameters such as reagent concentration and volume, may be revised.

Samples will be collected from each of the wells listed on Table 1. Samples will be collected and analyzed
in accordance with the sampling and analysis plan (SAP) and quality assurance project plan (QAPP) in the
2013 Supplemental Investigation Work Plan (GeoEngineers, 2013) and an addendum to the SAP and QAPP
(Addendum 3) that is attached to this Work Plan as Appendix E.

Groundwater sampling will include low-flow well purging while collecting field parameters. The final field
parameter measurements collected at each well will also be used to evaluate chemical conditions of the
groundwater to be sampled. The SAP/QAPP further outlines sampling procedures.
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The following field parameters will be measured during sample collection:

m Dissolved oxygen concentration;

m Oxidation/reduction potential (ORP);

m Specific conductance;

® Turbidity;

m Temperature; and

m pH.

Following measurement of field parameters, groundwater samples will be collected for laboratory analysis

by a Washington-certified laboratory. The laboratory will analyze all groundwater samples for the following
analytes:

m Total and dissolved arsenic by U.S. Environmental Protection Agency (EPA) Method 200.8. Dissolved
arsenic samples will be field-filtered.

m Total and dissolved iron by EPA Method SW6010. Dissolved iron samples will be field-filtered.

m Sulfide by EPA Method SM4500-S2-D.

m Sulfate by EPA Method 300.0

n addition to the analyses listed above that will be performed for each baseline groundwater sample,
additional analyses will be performed for samples collected from within the treatment footprint to evaluate
the baseline conditions for the various arsenic species. The arsenic speciation will be performed by Brooks
Applied Labs using an IC-ICP-MS method. This laboratory and method was used to evaluate the species of
arsenic during the geochemical evaluation performed on Play Area groundwater and summarized in the
November 2015 memorandum titled “Former Thylox Process Area Geochemical Evaluation” prepared by
Anchor QEA. (Anchor QEA, 2015). Speciation analysis will be performed on fill and outwash monitoring wells
within the immediate treatment area, including the following monitoring wells:

m  Fill Groundwater Monitoring Wells - MW-42S, MW-43S, MW-45S, and MW-46S.
m Outwash Groundwater Monitoring Wells - MW-45D, MW-46D, and MW-48D.

Table 2 presents a sampling matrix for baseline groundwater samples.

5.4. Reagent Injection

This section describes the anticipated steps to perform the reagent injection for the Interim Action. Reagent
mixing and injection will be subcontracted to an experienced remediation contractor equipped to complete
on-site mixing and injection of reagent solutions. The procedures described are general and may be
adjusted based on the specific injection methods and capabilities of the selected injection contractor.

5.4.1.Reagent Handling and Mixing

The ferrous sulfate reagent will be purchased as a solid, granular product in the heptahydrate form
and delivered to and securely stored at the off-site facility of the selected contractor. The product to be
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used is a QC Corporation brand granular ferrous sulfate heptahydrate, or equivalent product. Direct contact
hazards associated with the solid ferrous sulfate product are described in the safety data sheet provided
as Appendix D. The ferrous sulfate product will only be handled by personnel who have had safety data
sheet training (i.e., Occupational Safety and Health Administration [OSHA] 40-hour Hazardous Waste
Operations and Emergency Response [HAZWOPER]) and have reviewed the safety information for the
ferrous sulfate product being used. Material storage and mixing will be conducted in an exclusion zone off-
limits to unqualified personnel. Additional safety procedures for workers and to protect park users will be
described in a health and safety plan to be prepared for the injection activities.

Field personnel will set up a central temporary mixing system on site to allow safe mixing of the reagent.
The mixing tank(s) will include temporary secondary containment to allow collection of spilled reagent. A
water supply is located adjacent to the injection vaults and will be metered to allow accurate measurement
of water volume added to the mixing tank(s). The mixing tank(s) will include components to automatically
mix the reagent to facilitate complete dissolution of the solid product, including recirculation pumps and/or
powered paddle mixers. All mixing equipment that comes into contact with the ferrous sulfate solution will
be constructed of materials compatible with the ferrous sulfate, as the solution is corrosive and can
damage common materials like carbon steel.

The ferrous sulfate reagent solution will be mixed at a concentration of up to 5 percent, measured by weight
of heptahydrate form of ferrous sulfate. For a 1000-gallon batch of reagent, 415 pounds of ferrous sulfate
heptahydrate product is mixed to create a reagent concentration of 5 percent. Data collected during
baseline sampling may indicate that a 5 percent solution is not needed and a more dilute solution will
be used.

5.4.2.Reagent Injection

The injection contractor will use a temporary delivery system to transfer the reagent solution from a mixing
tank to the selected injection wells at controlled and measured pressures and flow rates. The delivery
system will consist of a transfer pump, manifold, distribution hoses, and fittings to connect to multiple
injection wells simultaneously. The delivery system will include a flow meter to measure the total injection
flow rate and volume. A manifold will be used to split the injection flow into multiple streams to allow
injection into multiple wells simultaneously. The manifold will include pressure gauges and flow meters to
measure flow conditions for each stream (i.e., injection well). Injection equipment will be constructed of
materials compatible with the dilute ferrous sulfate solution being injected.

Injection pressures and flow rates will be evaluated at the injection wells. Flow data collected during
development of the injection wells indicated that the injection wells generally fall in three categories; low
conductivity upgradient fill wells, high conductivity downgradient fill wells, and outwash wells. The injection
pressures planned for fill wells are relatively low due to the shallow depth of the well screens. Guidance
provided in “Remediation Hydraulics” by Payne, et. al. (Payne, 2008) led to the conclusion that fill injection
pressure be limited to approximately 6 pounds per square inch (psi; at the well) to increase the probability
that injected solution is primarily distributed laterally. For fill injection wells located in areas of low
conductivity soil (injection well lines A and B in the western portion of the Play Area), and to a lesser degree
line C (Figure 5), this low pressure is expected to generate a low injection flow rate. The high conductivity
conditions in downgradient fill wells, primarily associated with fill wells on line D (Figure 5), are expected to
achieve significantly higher flow rates under equivalent pressure limitations. The injection process at these
wells will likely be flow limited rather than pressure limited.
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The outwash injection wells were also observed to be relatively low conductivity and are expected to behave
similarly to the low conductivity fill injection wells during injection. However, due to the depth of the outwash
injection well screens, a higher injection pressure of approximately 10 psi is planned to be used for outwash
injection wells.

The reagent solution injection will be initiated by performing flow testing at each injection well to determine
the resulting flow rates at pressures up to the anticipated maximum pressure. The results of this procedure
will be used to determine injection protocol specifics such as the number of wells to inject simultaneously
and the anticipated injection duration, expected to be approximately 1 to 2 weeks.

6.0 INTERIM ACTION MONITORING PLAN

The Interim Action will consist of several monitoring elements that will be used to determine the
performance of the arsenic treatment. As describe in Section 3.3, the Interim Action monitoring approach
generally follows the requirements for cleanup action compliance monitoring as outlined by MTCA in
WAC 173-340-410. The compliance monitoring performed for a cleanup action generally consists of
protection, performance, and confirmation monitoring. This section presents the Interim Action Monitoring
Plan and focusses on performance monitoring and confirmation monitoring. Protection monitoring will be
addressed in a Health and Safety Plan prepared for personnel performing the Interim Action.

Performance monitoring will consist of baseline sampling to evaluate pre-treatment conditions across the
site, collecting data during the reagent injection period to evaluate immediate influence of injection, and
collecting post-injection samples to evaluate treatment performance at the end of the expected treatment
duration. Confirmation monitoring will be performed at an extended period following treatment to evaluate
longer-term performance and stability of the arsenic treatment. Additional details for the Interim Action
monitoring are presented in the sections below.

6.1. Interim Action Performance Monitoring

Performance monitoring of a cleanup action under MTCA, including an interim action, is used to evaluate
the performance of the action during construction or operation of the action, and includes quality control
measurements and short-term evaluation of treatment effectiveness. The performance monitoring data will
be evaluated to determine the lateral influence of injected reagent, the resulting influence on groundwater
chemistry at varying distances away from the injection locations, and the resulting reduction of dissolved
arsenic concentrations. If appropriate, the results of the data analysis will be used to develop a plan for
additional reagent injection and performance monitoring. Performance monitoring will be reevaluated and
likely reduced if additional rounds of reagent injection are needed. The performance monitoring planned
for the Interim Action is described in the following sections.

6.1.1.Short-Term Injection Performance Monitoring

Short-term injection performance monitoring is intended to collect injection pressure and flow data during
reagent injection and to evaluate immediate influence of reagent injection at nearby monitoring wells. The
short-term data will be used to evaluate and potentially adjust injection parameters and protocol.

The reagent delivery system used for the Interim Action will be configured in a way that allows the
measurement of flow and pressure to each injection well. During injection, the pressure and flow rate at
wells being injected will be measured and recorded regularly (at least every 15 minutes) to evaluate
pressure and flow stability and monitor the total injection volume at each well.
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Monitoring wells located within the immediate vicinity of the injection well network will be monitored during
injection to determine the hydraulic effect of injection at short distances away from the injection wells.
During injection, groundwater elevation will be measured hourly at the five fill groundwater zone monitoring
wells (MW-42S, -43S, -44S, -45S, and -47S) and the two outwash groundwater monitoring wells (MW-45D
and MW-48D) located near the operating injection wells.

Following injection, sampling will be conducted twice weekly for 2 weeks at the five fill wells and two
outwash wells listed above to evaluate the immediate chemical effects from injected reagent. Sampling
using low flow sampling procedures described in the SAP/QAPP will be used to measure the same field
parameters that are proposed for baseline sampling as described in Section 5.3 above and to collect
samples to perform field screening using iron and sulfate test kits. Table 2 presents a sampling matrix for
short-term injection performance monitoring.

The short-term injection performance monitoring described above for the initial reagent injection event will
be reevaluated if additional reagent injection is performed. The assumption is that short-term injection
performance monitoring for additional injection events (if required) would consist of flow, pressure, and
well head measurements, but not post-injection short-term twice weekly sampling.

6.1.2.Treatment Performance Monitoring

The objective of the treatment performance monitoring is to evaluate the effectiveness of the ferrous
sulfate reagent injection on dissolved arsenic concentrations within the footprint of the treatment layout,
and to evaluate downgradient effects of the treatment in the form of reduced dissolved arsenic as well as
direct chemical influence from the injected reagent (i.e., pH and increased iron or sulfate concentrations).
Following completion of the first full round of reagent injection and the shortterm monitoring
(Section 6.1.1), performance monitoring will consist of performing one round of groundwater sampling at
wells within and surrounding the injection system footprint, approximately 1 month following completion of
the first round of reagent injection.

The treatment performance monitoring groundwater samples will be collected from all of the monitoring
wells in the Play Area Interim Action monitoring network, in accordance with the SAP/QAPP Addendum
included as Appendix E. Table 2 provides a list of wells and analytes for the treatment performance
monitoring,

6.2. Interim Action Confirmation Monitoring

The Interim Action will include confirmation monitoring. Confirmation monitoring will be performed following
the completion of all treatment associated with the Interim Action, and will be performed after an extended
period (3 months or more) following reagent injections to evaluate post-treatment conditions.

Confirmation monitoring will consist of completing one round of groundwater sampling at fill and outwash
monitoring wells located within the immediate footprint of the treatment. Table 2 includes a sampling matrix
for confirmation groundwater samples. The results of performance monitoring conducted during the Interim
Action may result in altering the scope of confirmation monitoring. Confirmation groundwater sampling will
be conducted in accordance with the SAP/QAPP Addendum included as Appendix E.
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7.0 SCHEDULE

Installation of the infrastructure associated with the Interim Action was completed during Spring and
Summer 2017. The reagent injection component of the Interim Action is expected to begin in Fall 2017,
prior to construction of the Play Area renovation project or Winter/Spring 2018 following construction of
the Play Area renovation project. A single round of reagent injection is expected to take 1 to 2 weeks, which
would be immediately followed by performance monitoring as described above. Additional treatment may
be performed based on the results of performance monitoring, but would be scoped and scheduled based
on monitoring results as well as the schedules for construction or other activities planned by SPR at the
Play Area.
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Table 1

Proposed Play Area Groundwater Monitoring Network

Play Area Interim Action Work Plan
Gas Works Park Site
Seattle, Washington

No. |Well ID Unit Type Purpose/Rationale

Part of existing shoreline network to monitor groundwater quality downgradient of Play Area

1 |MW-36S Fill Downgradient . . .
injection system. Sampling optional.

Part of existing shoreline network to monitor groundwater quality downgradient of Play Area

2 |MW-36D Outwash Downgradient .
injection system.

Characterize groundwater entering the treatment area. Upgradient of injection wells to avoid

3 |MW-41S Fill Upgradient
treatment effects.

Characterize groundwater entering the treatment area. Upgradient of injection wells to avoid

4 |MW-41D Outwash Upgradient
treatment effects.

5 |MW-42S Fill Performance Monitor groundwater within treatment area downgradient of injection lateral A.

6 |MW-43S Fill Performance Monitor groundwater within treatment area downgradient of injection lateral B.

Monitor groundwater within treatment area downgradient of injection lateral C - closer to

7 |MW-44s Fill Performance L
injection well.
Monitor groundwater within treatment area downgradient of injection lateral C - farther from
8 |mwass  [Fil Performance wonitor g g )
injection well.
9 [MW-45D Outwash Performance Monitor groundwater within treatment area downgradient of injection lateral C.
10 |Mw-aes Fill Performance Mf)nitor groundwatler near downgradient edge of treatment area along plume centerline
(higher concentration area).
11 [MW-46D Outwash Performance Monitor groundwater near downgradient edge of treatment area along plume centerline.
Monitor groundwater within treatment area downgradient of injection lateral D south of
12 |Mw-47s  |Fil Performance groun , g .
plume centerline (lower concentration area).
13 |MW-48D Outwash Performance Monitor groundwater within treatment area downgradient of injection laterals C and D.

Part of shoreline network to monitor groundwater quality downgradient of Play Area injection

14 |MW-49D Outwash Downgradient
system -- southern well.

Part of shoreline network to monitor groundwater quality downgradient of Play Area injection

15 [MW-50D Outwash Downgradient
system - central well.

Part of shoreline network to monitor groundwater quality downgradient of Play Area injection

16 [MW-51S Fill Downgradient )
system and centerline of plume.

Part of shoreline network to monitor groundwater quality downgradient of Play Area injection

17 |MW-52D Outwash Downgradient
system - northern well.

Notes:
1. Monitoring well locations are shown on Figures 5 and 6.
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Table 2

Interim Action Monitoring Matrix
Play Area Interim Action Work Plan
Gas Works Park Site
Seattle, Washington

Performance Monitoring Confirmation Monitoring
Baseline Samplin Short-T Perf: Monitori
pling 0 .erm er orma.nce .OI‘II. oring Treatment Performance Monitoring
(During and following Injection)
Well At least 3 months after
Screen Hourly | 1wo times per week following final injection
Well ID . Well Type Prior to beginning injection during 4 1 month after end of injection
Geologic ©a injection
Unit injection
. Arsenic . . .
Field Arsenicz Speciation ||-on3 Sulfide Sulfate | Water Field | 5 Sulfat Field Arsenic2 Iron3 Sulfide Sulfate Field Arsenic2
ron ulfate
Parameters' | (200.8) | (c.cp.ms) | (SW6010) | (SM4500-52D) | (300.0) | Levels | parameters' Parameters’ | (200.8) | (SW6010) | (SM4500-52D) | (300.0) | parameters’ | (200.8)
MW-36S Fill Downgradient X X X X X X X X X X
MW-36D Outwash | Downgradient X X X X X X X X X X
MW-41S Fill Upgradient X X X X X X X X X X
MW-41D Outwash Upgradient X X X X X X X X X X
MW-42S Fill Performance X X X X X X X X X X X X X X X X X
MW-43S Fill Performance X X X X X X X X X X X X X X X X
MW-44S Fill Performance X X X X X X X X X X X X X X X X
MW-45S Fill Performance X X X X X X X X X X X X X X X X X
MW-45D Outwash Performance X X X X X X X X X X X X X X X X X
MW-46S Fill Performance X X X X X X X X X X X X X
MW-46D Outwash Performance X X X X X X X X X X X X X
MW-47S Fill Performance X X X X X X X X X X X X
MW-48D Outwash Performance X X X X X X X X X X X X X X X
MW-49D Outwash | Downgradient X X X X X X X X X X
MW-50D Outwash | Downgradient X X X X X X X X X X
MW-51S Fill Downgradient X X X X X X X X X X
MW-52D Outwash | Downgradient X X X X X X X X X X
Notes:

1. Field parameters include: water level, dissolved oxygen, oxidation/reduction potential, specific conductance, turbidity, temperature, and pH.

2. Total and dissolved arsenic. Dissolved arsenic sample to be field filtered.

3. Total and dissolved iron. Dissolved iron sample to be field filtered.

4. Sample twice weekly for 2 weeks following reagent injection.

5. Iron by colorimetric field test kit. Hach IR-18 or equivalent.

6. Sulfate by colorimetric field test kit. Hach SF-1 or equivalent.
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Notes:

1. Gas Works Park Site boundary is equivalent to the

Gas Works Park Sediment Site boundary documented

in the 2013 Amendment of Agreed Order DE2008.

2. Reference: basemap provided by Esri.

3. The locations of all features shown are approximate.

4. This drawing is for information purposes. Itis intended

to assistin showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Area of Investigation (AOI)
(Ecology 2013)

Consent Decree Boundary
(Ecology 1999)

Play Area Renovation Footprint

Notes:

1. The AOl is equivalent to the Gas Works Park Sediment Site
boundary documented in the 2013 Amendment of Agreed Order
DE 2008 (Ecology 2013).

2. The Uplands Consent Decree boundary is equivalent to the Site
boundary documented in Exhibit A of the Final Consent Decree
99-2-52532-9SEA (Ecology 1999).

3. The locations of all features shown are approximate.

4. This drawing is for information purposes. It is intended

to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Notes:
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The locations of all features shown are approximate.
2.

This drawing is for information purposes. It is intended to assist in showing
features discussed in an attached document. GeoEngineers, Inc. cannot
guarantee the accuracy and content of electronic files. The master file is stored
by GeoEngineers, Inc. and will serve as the official record of this communication.
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The locations of all features shown are approximate.

This drawing is for information purposes. It is intended to assist in showing
features discussed in an attached document. GeoEngineers, Inc. cannot
guarantee the accuracy and content of electronic files. The master file is stored
by GeoEngineers, Inc. and will serve as the official record of this communication.

Existing conditions survey by Seattle Parks and Recreation, November 2002
Construction Completion Report by Thermo RETEC, January 2001

Earthwork & Demolition plan by Department of Parks and Recreation, July 1974
Site-Wide Remedial Investigation/Feasibility Study by GeoEngineers, March 2016

N

30 30

Feet

Outwash Dissolved Arsenic

Gas Works Park Site
Seattle, Washington

GEOENGINEERS Figure 4




P:\0\0186846\01\CAD\Task 1804 2017 Play Area IA\Work Plan\018684601_T1804S06_F05-FO6 Injection Infrastructure and MW Well Networks Fill and Outwash Dissolved Arsenic.dwg TAB:FO5 Date Exported: 08/15/17 - 11:58 by syi

N | by !
’/' \‘ ‘; NLb “w f:‘ !\\ .
/ : N S\‘) [ l w
f O
®c1 | g
\ \‘ / < | !
01 @ == m IR
D2 [|] i SR A
MW-44S RN
et B 02—$— A
71 ]
: 1 P , / /4
] : " Ve //
| cs D3 ® MW-52Dy / ~./j
L a D4 [m] ) / “,’ ;
1] Mw-ass B .,
::@ Cc4 '$' ; N ' ‘ ,
I AED S
| Mw-a5D) w5
:@ c5 Ly 'i
________ _.Zl @® D5 |y 1;
Y 4 ! &) pe
b
C6 |
Vi
Vi
7/
| : é@ Didca
| os -
Hi
I
: : MW-47S \L OUTFALLC
{ 1) 10-IN CONC.
~ ¢ 0 x A s A L Ly IE21.00
- o a ~F—--ZZZ 2 o IGE]
e l—— \ ® p10
‘\ \ LAKE
UNION
\\ s  MW-43S
S w ¥ MW-48D / I
\\ \ L OUTFALLD |
Y ~ / | &INPCV
™ \ S E2691 |
N N
S , | | “ | ,
// 1,000 \ Y >\ s" i / | / i
| el " MWD 4 X
| ) ) / i " [
| / ) e ;0 Y
gg - / / y (/V /W / /.l W% E
s // P o
_ oy ! e . / / S
Pe e - / / /,/ // / / / I'/
3 - 2 VA VARG
_ > . % / /,W N /8 ) 20 0 20
/ [N / / / y // ) ]
e - N VYA / / / Feet
” — - > / / / I
~ - - Y, / /
- / ~ - ;s / / b
Notes: Legend Proposed Injection Infrastructure and Monitoring Wells
1. The locations of all features shown are approximate. — ot iati tari _Fi i i
2. This drawing is for information purposes. It is intended to assist 0 Existing Contour (USACOE) _$_ Existing Monitoring Well - Fill Al @ Injection Well - Fill Injection Infrastructure and

in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content

of electronic files. The master file is stored by GeoEngineers, Inc.

and will serve as the official record of this communication.

Data Source:
o Existing conditions survey by Seattle Parks and Recreation,
November 2002
e Construction Completion Report by Thermo RETEC, January
2001
e Qutfall C and D based on APS Survey, December 2014

Existing Stormdrain

Existing Water

Existing Electrical

Play Area Renovation Footprint

Approximate Edge of Existing
Impermeable Liner

Existing Asphalt, Gravel, and/or Concrete

P4 Existing Monitoring Well - Outwash

Interpreted Fill Dissolved Arsenic
Concentration Contour
(Dashed where inferred) (ug/L)

~=1,000=~

— — c—

Ordinary High Water

B3 [m] Injection Well - Outwash
—- Trenched Injection Pipe and System Vault
MW-46S —$— Monitoring Well - Fill
MW-46D K Monitoring Well - Outwash

Monitoring Well Network -
Fill Dissolved Arsenic

Gas Works Park Site
Seattle, Washington

Figure 5

GEOENGINEERS /j




P:\0\0186846\01\CAD\Task 1804 2017 Play Area IA\Work Plan\018684601_T1804S06_F05-FO6 Injection Infrastructure and MW Well Networks Fill and Outwash Dissolved Arsenic.dwg TAB:FO6 Date Exported: 08/15/17 - 11:58 by syi

%
@®c1
@ Al B1 @ D1 @
MW-44s P28
FoSZZzoogfon roczioos ©C2-$-
| i ;
I @ B2l v
©/|:/7W-425—$—: “ [ 1 / 55@03 3@
i 83 | | Mw-45s >
L
| T
¥ o ¥ MW-45D §§
|
MW-41D P a2 -! i__ [ . i @® D5
X AN H
4 i & .
| ]
Ty
13
- 1
MW-41S s : I ‘
¥ ¥ @ D7
1 U
4 ] o 'dP'
,, ¥ ¥ MW-47S
< 1
~ - loegfooood ] &y 0o
L mo \\ @10
\$
Bs ' MW-43S
c11
- N /EI KMW-48D OLJTFALL‘D ‘ [
v \\ | 64N POV
/ 7 \ I“E2’6.91 | I
/ " 4 Ny ! ] [ l
- — 7 : /K,MW-490/ o |
) / / // / // / / / ',
g O o /
_ — . /rb0 ’ ; / !
_ A, /

Notes:
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in showing features discussed in an attached document.
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of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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1 INTRODUCTION

This report presents results and recommendations of groundwater treatability testing for
arsenic contamination at the Gas Works Park Site in Seattle, Washington. Dissolved arsenic
concentrations are elevated in groundwater in the eastern portion of the site, where the
Thylox process equipment was formerly located. Arsenic is a contaminant of concern for site

soil and groundwater discharging to surface water.

Iron amendments can remove arsenic from groundwater through one or more the following

mechanisms:

e Ferrous iron reacts with dissolved sulfide to form an insoluble iron sulfide precipitate
(FeS or mackinawite); removal of dissolved sulfide from groundwater also reduces the
solubility of arsenic under sulfidic conditions.

e Soluble iron compounds such as ferrous sulfate and ferric chloride are acidic and have
been used for neutralization of alkaline pH; arsenic solubility under sulfidic
conditions present at the site decreases with decreasing pH.

e Arsenic attenuation is also provided by adsorption on iron oxides that form within an
iron-based reactive barrier or downgradient of the point of injection of soluble iron

amendments.

The objective of the treatability study is to provide empirical bench-scale data for the
performance of iron-based amendments to aid in selection of suitable amendments and doses

for in situ removal of arsenic from site groundwater.

Treatability testing was performed in Anchor QEA’s Environmental Geochemistry
Laboratory (EGL) in Portland, Oregon, following procedures outlined in the Treatability
Study Work Plan (Anchor QEA 2016a).

Arsenic Treatability Study Report December 2016
Gas Works Park Site 1 100366-01.02



2 SAMPLE COLLECTION

Site groundwater and aquifer solids for treatability testing were provided to Anchor QEA by
GeoEngineers. Site groundwater was collected from monitoring well MW-36D.
Groundwater samples were collected in 5 gallon cubitainers with zero headspace, and packed
in Mylar barrier bags containing oxygen adsorbents to preserve anaerobic conditions during
transport to EGL. Aquifer soil materials from the Fill and Outwash units were obtained from
archived samples collected by GeoEngineers during the Play Area Investigation in 2014.

Soils were also packaged in Mylar zip-seal bags with oxygen absorbent packets for transport
to EGL.

3 TREATABILITY TESTING RESULTS

The in situ treatment approaches that were evaluated target manipulation of geochemical
conditions to reduce arsenic solubility and mobility under site conditions.

Iron-based amendments that were tested included soluble iron compounds that can be
injected into groundwater, as well as sparingly soluble iron amendments that can be
emplaced in a reactive barrier or as a reactive component of a sediment cap to treat
groundwater in situ prior to discharge to Lake Union. The following iron-based
amendments were evaluated for dissolved arsenic removal (and sequestration) from site

groundwater:
e Soluble amendments for implementation by in situ injection

- Ferrous sulfate [FeSO+7H20]
- Ferric chloride [FeCl3-4H20]

e Solid phase amendments for implementation in a reactive barrier

- Siderite [FeCOs]

- Zero-valent iron [Fe]

The iron-based amendments used for treatability testing were obtained from commercial
suppliers. Ferrous sulfate and ferric chloride were obtained from GFS Chemicals
(www.gfschemicals.com), zero-valent iron was obtained from Connelly-GPM, Inc.

(www.connellygpm.com), and siderite was obtained from SidCo Minerals.
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3.1 Treatability Groundwater and Soil Sample Characterization

Geochemical characterization of site groundwater and aquifer solids (soil) was performed to
support the design and interpretation of the treatability testing. Groundwater and soil
samples were composited and homogenized under a nitrogen atmosphere. The homogenized
materials were subsampled in duplicate and submitted for analysis at EGL, Analytical
Resources, Inc. (ARI), and Brooks Applied Labs (Brooks), as described in Anchor QEA

(2016). Initial groundwater and soil characterization data are presented in Tables 1 and 2.

The dissolved arsenic speciation in MW-36D groundwater consists of a mixture of arsenite
(As(III), 54 %), arsenate (As(V), <2 %) and a significant proportion of species tentatively
identified as thioarsenates (AsSxOas-x, 45 %).

The fill unit soil is predominantly coarse sand to gravel with a pH of 8.6, while the outwash

unit soil is predominantly fine sand to silt with a pH of 8.4.

3.2 Groundwater pH Titration

Geochemical investigations conducted at the site found that dissolved arsenic concentrations
in groundwater decrease with decreasing pH (Anchor QEA 2015); therefore, pH
neutralization is a potentially important process for arsenic removal from groundwater. The
solubility of arsenic as a function of pH was determined by acid titration of site groundwater
from its initial native pH of 8.65 to a final pH of 3, with collection of aliquots for
determination of dissolved arsenic concentration (and selected samples for arsenic speciation)
at intervals of approximately 0.5 to 1.0 pH units. The acid titration was performed twice
with samples submitted at each neutralization step for total and dissolved arsenic and iron
concentration, as well as arsenic speciation. The first titration experiment (Titration 1) was
performed in a 4 liter Erlenmeyer flask set on a stirring plate. Nitric acid was added stepwise
under ambient conditions, and sample aliquots were collected at each target pH. For the
second titration experiment (Titration 2), individual bottles were prepared for each target
pH, and the reaction was performed under anaerobic conditions. Titration test results are
summarized in Tables 3 and 4. The pH titration curves are shown in Figure 1, and the

dissolved arsenic concentrations measured at different pH values are shown in Figure 2.
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The acid titration test results confirmed that decreasing groundwater pH also reduces
dissolved arsenic concentrations. However, pH neutralization alone decreased the dissolved
arsenic concentration of MW-36D groundwater by nearly 90 % to a final concentration of
approximately 9 milligrams per liter (mg/L). A yellowish precipitate observed to form
following acidification is most likely an arsenic sulfide such as orpiment (As:S3). Arsenic
concentrations were lower in Titration 2 because the closed and anaerobic conditions
prevented hydrogen sulfide volatilization and/or oxidation, and enhanced the precipitation

of arsenic sulfides.

Arsenic speciation results for the Titration 2 test samples indicated that although arsenate
and arsenite were removed from solution with decreasing pH, the unknown species, likely
thioarsenates based on prior site characterization, were not completely degraded and

persisted in solution to pH as low as 3 (Figure 3).

3.3 Groundwater Batch Tests

A series of batch tests were performed to determine arsenic removal efficiency and removal
rate from MW-36D groundwater by the 4 amendments evaluated. In reacting with site
groundwater, the iron amendments which ultimately produce iron hydroxide, carbonate,
and/or sulfide precipitates which produce acidity. For soluble amendments, a stoichiometric
dose was calculated from the amount of acid required to bring the groundwater pH to 5
(based on the Titration 2 test data) and the acidity of the amendments, as described in
Appendix A. For siderite and zero-valent iron, a nominal dose based on an iron to arsenic

ratio of 1,000 was used.

Groundwater and amendments were added to test bottles in a glove box under a nitrogen
atmosphere. The nominal doses used in the groundwater batch tests are given in Table 5.
Replicate test bottles were set up for the nominal doses, and additional batch tests were set

up at one half and twice the nominal doses to bracket the test conditions.

Test bottles were allowed to react anaerobically for 48 hours prior to sampling. Dissolved
arsenic concentrations decreased in all treatments but were still elevated relative to the

controls. Batch tests were therefore allowed to react for an additional 14 days at which time
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they were sampled again. Batch tests results are summarized in Table 6, and dissolved
arsenic concentrations for the different treatments as a function of reaction time are plotted
in Figures 4 to 7. After the additional reaction period, all the treatments had greater than
90% arsenic removal compared to the control. A black precipitate, likely iron sulfide,
formed in all the ferrous sulfate treatments and in the lowest (1/2) dose of the ferric chloride
treatment. A reddish-brown precipitate, likely iron oxyhydroxide, formed in the nominal

and higher dose ferric chloride treatments.

Based on the previous experience with the acid titration tests, the extended time needed to
achieve 90% dissolved arsenic removal by the iron-based amendments was somewhat
unexpected. Thioarsenates are known to be poorly adsorbed to iron oxides and sulfides
(Couture et al. 2013). It was therefore hypothesized that the amendments, which have long
been used for arsenic removal from groundwater, were not as effective as the acid used in the
titrations in promoting rapid decomposition of thioarsenates. To test this hypothesis, an
additional set of batch tests was conducted in which groundwater was pretreated with a
strong oxidant (potassium permanganate or hydrogen peroxide) to degrade the thioarsenate

species and convert them to arsenate:

AsSx O3 + OX > AsO43 + x SO

where OX is the oxidant. The pretreated groundwater was then allowed to react with the
amendments (added at %2 the nominal dose for ferric chloride and ferrous sulfate and the
nominal dose for siderite and zero-valent iron) for 48 hours and sampled. The results (Table
7) showed that arsenic removal was greatly improved by the pretreatment, confirming that
the observed performance in the previous batch tests (48-hour reaction time without
thioarsenate pretreatment) was due to the slow decomposition of thioarsenates present in

groundwater.

3.4 Groundwater-Soil Slurry Sequential Batch Uptake Tests

Based on the results of the batch test, it was decided to proceed with a 2-pronged approach
for the batch uptake tests. Accelerated (short cycle) uptake tests for the ferric chloride and

ferrous sulfate treatments with peroxide pretreated groundwater were performed to provide
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sufficient data on amendment performance to support a decision regarding implementing in
situ injection as an interim action. The accelerated laboratory timeframe allowed for
infrastructure construction to be performed in coordination with other planned construction
at the site but also introduced some uncertainty on the representativeness of the results for
site-specific conditions. A second set of uptake tests was also performed for all 4
amendments with longer reaction cycles (2 weeks) and without groundwater pretreatment to
generate treatability data under more realistic site-specific conditions to reduce uncertainties

regarding treatment effectiveness and permanence in selecting the preferred amendments.

3.4.1 Short Cycle Uptake Tests with Pretreated Groundwater

Aquifer solids (fill and outwash soil) were reacted with amended groundwater (pre-treated
with peroxide) at a liquid-to-solid ratio of 10 for 48 hours. At the end of the reaction period,
groundwater was decanted for sampling, and a new aliquot of amended groundwater was
reacted with the amended solids for 48 hours. This was repeated for a total of four cycles.
Controls (soil only) and duplicate tests were also set up in accordance with the work plan
(Anchor QEA 2016a). At the end of each reaction cycle, specific conductance, pH, and
oxidation-reduction potential (ORP) were measured in the reacted groundwater, and a
sample was collected for dissolved arsenic and iron analysis. Results for outwash soil are

presented in Table 8 and results for fill soil are presented in Table 9.

The fill soil controls showed some reduction in dissolved arsenic concentrations during the
first and second cycles but little removal thereafter (Figure 8). The outwash soil control
showed even less removal and the final dissolved arsenic concentration at the end of the
fourth cycle was slightly greater than the initial groundwater concentration, indicating a net
release of arsenic from the solids by the fourth cycle (Figure 9). Consequently, the calculated
cumulative arsenic uptake from the groundwater test solutions by the unamended soils was

generally low (Figures 10 and 11).

The multiple uptake cycles with ferric chloride treatment consistently resulted in average
dissolved arsenic concentrations around 0.3 mg/L representing 3 orders of magnitude
reduction compared to the controls (Figures 8 and 9). The cumulative arsenic uptake by the

ferric chloride treated soils was essentially 100 % of the arsenic loading (Figures 10 and 11).
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No visible precipitates formed with ferric chloride treatment; however, the solutions turned
reddish-brown in color. Dissolved iron concentrations remained similar or slightly lower
than in the controls, indicating that the added iron was largely precipitated as colloidal iron

oxides and coatings on the soil grains.

The ferrous sulfate treatments consistently resulted in average dissolved arsenic
concentrations of 0.02 mg/L or 4 orders of magnitude reduction compared to the controls
(Figures 8 and 9). The cumulative arsenic uptake by the ferrous sulfate treated soils was
essentially 100 % of the arsenic loading (Figures 10 and 11). Residual dissolved iron
concentrations were in the 100-200 mg/L range, representing 10-20 % of the iron added, the
remainder having precipitated. A rust colored precipitate formed in the slurry test bottles
with ferrous sulfate. The lower dissolved arsenic concentrations coupled with elevated iron
suggest that a ferrous arsenate such as symplesite may have precipitated in these test bottles

in addition to iron oxides.

The calculated cumulative arsenic uptake from the groundwater test solutions by the ferric
chloride and ferrous sulfate amended soils was high and close to the maximum possible

uptake based on the cumulative arsenic loading to the test bottles (Figures 10 and 11).

3.4.2 Long Cycle Uptake Tests with Anoxic Groundwater

Aquifer solids (fill and outwash soil) were reacted with amendments and anoxic groundwater
at a liquid-to-solid ratio of 10 for 14 days. At the end of the reaction period, groundwater
was decanted for sampling, and a new aliquot of groundwater was added to each test bottle
and allowed to react with the amended solids for an additional 14 days. This procedure was
repeated for a total of four cycles. Controls (soil only) and duplicate tests were also set up in
accordance with the work plan (Anchor QEA 2016a). At the end of each reaction cycle,
specific conductance, pH, and oxidation-reduction potential (ORP) were measured, and
water samples were collected for dissolved arsenic and iron analysis. For each
soil/amendment combination, one replicate was submitted for analysis and the second was
archived. Results for outwash soil are presented in Table 10 and results for fill soil are

presented in Table 11.
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The purpose of the long cycle uptake tests was to evaluate cumulative arsenic uptake by a
single dose of amendments, therefore amendments were initially only added to the soil at the
beginning of the first cycle. For the soluble iron amendments (ferric chloride and ferrous
sulfate), however, arsenic uptake was significantly reduced at the end of the second cycle.
Although not entirely unexpected because the dosing of the soluble amendments was based
on stoichiometric considerations, ferrous sulfate and ferric chloride were added again at the
beginning of the third cycle in an attempt to increase the cumulative arsenic uptake on the
soil. Amendments were added to both of the test bottle replicates, one at the initial dose and
the other at twice the initial dose to assess the effect of a higher dose on arsenic uptake.
Water samples from both replicate bottles were analyzed at the end of cycle 3. Although the
additional amendment dose improved the arsenic removal, the higher dosage did not result
in significant additional removal (Tables 10 and 11). For the fourth and final cycle, ferrous
sulfate and ferric chloride were therefore added again to both replicates at the initial dose
rate. For uptake tests with the solid phase amendments (siderite and ZVI), no additional

doses were added after the initial dose.

3.4.2.1 Untreated Soil Controls

Arsenic removal from solution by the fill and outwash soil controls was initially modest to
low and decreased in subsequent cycles, with negative uptake (i.e. small net release of arsenic
from solids) by the final cycle (Figures 12 and 13). The cumulative arsenic uptake by the fill
was 14 % of the total arsenic loading with an estimated arsenic uptake capacity of
approximately 760 mg/kg (Figure 14). The cumulative arsenic uptake by the outwash soil
was 3 % of the arsenic loading with an estimated arsenic uptake capacity of approximately
130 mg/kg (Figure 15). The low uptake by the untreated soils is partly due to weaker
adsorption of arsenic at alkaline pH, which remained above 8 in all cycles. The higher
arsenic uptake capacity of the fill is likely attributable to the higher sulfide content relative
to the outwash soil (Table 2).

3.4.2.2 Ferric Chloride

The ferric chloride treatments achieved 70 to 88 % arsenic removal by the fill and 79 to 86 %
by outwash soil for cycles when ferric chloride was added (cycles 1, 3, and 4) but only 35 %

and 31 %, respectively, during cycle 2 when groundwater was replaced without addition of
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ferric chloride (Figures 12 and 13). The cumulative arsenic uptake was 67 % of the total
arsenic loading for fill (Figure 14) and 70 % for outwash soil (Figure 15). Solution pH was
generally reduced below 7 when ferric chloride was added with values as low as 3.1

recorded. A reddish brown precipitate was observed in the bottles indicative of iron oxides.

3.4.2.3 Ferrous Sulfate

The ferrous sulfate treatments resulted in 51 to 78 % arsenic removal by the fill and 64 to 79
% by outwash soil for cycles when ferrous sulfate was added (cycles 1, 3, and 4) but only 39
% and 35 %, respectively, during cycle 2 when groundwater was replaced without addition
of ferrous sulfate (Figures 12 and 13). The cumulative arsenic uptake was 58 % of the total
arsenic loading for fill (Figure 14) and 62 % for outwash soil (Figure 15). Solution pH was
consistently reduced to 6.5+0.2 when ferrous sulfate was added. Dark brown precipitates

were observed in the bottles indicating a mixture of iron sulfides and oxides.

3.4.2.4 Siderite

Arsenic removal by outwash soil amended with siderite decreased from 40 % during the first
cycle to 4 % by the fourth cycle (Figure 13). The cumulative arsenic uptake was 19 % of the
total arsenic loading (Figure 15). Solution pH remained slightly elevated at around 8.0+0.2.

3.4.2.5 Zero-valent Iron

Arsenic removal by outwash soil amended with zero-valent iron decreased from 83 % during
the first cycle to 61 % by the fourth cycle (Figure 13). The cumulative arsenic uptake was 71
% of the total arsenic loading (Figure 15). Solution pH increased slightly to 9.3+0.2.

3.5 Selective Sequential Extraction

Following completion of the sequential batch uptake tests, the solid residues were recovered
and subjected to selective sequential extraction (SSE) to evaluate the extent of arsenic
sequestration and to assess the potential for arsenic remobilization from the treated solids.
SSE fractionates the arsenic in the solid residues into 5 operationally defined pools, F1
through F5, which require increasingly aggressive chemical reagents to extract. F1

represents readily soluble arsenic. F2 is extracted with a mildly acidic concentrated
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phosphate solution. F2 targets arsenic present in forms that are soluble in mild acid (pH 5) or
can be exchanged by phosphate. F3 is an acidic (pH 2) solution containing hydroxylamine
which reduces ferric iron and solubilizes associated arsenic. F4 is concentrated nitric acid
and solubilizes most of the arsenic associated with organic matter or bound in crystalline
phases that are recalcitrant to the previous extraction steps. F5 represents the residual

arsenic that is not released by the sequential extraction procedure.

3.5.1 Short Cycle Uptake Tests

SSE results for fill and outwash soil residues from the short cycle uptake tests with pretreated

groundwater are summarized in Table 12 and Figures 16 and 17, respectively.

For fill soil, the ferric chloride treatment had a marginally higher total arsenic uptake than
the control (Table 12). However, the soluble F1 arsenic fraction was greatly reduced and a
higher proportion of the bound arsenic was sequestered in the F3 fraction (Figure 16). The
increase in the F3 fraction is consistent with adsorption and co-precipitation of arsenic with
iron oxides formed on addition of ferric chloride. The ferrous sulfate treatment resulted in
approximately twice the arsenic uptake of the control with reductions in the relative
proportions of the soluble F1 arsenic fraction and increases in the recalcitrant F3 and F4
arsenic fractions. The higher arsenic concentration in the F2 fraction and very low dissolved
arsenic concentrations observed in the ferrous sulfate treatments relative to control and
ferric chloride treatments (Figure 8) are consistent with precipitation of symplesite, a ferrous
arsenate solid phase which is expected to be stable under the test conditions with pretreated

groundwater.

For the outwash soil, the ferric chloride treatment increased total arsenic uptake by an order
of magnitude relative to the control (Table 12). The soluble F1 arsenic fraction was reduced
and a greater proportion of the arsenic was sequestered in the more recalcitrant F2, F3, and
F4 fractions (Figure 11). The increases in the F2 and F3 fractions are consistent with
adsorption and co-precipitation of arsenic with iron oxides formed on addition of ferric
chloride. The ferrous sulfate treatment resulted in approximately 20 times the arsenic uptake
of the control and twice the uptake of the ferric chloride treatment. The mass of soluble

arsenic was reduced by approximately 60 percent as a result of the ferrous sulfate treatment,
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resulting in a shift in the proportion of arsenic in the F1 fraction from 33 percent for the
control sample to less than 1 percent. Proportions of the more recalcitrant F2, F3, and F4
fractions also increased due to sequestration of the added arsenic. The higher proportion of
arsenic in F2 and very low dissolved arsenic concentrations observed in the ferrous sulfate
treatments (Figure 9) are also consistent with precipitation of symplesite under the short

cycle test conditions with pretreated groundwater.

3.5.2 Long Cycle Uptake Tests

SSE results for fill and outwash soil residues from the long cycle uptake tests are summarized

in Table 13 and Figures 18 and 19, respectively.

In the fill control sample, arsenic was predominantly distributed in the F2, F4 and F1
fractions in order of decreasing proportion, while for the outwash control sample, F2 and F1
were the dominant arsenic pools. The ferric chloride treatment resulted in an increase in
proportion of the F2 fraction at the expense of F1 in both soils, consistent with arsenic
uptake by adsorption on newly formed iron oxide precipitates. In the ferrous sulfate treated
soils, the soluble F1 arsenic fraction decreased in both soils and the F2 and F4 fractions

increased, consistent with arsenic sequestration in sulfide precipitates.

The siderite amended outwash soil also showed increases in both F2 and F4 fractions
consistent with arsenic uptake by iron oxides and sulfides, but had the lowest cumulative
arsenic uptake of the amendments tested. The zero-valent iron amended outwash soil had a
higher total arsenic uptake which was largely taken up in the F4 fraction suggesting strong

sequestration of arsenic in sulfide phases formed by the anaerobic corrosion of iron metal.

4 AMENDMENT RANKING

All the amendments tested were successful at decreasing dissolved arsenic concentrations in
groundwater to varying degrees. In groundwater batch tests, both ferric chloride and ferrous
sulfate achieved an order of magnitude reduction in dissolved concentrations. Slurry tests
showed slightly higher arsenic uptake with ferric chloride than ferrous sulfate treatment,

however sequential extraction data showed that ferrous sulfate sequestered arsenic more
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strongly in the solid phase. Ferrous sulfate is therefore the preferred amendment for

groundwater remediation by in situ injection at the site.

In groundwater batch tests, both siderite and zero-valent iron were also effective at reducing
dissolved arsenic concentrations by an order of magnitude or more. Slurry tests showed
much higher arsenic uptake by zero-valent iron than siderite, however, and sequential
extraction data showed that arsenic was sequestered more strongly by zero-valent iron. Zero-
valent iron is therefore the preferred media for a reactive barrier or as a reactive component
of a sediment cap to remove arsenic from groundwater prior to discharge to Lake Union at

the site.

5 SUMMARY AND RECOMMENDATIONS

e The geochemical investigation (Anchor QEA 2015) revealed that a significant proportion
of the dissolved arsenic in site groundwater was in the form of thioarsenate species.
Sulfide and pH were identified as key factors controlling the subsurface mobility of
arsenic at the site.

o It was also recognized that the potential effectiveness of in situ treatment was uncertain
due to limited prior knowledge with thioarsenates. A treatability testing program was
designed, focusing on manipulating pH and sulfide using iron-based amendments that
could either be injected or emplaced as a permeable reactive barrier or as a reactive
component of a sediment cap to remove arsenic from groundwater prior to discharge to
Lake Union. Treatability testing was performed with MW-36D groundwater which
represents the “worst case” scenario (highest arsenic, pH, and sulfide concentrations).

e Groundwater pH titrations confirmed that dissolved arsenic concentration (initially 76.4
mg/L) could be reduced by lowering pH from 9 to 6, however the lowest concentration
achieved was 8 mg/L (89% removal). This was found to be due to the persistence of
thioarsenate species.

e Groundwater batch testing assessed the addition of iron amendments (ferrous sulfate,
ferric chloride, siderite, and zero-valent iron) to reduce both pH and sulfide levels which
is expected to degrade the thioarsenates. The tests showed that arsenic concentrations
could be reduced by up to 99% but the reaction was slow (2 weeks). This presented a

challenge to completing remaining tests and making recommendations for the in situ
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injection system within the aggressive schedule imposed by upcoming site construction
activities.

e An accelerated test protocol was designed, in which groundwater was pretreated with an
oxidant to degrade sulfide and thioarsenate species, to assess the likely long-term
endpoint for treatments with the injectable amendments (ferric chloride and ferrous
sulfate). The accelerated tests showed that >99% arsenic removal (<200 pg/L) could be
achieved by ferric chloride and >99.9% (<30 pg/L) could be achieved by ferrous sulfate
after groundwater pretreatment with peroxide.

o Uptake test results with groundwater slurries containing either fill or outwash soil,
indicated that the soil matrix does not adversely impact treatment effectiveness.
Sequential extraction analysis of the treated soils showed that treatment sequestered
arsenic by reducing the readily soluble arsenic fraction and increasing the amount of
arsenic bound up in less soluble reactive fractions.

e Longer duration uptake tests under conditions more representative of the site (i.e.
without groundwater pretreatment) showed slower arsenic uptake due to the persistence
of recalcitrant thioarsenate species. In the field, it is anticipated that thioarsenates would
break down over a longer period of time, subsequent to in situ treatment, to arsenite and
arsenate, which would then be removed more rapidly. The longer duration uptake test
results also document stronger sequestration of arsenic by the ferrous sulfate than the
ferric chloride treatment.

e Slurry testing also demonstrated higher arsenic uptake and stronger sequestration by
zero-valent iron than siderite.

e Based on testing conducted with MW-36D groundwater, it is concluded that injection of
ferrous sulfate can reduce arsenic concentrations in groundwater by an order of
magnitude, and perhaps more over time as thioarsenate species are destabilized.

e Ferrous sulfate injection is expected to be more effective in areas where sulfide, dissolved
arsenic, and/or thioarsenate species concentrations are lower than at MW-36D.

e The potential for arsenic remobilization post-treatment depends on the geochemistry of
upgradient groundwater that will flow through the treated area. Review of supplemental
groundwater characterization data collected in September and October 2016
(GeoEngineers 2016) indicates that groundwater conditions in the fill and outwash
upgradient of the area targeted for in situ treatment are generally low in dissolved arsenic

and sulfide, and higher in dissolved iron concentrations, with near-neutral pH. These
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conditions are compatible with iron and arsenic sulfides that would precipitate within
the treatment area and also favorable for arsenic adsorption, therefore the potential for
arsenic remobilization is considered very low.

e Insitu treatment of groundwater using ferrous sulfate injection for arsenic removal is

recommended as an early action at the site.
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Table 1

MW-36D Groundwater Chemistry

Parameter Result! Units
Arsenic, total 86,700 (5,400) pg/L
Arsenic, dissolved 76,400 (6,300) pg/L
Arsenite [As(111)] 51,300 (200) pg/L
Arsenate [As(V)] 1,850 (10) pg/L
Monomethylarsonic Acid [MMAs] <20 pg/L
Dimethylarsinic Acid [DMAs] <20 pg/L
Arsenic, Unidentified Species? 42,600 (1,400) pg/L
Iron 1.53 (0.04) mg/L
Manganese 0.035 (0.001) mg/L
Calcium 2.85(0.31) mg/L
Magnesium 2.16 (0.37) mg/L
Sodium 945 (13) mg/L
Potassium 2.91(0.19) mg/L
Chloride 12.9(0.2) mg/L
Sulfate 599 (32) mg/L
Nitrate <0.1 mg/Las N
Phosphate 1.8(0.1) mg/L as P
Silicon 19.8 (0.4) mg/L
Alkalinity 941 (7) mg/L as CaCO3
Sulfide 158 (13) mg/L
Total Organic Carbon 135(1) mg/L
Total Dissolved Solids 2,810 (14) mg/L

Notes:

1. Average of 2 replicate samples. Standard deviation in parentheses. The samples were field-filtered.
2. Based on the chromatographic retention time and previous speciation studies (Anchor QEA 2015), the
unidentified species were tentatively identified as thioarsenates.

ug/L = micrograms per liter
mg/L = milligrams per liter
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Table 2

Fill and Outwash Soil Characterization

b Result! Unit
t nits
arameter Outwash Fill
Arsenic 16.4 (2.3) 179 (55) mg/kg
Iron 10,500 (300) 11,800 (500) mg/kg
Sulfide 27.8(2.7) 593 (458) mg/kg
Total Organic Carbon 0.125 (0.011) 4.79 (6.76) wt %
Total Solids 89.3(1.1) 77.5(2.8) wt %
Grain Size Distribution
>2mm 11.8 50.3 wt %
1-2mm 7.4 8.3 wt %
0.5-1mm 10.0 8.0 wt %
0.25-0.5mm 214 12.2 wt %
0.125-0.25 mm 14.0 10.1 wt %
0.074-0.125 mm 13.9 4.4 wt %
<0.125 mm 215 6.8 wt %
Notes:
1. Average of 2 replicate samples. Standard deviation in parentheses.
mg/kg = milligrams per kilogram
TOC = total organic carbon
wt % = weight percent
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Table 3

MW-36D Groundwater pH Titration Test 1 Results

Acid Added Final | Arsenic, total Arsenic, Arsenic Iron, total | Iron, dissolved
(meq/L) pH (ug/L) dissolved (ug/L) | Removal (%) (ng/L) (ug/L)
0.0 8.72 86,700 76,400 0 - 1,530
0.5 8.46 79,900 75,400 1 1,050 1,170
1.0 8.07 78,600 75,900 1 1,000 1,200
21 7.50 82,600 73,800 3 1,080 1,160
4.1 7.05 76,500 72,400 5 1,030 1,130
8.7 6.52 78,300 71,000 7 1,060 1,160
141 6.04 79,300 55,000 28 1,040 1,170
18.6 5.47 75,500 37,200 51 1,170 1,140
20.5 5.00 76,200 30,100 61 1,350 1,300
224 3.45 65,600 19,800 74 1,210 1,120
24.5 3.10 80,300 14,800 81 1,220 1,320
Notes:
meq/L = milliequivalents per liter
ug/L = micrograms per liter
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Table 4

MW-36D Groundwater pH Titration Test 2 Results

Acid Added Final | Arsenic, total Arsenic, Arsenic Iron, total | Iron, dissolved
(meq/L) pH (ng/L) dissolved (ug/L) | Removal (%) (ng/L) (ng/L)
0.0 8.72 86,700 76,400 0 - 1,530
0.5 8.42 69,700 77,600 0 1,700 1,570
1.3 7.88 77,300 77,800 0 1,700 1,520
2.0 7.52 81,300 69,400 9 1,650 1,590
3.7 7.09 81,800 73,600 4 1,690 1,510
8.6 6.50 84,600 48,500 37 1,660 1,570
133 6.05 83,900 29,500 61 1,640 1,500
17.6 5.54 87,300 18,000 76 1,590 1,520
18.2 5.21 83,100 13,800 82 1,550 1,490
18.8 4.64 85,000 11,900 84 1,590 1,500
19.5 4.25 85,700 11,000 86 1,610 1,500
20.3 3.37 48,500 9,370 88 1,650 1,520
21.5 2.89 14,200 8,630 89 1,620 1,500
Notes:
meq/L = milliequivalents per liter
ug/L = micrograms per liter
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Table 5
Nominal Amendment Doses for Groundwater Batch Tests

Amendment [Formula] Calculated Dose (g/L)
Ferric Chloride [FeCls-4H,0] 2.0
Ferrous Sulfate [FeSO4-7H,0] 5.1
Siderite [FeCOs] 1541
Zero-valent Iron [Fe?] 75

Note:
1. Adjusted for 80% purity and 2% moisture content based on vendor specifications g/L = grams per liter
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Table 6
Groundwater Batch Test Results

Treat : Dose Reaction Time oH ORP Arsenic Iron Arsenic Removal
reatmen
(days) (mV) (mg/L) (mg/L) (%)
2 8.78 -217 63.4 1.54 27
Control --
16 8.30 -129 95.3 1.55 -10
2 8.78 -216 65.9 1.51 24
Control B
Duplicate 16 8.15 | -123 87.8 1.54 1
2 6.83 -147 37.8 59.6 56
Y%
16 7.25 -133 18.3 6.10 79
Ferri 2 5.63 -32 16.5 132 81
erric 1
Chloride 16 560 | 18 7.43 134 91
2 2.11 474 18.3 333 79
2
16 2.15 465 25.1 561 71
Ferric 2 5.72 -54 13.2 148 85
Chloride 1
Duplicate 16 568 | -3 7.61 123 91
2 6.93 -220 49.2 291 43
Y%
16 5.96 -153 8.40 1,320 90
F 2 6.65 -200 53.7 625 38
errous 1
Sulfate 16 6.12 | -150 7.75 820 91
2 6.64 -207 51.6 1,680 40
2
16 6.01 -163 9.97 1,000 89
Ferrous 2 6.71 -202 51.2 703 41
Sulfate 1
Duplicate 16 6.04 | -144 7.64 837 91
2 7.53 -173 59.7 1.63 31
Y%
16 7.12 -45 11.1 0.83 87
Siderite 2 7.19 -156 56.0 1.79 35
1
16 6.90 -44 4,95 0.53 94
2 2 7.03 -135 37.5 1.78 57
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Treat X Dose Reaction Time oH ORP Arsenic Iron Arsenic Removal
reatmen
(days) (mV) (mg/L) (mg/L) (%)
16 6.47 24 0.19 0.42 99.8
Siderite . 2 7.17 -147 54.3 1.55 37
Duplicate 16 6.78 -33 3.62 0.75 96
2 9.31 -254 40.5 1.57 53
%
16 8.91 -161 12.4 1.24 86
2 9.36 -285 40.7 1.52 53
Zero-valent 1
Iron 16 9.49 -103 6.3 0.92 93
2 9.55 -262 42.4 1.49 51
2
16 9.66 -186 4.42 1.08 95
Zero-valent 2 9.38 -271 42.8 1.36 51
Iron 1
Duplicate 16 9.56 -159 7.3 0.94 92
Notes:

1. Arsenic removal calculated relative to initial groundwater concentration (86.7 mg/L)
Dose = relative to the nominal amendment doses listed in Table

mV = millivolts

mg/L = milligrams per liter

ORP = oxidation-reduction potential
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Batch Test Results for Pretreated Groundwater

Table 7

Pretreat ¢ Treatment Dose Arsenic Iron Arsenic Removal
retreatmen
(mg/L) (mg/L) (%)
Ferric Chloride YA 0.157 1.66 99.7
Ferrous Sulfate ¥ 0.035 184 99.9
Potassium Siderite 1 33.0 1.46 32
Permanganate
Zero-valent Iron 1 20.6 2.46 58
Control - 48.6 1.45 --
Ferric Chloride YA 0.224 1.50 99.8
Ferrous Sulfate YA 0.023 42.2 99.98
Hydrogen Siderite 1 68.5 1.50 29
Peroxide
Zero-valent Iron 1 17.9 0.63 82
Control - 96.7 1.49 --
Notes:
1. Arsenic removal calculated relative to the applicable pretreated groundwater control.
Dose = relative to the nominal amendment doses listed in Table 5
mg/L = milligrams per liter
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Table 8
Short Cycle Sequential Uptake Test Results for Outwash Soil with Pretreated Groundwater

. Arsenic
Treatment Replicate Cycle pH ORP s¢ Arsenic Iron Removal
(mV) | (uS/fem) | (mg/L) | (mg/L) (%)
1 7.47 | 178.6 4,120 84.2 1.45 6
1 2 7.48 78.9 4,211 86.2 1.47 3
3 8.12 66.5 4,200 75.9 1.57 15
4 7.90 64.2 4,376 91.0 1.43 -2
Control 1 | 730 | 2063 | 4,137 84.7 1.45
5 2 7.39 98.1 4,210 88.5 1.42 1
3 7.75 | 105.9 4,224 93.5 1.52 -5
4 7.86 82.6 4,388 101 1.41 -13
1 6.22 | 209.6 4,509 0.297 1.32 99.7
1 2 6.81 | 125.1 4,605 0.323 1.29 99.6
3 6.57 | 156.6 4,725 0.203 1.45 99.8
. . 4 6.18 | 164.2 4,797 0.254 1.17 99.7
Ferric Chloride 1 | 6.45 | 2144 | 4,413 0.740 1.45 99.2
2 6.87 | 130.5 4,601 0.396 1.26 99.6
2 3 6.88 | 175.8 4,709 0.309 1.37 99.7
4 6.28 | 158.8 4,849 0.380 1.07 99.6
1 6.11 -53.7 5,141 0.025 187 99.97
1 2 474 | 198.7 4,722 0.033 0.473 99.96
3 5.82 85.5 4,775 0.004 108 99.99
4 6.23 -39.3 4,886 0.005 226 99.99
Ferrous Sulfate 1 | 621 | 521 | 4,433 0.009 218 99.99
5 2 485 | 203.1 4,662 0.020 0.505 99.98
3 5.90 66.7 4,762 0.010 113 99.99
4 6.22 -55.6 4,976 0.007 206 99.99
Notes:
uS/cm = microseimens per centimeter
mg/L = milligrams per liter
mV = millivolts
ORP = oxidation-reduction potential
SC = specific conductance
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Table 9
Short Cycle Sequential Uptake Test Results for Fill Soil with Pretreated Groundwater

. Arsenic
Treatment Replicate Cycle pH ORP s¢ Arsenic Iron Removal
(mV) | (uS/fem) | (mg/L) | (mg/L) (%)
1 7.62 | 127.8 4,061 63.5 1.86 29
2 7.35 | 157.4 4,166 75.0 1.82 16
! 3 8.31 | 100.3 4,265 94.4 1.75 -6
4 8.08 | 114.2 4,389 95.3 1.68 -7
Control 1 | 765 | 1221 | 4,163 63.8 1.91 28
5 2 7.39 | 187.1 4,190 79.1 1.90 11
3 8.37 | 1075 4,266 95.6 1.71 -7
4 8.17 | 111.8 4,434 97.6 1.65 -9
1 6.65 62.3 3,992 0.374 0.676 99.6
1 2 6.33 | 233.1 4,499 0.376 1.04 99.6
3 7.25 | 184.4 4,688 0.369 0.820 99.6
. ) 4 6.55 | 178.5 4,898 0.362 0.860 99.6
Ferric Chloride 1 | 665 | 488 | 4,320 0.684 | 0867 | 992
2 6.31 | 238.1 4,531 0.204 0.988 99.8
2 3 6.84 | 216.3 4,681 0.300 0.860 99.7
4 6.23 | 181.7 4,797 0.206 0.710 99.8
1 6.29 -36.5 4,733 0.038 166 99.96
1 2 5.49 98.8 4,434 0.042 0.523 99.95
3 6.17 20.6 4,790 0.014 133 99.98
4 6.36 | -61.4 4,975 0.025 186 99.97
Ferrous Sulfate 1 | 638 | 592 | 4,805 0.042 194 99.95
5 2 5.38 96.5 4,717 0.031 0.394 99.97
3 6.13 31 4,769 0.008 102 99.99
4 6.30 | -58.4 5,006 0.014 155 99.98
Notes:
uS/cm = microseimens per centimeter
mg/L = milligrams per liter
mV = millivolts
ORP = oxidation-reduction potential
SC = specific conductance
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Table 10
Long Cycle Sequential Uptake Test Results for Outwash Soil with Anoxic Groundwater

. Arsenic
Treatment Replicate Cycle pH ORP s¢ Arsenic Iron Removal
(mV) | (uS/em) | (mg/L) | (mg/L) (%)
1 852 | 47.8 3,913 81.0 1.74 9
. 2 8.45 | 23.2 3,833 88.2 1.49 1
3 831 | 93.8 4,055 87.4 1.71 2
4 824 | 174 4,039 90.7 1.73 1
Control 1 | 869 | 424 | 4,001 NA NA NA
, 2 839 | 147 3,840 NA NA NA
3 838 | 17.8 3,880 87.3 1.69 1
4 833 | 187 4,017 NA NA NA
1 6.14 | -22.3 4,994 12.9 155 86
. 2 7.81 | -124.0 3,821 61.8 4.87 31
3 6.18 | -55.6 4,809 17.2 125 81
' ' 4 5.68 | 286 4,867 14.5 119 84
Ferric Chloride 1 | 621 | -307 5,063 NA NA NA
2 7.69 | -1483 3,773 NA NA NA
2 3 3.12 | 381.2 6,353 19.0 386 79
4 539 | 47.8 5,076 NA NA NA
1 6.41 | -142.8 5,229 18.8 637 79
. 2 7.53 | -140.2 3,771 58.1 7.36 35
3 6.53 | -150.2 5,260 32.4 632 64
4 6.58 | -177.0 5,091 25.9 613 71
Ferrous Sulfate 1 | 652 | -1506 | 5,362 NA NA NA
, 2 7.60 | -175.4 3,744 NA NA NA
3 6.36 | -137.2 6,610 29.0 1,490 68
4 6.51 | -153.8 5,292 NA NA NA
1 9.52 | 45.4 3,973 14.9 1.13 83
. 2 9.15 | -180.0 3,797 25.9 1.20 71
3 9.26 | -140.6 4,031 27.9 1.53 69
4 9.18 | -119.2 3,968 34.9 1.59 61
Zero-valent Iron 1 | 950 | 660 3,992 NA NA NA
5 2 9.15 | -151.7 3,794 NA NA NA
3 931 | -125.1 4,042 24.2 1.47 73
4 9.20 | -131.3 4,029 NA NA NA
1 781 | 17.4 3,910 53.9 1.40 40
. 2 8.12 | -118.38 3,719 72.1 1.58 19
Siderite 3 8.12 | -143.3 4,017 78.7 1.74 12
4 8.15 | -26.7 3,939 85.5 1.85 4
2 1 7.92 | 359 3,866 NA NA NA
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. Arsenic
Treat t Replicate | Cycle pH ORP S¢ Arsenic Iron Removal
reatmen
(mV) | (uS/fem) | (mg/L) | (mg/L) (%)
2 8.09 | -118.3 3,726 NA NA NA
8.10 | -149.6 4,041 79.4 1.71 11
4 8.01 -57.2 4,006 NA NA NA
Notes:
uS/cm = microseimens per centimeter
mg/L = milligrams per liter
mV = millivolts
NA = not analyzed
ORP = oxidation-reduction potential
SC = specific conductance
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Table 11
Long Cycle Sequential Uptake Test Results for Fill Soil with Anoxic Groundwater

. Arsenic
Treatment Replicate Cycle pH ORP s¢ Arsenic Iron Removal
(mV) | (uS/em) | (mg/L) | (mg/L) (%)
1 8.27 | -198.6 3,881 66.3 3.69 26
1 2 8.23 -33.5 3,813 64.9 1.89 27
3 8.02 -60.4 4,046 78.3 1.90 12
4 8.16 | -105.1 3,909 98.5 1.73 -10
Control 1 | 844 | 1872 | 3,920 NA NA NA
5 2 8.31 -3.5 3,830 NA NA NA
3 8.16 -43.9 4,018 79.9 1.97 11
4 8.21 -91.9 3,954 NA NA NA
1 6.43 | -107.3 5,034 10.3 110 88
1 2 7.79 -74.0 3,785 58.2 2.83 35
3 6.32 -92.7 4,840 26.9 111 70
. . 4 6.26 -66.9 4,963 23.0 147 74
Ferric Chloride
1 6.48 -90.7 4,992 NA NA NA
5 2 7.66 -88.9 3,817 NA NA NA
3 3.93 223.8 6,081 18.1 370 80
4 5.35 30.8 5,233 NA NA NA
1 6.41 | -145.7 5,282 20.0 535 78
1 2 7.19 | -163.5 3,829 54.2 16.7 39
3 6.57 | -162.7 5,166 44.2 587 51
4 6.68 | -173.5 4,859 30.0 465 66
Ferrous Sulfate
1 6.66 | -156.4 5,168 NA NA NA
5 2 7.23 | -158.2 3,775 NA NA NA
3 6.47 | -165.1 6,403 334 1,370 63
4 6.52 | -161.8 5,545 NA NA NA
Notes:
uS/cm = microseimens per centimeter
mg/L = milligrams per liter
mV = millivolts
NA = not analyzed
ORP = oxidation-reduction potential
SC = specific conductance
Arsenic Treatability Study Report December 2016

Gas Works Park Site 100366-01.02



Table 12

Selective Sequential Extraction Results for Short Cycle Uptake Tests

F1 F2 F3 F4 F5 Sum
Soil Treatment Soluble | Exchangeable | Reducible | Oxidizable | Residual (mg/ke)
(mg/kg) (mg/kg) (mg/kg) | (mg/kg) | (mg/kg)
Control 56 516 48 155 17 792
Fill Ferric Chloride 6.1 542 206 171 13.6 939
Ferrous Sulfate 0.7 927 220 333 17.1 1,498
Control 16 27 0.8 2.1 2.7 49
o h Ferric Chloride 12.8 344 87.5 39 2.8 486
utwas 6.7 598 147 152 43 908
Ferrous Sulfate
7.4 565 158 116 3.2 850
Notes:
mg/kg = milligrams per kilogram
F1 =1 M magnesium chloride, pH 8
F2 =1 M sodium phosphate, pH 5
F3 = 0.1 M hydroxylamine hydrochloride, pH 2
F4 =16 N nitric acid
F5 = residual solids after F4 extraction
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Selective Sequential Extraction Results for Long Cycle Uptake Tests

Table 13

F1 F2 F3 F4 F5 Sum
Soil Treatment Soluble | Exchangeable | Reducible | Oxidizable | Residual (mg/ke)
(mg/kg) (mg/kg) (mg/kg) | (mg/kg) | (mg/kg)
Control 37.6 98.1 7.8 55.4 25.2 224
Fill Ferric Chloride 35 2,130 73.7 184 55.8 2,450
Ferrous Sulfate 2.1 731 101 793 101 1,728
Control 10.7 17.0 0.6 1.9 3.4 33.6
Ferric Chloride 7.8 1,350 44.4 115 16.9 1,530
o n Ferrous Sulfate 5.9 356 34.4 205 30.4 632
utwas N 155 109 222 1,280 402 | 1,470
16.5 129 28.7 1,130 132 1,440
Siderite 104 95.6 5.2 55.0 45.2 2114
Notes:
mg/kg = milligrams per kilogram
F1 =1 M magnesium chloride, pH 8
F2 =1 M sodium phosphate, pH 5
F3 = 0.1 M hydroxylamine hydrochloride, pH 2
F4 =16 N nitric acid
F5 = residual solids after F4 extraction
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APPENDIX A
AMENDMENT DOSE CALCULATIONS




1 INTRODUCTION

Amendment doses for in situ treatment are calculated based on the acid neutralizing capacity
(ANC) of groundwater, which represents the net stoichiometric balance from acid-
consuming and acid-producing constituents (including the target contaminant species) that
react with the amendment constituents. For iron-based amendments, these constituent are
mainly represented by bisulfide (HS-), bicarbonate (HCOs), and hydroxyl (OH") ions. The
accompanying decrease in pH also destabilizes thioarsenate species (HxAsOyS>*20+2) which
decompose to produce additional bisulfide and ultimately arsenite (HsAsOs). With increasing
concentrations of arsenite and sulfide, groundwater eventually becomes saturated with and
precipitates arsenic sulfide (As2Ss). Injectable amendment doses are therefore calculated
based on the acid neutralizing capacity (ANC) of site groundwater. The acidity required to
neutralize MW-36D groundwater with pH 8.65 to a target pH endpoint of 5.0 (to maximize
decomposition of thioarsenates) is 18.2 milli-equivalents per liter (meq/L) as determined

from the titration experiment.

2 FERROUS SULFATE

Potential reactions of ferrous sulfate are listed in Table A-1.

Table A-1

Potential Acidity Producing Reactions for Ferrous Sulfate Amendment

No Reaction Stoichiometry Reaction Rate
1 Dissolution FeSOs = FeZ* + S04 Rapid

2 Iron sulfide precipitation Fe?* + HS => FeS(s) + H* Rapid

3 Carbonate precipitation Fe?* + HCOs; => FeCOs(s) + H* Slow

Each mole of ferrous sulfate dissolved produces 1 mole of ferrous iron (reaction 1). Ferrous
iron reacts with sulfide to precipitate iron sulfide and produce 1 equivalent (eq) of acid.
Ferrous iron can also react with bicarbonate (reaction 3) although carbonate precipitation is

relatively slow and as a first approximation can be neglected. When sulfide is present, ferrous
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Amendment Dose Calculations

sulfate will produce a net of 1 eq of acid per mole. This value was assumed in calculating the

nominal stoichiometric dose:

Stoichiometric dose = (ANC) / (net acidity/mole)
= (18.2 meg/L) / (1 eq/mole)
= 18.2 mmol/L
=5.1 g [FeSO+7H20]/L

3 FERRIC CHLORIDE

Potential reactions of ferric chloride are listed in Table A-2.

Table A-2

Potential Acidity Producing Reactions for Ferric Chloride Amendment

No Reaction Stoichiometry Reaction Rate
1 Dissolution FeCl; = Fe3*+3 CI Rapid
2 Hydrolysis Fe3* + 3 H,0 = Fe(OH)s(s) + 3 H* Rapid
3 Sulfide oxidation Fe3* +0.125 HS" + 0.5 H,0 = Fe?* + 0.125 SO4% + 1.125 H* Rapid

Iron sulfide 5 .
4 o Fe?* + HS => FeS(s) + H* Rapid
precipitation
Organic matter i
5 o 4 Fe3* + CH,0 + 2 H,0 = 4 Fe?* + HCOs + 5 H* Slow
oxidation
Carbonate
6 Fe?* + HCOs => FeCOs(s) + H* Slow

precipitation

Each mole of ferric chloride dissolved can potentially produce 3 eq of acidity (reactions 1 and
2); however the actual amount will be less if other reactive constituents such as sulfide are
present. Each mole of sulfide consumes 8 moles of ferric iron to produce 8 moles of ferrous
iron of sulfate and 9 eq of acidity (reaction 3). Each mole of ferrous iron produced will also
react with 1 mole of sulfide to precipitate iron sulfide and produce 1 additional eq of acid
(reaction 4). Reactions 5 and 6 can generally be neglected as a first approximation because

they are very slow. Therefore, when sulfide is present, ferric chloride will only produce a net

Arsenic Treatability Study Report December 2016
Gas Works Park Site A-2 100366-01.02



Amendment Dose Calculations

of 2.125 eq of acid per mole. This value was assumed in calculating the nominal

stoichiometric dose:

Stoichiometric dose = (ANC) / (net acidity/mole)
= (18.2 meq/L) / (2.125 eg/mole)
= 8.6 mmol/L
=2.0 g [FeCl3-4H.0]/L

4 SIDERITE AND ZERO-VALENT IRON

The nominal dose calculated for siderite and zero-valent iron were based on a molar iron to
arsenic concentration in groundwater ratio of 1,000. The arsenic concentration in MW-36D
groundwater is 1.02 mmol/L. The nominal dose for siderite and zero-valent iron is 1.02
mol/L or 118 g [FeCOs]/L and 57 g [Fe]/L.
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"
INJECTION WELLS ‘(’
GROUND |
SURFACE AT \ i
o /
NORTHING EASTING TIME OF TOPOF 907 | i
WELL ID INSTALLATION ELBOW* \ /
(MARCH - APRIL |
2017) \ j
\
WA STATE PLANE, NORTH ELEVATION FT (NAVD88) /
ZONE, NAD83, US FT \ /
Al 239171.14 [ 1270661.05 26.75 25.04 \ /
A2 239154.91 [ 1270651.15 26.87 24.92 ! /
A3 239134.46 | 1270648.11 26.99 25.50 | /
A4 239115.96 | 1270637.76 27.44 25.58 \ {
A5 239088.96 | 1270634.15 29.38 26.86 Vo
B1 239170.51 | 1270686.12 26.83 24.19 v
B2 239156.70 | 1270679.68 26.64 24.40 (
B3 239148.72 [ 1270679.61 26.61 24.18 s
B4 239136.33 | 1270678.98 26.76 24.38
B5 239131.24 [ 1270677.21 26.76 24.31
B6 239116.94 [ 1270674.15 27.00 24.50
B7 239103.60 | 1270658.44 27.33 24.69
B8 239085.68 | 1270661.88 29.44 26.44
c1 239171.07 [ 1270717.40 31.11 25.87
c2 239163.52 [ 1270711.53 30.81 25.92
c3 239153.65 | 1270710.85 30.80 26.03
c4 239143.04 [1270710.36 30.69 26.37
c5 239135.08 | 1270708.63 30.73 26.14
C6 239119.81 [ 1270702.75 30.90 26.30
c7 239116.76 | 1270698.62 30.87 26.30
c8 239110.16 | 1270688.96 30.88 26.39
c9 239080.68 | 1270689.61 28.96 26.50
C10 239072.82 [ 1270717.81 28.30 25.67
c11 239080.59 | 1270743.78 27.45 24.73
c12 239095.06 | 1270758.65 27.43 2451
D1 239170.34 | 1270735.83 30.77 25.97
D2 239166.43 | 1270735.63 30.56 25.82
D3 239152.19 [1270736.47 30.33 25.80
D4 239149.00 [1270736.02 30.44 25.95
D5 239131.33 [ 1270735.09 30.41 26.01
D6 239127.76 | 1270735.17 30.56 25.94
D7 239113.05 [ 1270730.11 27.99 25.63
D8 239109.15 [1270729.73 28.03 25.48
D9 239098.48 | 1270727.69 27.82 25.19
D10 239095.41 | 1270726.05 27.88 25.29
A. TOP OF 90° ELBOW IS THE HIGHEST POINT ON THE INJECTION WELLS. SEE
SHEET 8.0 FOR WELL SCHEMATIC.
MONITORING WELLS
NORTHING EASTING ToP OFNTA TOP OF PVC
WELL ID MONUME CASING
4 \,
WA STATE PLANE, NORTH N
ELEVATION FT (NAVD88) Y |
ZONE, NAD83, US FT e .
MW-41S | 239123.85 | 1270626.07 B 29.02 s
MW-41D | 239126.07 | 1270628.03 B 29.19
Mw-42s | 239153.02 | 1270667.56 B 27.82
Mw-43s | 239087.49 | 1270677.38 29.37 29.03
MW-44s | 239159.31 | 1270720.72 B 30.29
MW-45S | 239142.50 | 1270725.64 B 30.74
MW-45D | 239138.49 [ 1270727.34 B 30.00 P
MW-46S | 239143.44 | 1270760.23 25.41 24.84
MW-46D | 239148.59 [ 1270760.61 25.40 24.92 v d
Mw-47S | 239111.94 | 1270743.90 B 29.80 /
MW-48D | 239081.86 | 1270756.15 27.27 2680 |
MW-49D | 239063.29 [1270775.15 26.75 26.15
MW-50D | 239117.04 [1270793.29 25.52 25.06
MW-51S | 239136.65 | 1270795.79 25.74 25.37
MW-52D | 239147.84 | 1270796.96 25.76 25.31
A. TOP OF MONUMENT IS THE HIGHEST POINT ON THE MONITORING WELLS. THE]|
WELL MONUMENTS ARE FLUSH WITH GROUND SURFACE. SEE SHEET 8.0 FOR
WELL SCHEMATIC.
B. WELL DOES NOT CURRENTLY HAVE A FINISHED MONUMENT AND IS IN
CONSTRUCTION SEQUENCING STAGES DESCRIBED IN SHEET 6.0 OR 7.0 AND
MONUMENT COMPLETION WILL FOLLOW SPR CONSTRUCTION.
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EXISTING ASPHALT 5014 STANDARD SPECIFICATIONS. (THICKNESS CLEARANCE ON EACH SIDE BETWEEN THE OUTSIDE OF THE
EXISTING BASE COURSE EQUAL TO EXISTING ACP THICKNESS) PIPE BARREL AND THE FACE OF THE EXCAVATION
EL. 29.5 (NAVD8S) /! EL. 26.7 (NAVD8S) EL. 27.4 (NAVD88) EL. 26.6 (NAVD8S)
\ D —— EXISTING SAND SURFACE e
EXISTING SAND SURFACE -] THICKNESS VARIES e
A THICKNESS VARIES (REMOVE AND REPLACE)
2 \ (REMOVE AND REPLACE)
=z - =z =z =z
z b~ z z z
N N N N
- - - DETECTABLE UNDERGROUND CAUTION TAPE -
(3-IN TAPE WIDTH WITH IMPRINTED
WARNING 'BURIED PIPELINE', EASILY
DETECTABLE UNDERGROUND CAUTION TAPE — DETECTED BY ELECTRONIC PIPE LOCATORS)
sz e sall (3-IN TAPE WIDTH WITH IMPRINTED 2 - / \_ -
z —_—— WARNING 'BURIED PIPELINE', EASILY - s < z
9 DETECTED BY ELECTRONIC PIPE LOCATORS) “ = | 0 ——— UNSUITABLE MATERIALS INCLUDING DEBRIS, LUMPS, —— "> | B
L —] AND CLODS AND STONES OR ROCKS GREATER THAN [T
[ 7777~ UNSUITABLE MATERIALS INCLUDING DEBRIS, ——— /400 < 2-INCHES IN DIAMETER SHALL BE REMOVED FROM THE
LUMPS, AND CLODS AND STONES OR ROCKS BACKFILL. ENSURE BACKFILL ZONE IS FREE OF VOIDS. |
GREATER THAN 2-INCHES IN DIAMETER
SHALL BE REMOVED FROM THE BACKFILL. /- . N N
ENSURE BACKFILL ZONE IS FREE OF VOIDS. z z z
> = = \ EXCAVATE TRENCH TO INSTALL =
= INJECTION PIPE. BACKFILL WITH
EXCAVATE TRENCH TO INSTALL EXCAVATED SOIL AND COMPACT
INJECTION PIPE. BACKFILL WITH TO FIRM AND NON-YIELDING CONDITION
EXCAVATED SOIL AND COMPACT | i
TO FIRM AND NON-YIELDING CONDITION
| O O O O\ EXCAVATED TRENCH TO INSTALL INJECTION PIPE. //O Or ] =
Y BACKFILLED WITH CONTROLLED DENSITY FILL. z
- EXCAVATED TRENCH TO INSTALL INJECTION PIPE. N o I
= .\ BACKFILLED WITH CONTROLLED DENSITY FILL. 2 L0 O O |
[
=z z
* = pe EXISTING SUBGRADE
EXISTING SUBGRADE
1IN SCHEDULE 80 PVC =
1IN SCHEDULE 80 PVC INJECTION PIPE o
INJECTION PIPE
21N (TYP) 21N (TYP)
PIPE BEDDING AND INSTALLATION PIPE BEDDING AND INSTALLATION
PER CITY OF SEATTLE STANDARD PER CITY OF SEATTLE STANDARD
SPECIFICATIONS SPECIFICATIONS
VIEW ALONG TRENCH ALIGNMENT - ASPHALT PATHWAY VIEW ALONG TRENCH ALIGNMENT - PLAYGROUND VIEW ALONG TRENCH ALIGNMENT - PLAYGROUND VIEW ALONG TRENCH ALIGNMENT - PLAYGROUND
1 L] 1 1
CROSS-SECTION A-A' /A CROSS-SECTION B-B' /B CROSS-SECTION C-C' /C CROSS-SECTION D-D' /D)
SCALE: NOT TO SCALE 5.0 SCALE: NOT TO SCALE 5.0 SCALE: NOT TO SCALE 5.0 SCALE: NOT TO SCALE 5.0
SCALE: NOT TO SCALE 5.0
EXISTING ASPHALT LOCKABLE
CONTRACTOR SHALL PROVIDE SURFACE ? TRAFFICRATED |
PIPE VAULT INTERIOR METAL STAMPED WELL ID'S VAULT COVER
FOR EACH INJECTION WELL WATERTIGHT COVER
PIPE INSIDE THE VAULT L ]
1IN FEMALE CAMLOCK
- COUPLER, NYLON/FRP
WITH PLUG 1IN FEMALE CAMLOCK
COUPLER, NYLON/FRP
WITH PLUG
STRUT AND BRACKET TO g
1IN FULL-PORT BALL SECURE THE INJECTION 1IN FULL-PORT BALL
L WEST VAULT
z DEPTH OF VAULT VARIES. CONTRACTOR
VALVE, STAINLESS STEEL PIPE TO WALL OF VAULT z VALVE, STAINLESS STEEL T0 ENSURE VAULT HAS ADEQUATE CONTRACTOR INSTALLED OLDCASTLE PRECAST
N DEPTH TO ALLOW FOR REQUIRED VAULT MODEL 444-LA AND WATER TIGHT LID
ENSURE WATERTIGHT NUMBER OF INJECTION PIPE EASTVAULT
CONNECTION FOR PIPE PENETRATIONS PER REQUIREMENTS EAST VAULT
1IN SCH 80 PVC 1IN SCH 80 PVC
™ TEEWITH 0-60 PSI PENETRATIONS AT THE VAULT N TeE WITH 0.60 PSI AT EACH LOGATION CONTRACTOR INSTALLED OLDCASTLE PRECAST
VAULT MODEL 504-LA AND WATER TIGHT LID
P P P PRESSURE GAUGE PRESSURE GAUGE (MINIMUM 6 INCHES FROM THE
SLOPE (MIN % = 0.5%) \ BOTTOM OF THE VAULT)
— — — INJECTION PIPE FROM VAULT
STRUT AND T TO WELL POINT CONNECTION INJECTION PIPE
BRACKET TO (TYP)
SECURE THE | ‘
INJECTION PIPE TO o< | (
WALL OF VAULT 1 CONCRETE
| _—— 1INSCH 80 PVC FROM z VAULT
/ INJECTION WELL ©
——— 1IN SCH 80 PVC MIN 6 IN STABLE
SWEEP FITTING BASE MATERIAL =
90° BEND (TYP) \
* VAULT BEDDING AND INSTALLATION
SHALL BE PERFORMED PER o
MANUFACTURER'S RECOMMENDATIONS
ULT PIPING DETAIL INJECTION SYSTEM VAULT DETAIL m )
SCALE: NOT TO SCALE SCALE: NOT TO SCALE 5.0 Know what's below. .
Call before you dig.
NO. DATE BY REVISION GAS WORKS PARK SITE DRAWN: CFS | PROJNO:0186-846-01
PLAY AREA GROUNDWATER INFRASTRUCTURE INSTALLATION AS-BUILT ] DESIGN: SMS | SHEET 6 0F9
SEATTLE, WASHINGTON CHECKED: CLB | DATE: 08.30.2017
SHEET NO.

600 STEWART ST : SUITE 1700 : SEATTLE, WA 98101 : 206-728-2674 : WWW.GEOENGINEERS.COM

TRENCHING AND INJECTION SYSTEM DETAILS

5.0

AS-BUILT
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Plotted: 08/29/2017, 21:03 | cstickel

LOCKING WELL CAP

16-IN X 16-IN (INSIDE) BY 12-IN TALL
WOOD FORM WITH COVER FOR
PROTECTION DURING GRADING

1 T T

EXISTING BRICK
SURFACE, REMOVE

WELL CONDITION DURING CONSTRUCTION (STAGE 1)

NOTES:

PRIOR TO MOBILIZATION BY SPR RENOVATION CONTRACTOR.
2. MONITORING WELL PROTECTION INSTALLED BY WELL DRILLER.

AS NEEDED WATERTIGHT 3-BOLT MANHOLE DRILLER POUR CONCRETE
EXISTING SUBGRADE, (SEE MONUMENT DETAIL 2) MONUMENT BASE AND
NEW BRICKS TO BE
EXPOSE AS NEEDED PLACED BY SPR REMOVE FORM
|-———————— SONOTUBE OR
SIMILAR FORM
CONCRETE
CONCRETE
@ —~—-—————— BENTONITE SEAL
WELL CASING
WELL CONDITION DURING CONSTRUCTION (STAGE 2) FINAL WELL CONDITION (STAGE 3)
COMPLETED TO BE COMPLETED TO BE COMPLETED
NOTES: NOTES:
1. MONITORING WELL INSTALLATION COMPLETED BY LICENSED WELL DRILLER 1. SPR RENOVATION CONTRACTOR COMPLETES BACKFILL AND BRICK LAYING 1. LICENSED WELL DRILLER TO INSTALL WELL MONUMENT AT REQUIRED
AROUND PROTECTED MONITORING WELL. CONTRACTOR TO EXERCISE ELEVATION BASED ON SURROUNDING BRICK SURFACE. WELL DRILLER TO
CAUTION DURING BACKFILLING OPERATIONS AND PROTECT THE REMOVE WOOD FORM AND POUR CEMENT MONUMENT BASE FLUSH WITH
MONITORING WELL FROM DAMAGE. SURROUNDING BRICK.
3. TEMPORARY WELL PROTECTION COMPLETED BY WELL DRILLERS JUNE 2017.
2. SPR RENOVATION CONTRACTOR TO NOTIFY GEOENGINEERS AFTER
COMPLETION OF BRICK LAYING ACTIVITIES.
3. ALLOW APPROXIMATELY 90-180 DAYS FOR BRICK INSTALLATION BY SPR.
SCALE: NOT TO SCALE 6.0

16-IN X 16-IN CONCRETE 9-3/4-IN DIAMETER MONUMENT

MONUMENT BASE, DYED RED TO (SEE DETAIL 2 - MONUMENT DETAIL)
MATCH EXISTING BRICK

GASKET // | l\- I/ |

12-INCH
STEEL OR \
FINAL 12-IN X 6-IN
GALVAQ%E? DIMENSIONS | | | | BRICK SURFACE, BY SPR

SIZE A B
8-IN MANHOLE 9-3/4IN | 85/8IN | | |

NV

S

]

MONITORING WELL SURFACE
MONUMENT DETAIL 2\ COMPLETION IN BRICK SURFACE /30

SCALE: NOT TO SCALE 6.0 SCALE: NOT TO SCALE 6.0

Know what's below.

Call before you dig.

NO.

DATE

BY

REVISION GAS WORKS PARK SITE DRAWN: CFS | PROJNO:0186-846-01
PLAY AREA GROUNDWATER INFRASTRUCTURE INSTALLATION AS-BUILT || pEsiaN: sms | sHeer 7 oF o
G EO E N G I N E E RS SEATTLE, WASHINGTON GHECKED: CLB | DATE: 08.30.2017
MONITORING WELL SURFACE COMPLETION SHEET NO.

CONSTRUCTION SEQUENCING

600 STEWART ST : SUITE 1700 : SEATTLE, WA 98101 : 206-728-2674 : WWW.GEOENGINEERS.COM

BRICK PLAZA

6.0

AS-BUILT
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16-INCH PVC SCHEDULE 80 PIPE WITH
CAP FOR PROTECTION DURING
GRADING. EXTEND TO 2 FEET ABOVE

ANTICIPATED FINAL GRADE

LOCKING WELL CAP \

| !

-
o
S FUTURE FINAL
GRADE

EXISTING / ;

EXTEND VAPOR
BARRIER 2 INCHES
UP EDGE OF PVC PIPE
BY SPR

WATERTIGHT 3-BOLT MANHOLE

(SEE MONUMENT DETAIL 2) \

COMPACTED
AGGREGATE
BY SPR

VAPOR BARRIER
BY SPR

CUT PVC PIPE AT
AGGREGATE SURFACE
AND REMOVE

CONCRETE

PLAYGROUND SAND )
N A N
SN
L2 CONCRETE
R L
AN 2
/&//\\\/\\‘;‘ W BENTONITE SEAL
EXISTING ////// i 24
NN N
SUBGRADE /7/\\///\ i /\\/
R R
N N
e
/\
N
WELL CONDITION DURING CONSTRUCTION (STAGE 1) WELL CONDITION DURING CONSTRUCTION (STAGE 2) WELL CONDITION DURING CONSTRUCTION (STAGE 3)
COMPLETED TO BE COMPLETED TO BE COMPLETED
NOTES: NOTES: NOTES:
1. MONITORING WELL INSTALLATION SHALL BE COMPLETED BY LICENSED 1. SPR RENOVATION CONTRACTOR WILL COMPLETE AGGREGATE 1. LICENSED WELL DRILLER TO SET MANHOLE AND CONCRETE BASE AT
WELL DRILLER PRIOR TO MOBILIZATION BY SPR RENOVATION CONTRACTOR. BACKFILLING AND GRADING TO PVC PROTECTION PIPE. CONTRACTOR TO PROPOSED ELEVATION OF PIP SURFACE TO BE INSTALLED BY SPR.
2. MONITORING WELL PROTECTION SHALL BE INSTALLED BY WELL DRILLER. EAXOE’\'T;'(?;’SQU\L?& Egg"\;‘%m%?'—”m OPERATIONS AND PROTECT THE 2. AFTER CONCRETE BASE SETS, LICENSED WELL DRILLER TO CUT PVC PIPE
3. TEMPORARY WELL PROTECTION COMPLETED BY WELL DRILLERS JUNE 2017. ) FORM WITH SURROUNDING AGGREGATE SURFACE AND REMOVE.
2. SPR RENOVATION CONTRACTOR WILL NOTIFY GEOENGINEERS AFTER 3. SPR CONTRACTOR T0 INSTALL PIP SURFAGE FLUSH WITH WELL
BACKFILLING. " MONUMENT
3. ALLOW APPROXIMATELY 90-180 DAYS FOR INSTALLATION BY SPR.
MONITORING WELL SURFACE COMPLETION CONSTRUCTION SEQUENCING - POURED IN PLACE FINAL SURFACE m
SCALE: NOT TO SCALE 7.0
16N DIAMETER 9-3/4-IN DIAMETER MONUMENT
CONCRETE MONUMENT BASE. DYE (SEE MONUMENT DETAIL)
CONCRETE TO MATCH PIP MATERIAL SET FLUSH WITH SURROUNDING PIP
A 4—‘ SURFACE
P
GASKET /
12-INCH
STEEL OR \
GALVANIZED DIMENSIONS
SKIRT \
< > [TsizE A B PIP RUBBER SURFACE
BY SPR
8-IN MANHOLE 9-3/4IN | 85/8IN
S —
lo
MONITORING WELL SURFACE COMPLETION IN
MONUMENT DETAIL m POURED-IN-PLACE (PIP) RUBBER SURFACE 3
SCALE: NOT TO SCALE 7.0 SCALE: NOT TO SCALE 7.0 Know what's below.
Call before you dig.
NO. DATE BY REVISION GAS WORKS PARK SITE DRAWN:  CFS PROJ NO:0186-846-01
PLAY AREA GROUNDWATER INFRASTRUCTURE INSTALLATION AS-BUILT ]| DESIGN: SMS | SHEET 8 O0F9
SEATTLE, WASHINGTON CHECKED: CLB | DATE: 08.30.2017
EOENGINEERS S

600 STEWART ST : SUITE 1700 : SEATTLE, WA 98101 : 206-728-2674 : WWW.GEOENGINEERS.COM

MONITORING WELL SURFACE COMPLETION
CONSTRUCTION SEQUENCING

PLAYGROUND

7.0

AS-BUILT
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DEPTH
ELEVATION FEET
(FEET BELOW GROUND THICKNESS (FEET)
WELL (NAVD8S8) SURFACE AT TIME OF
SCREEN INSTALLATION) [ SCREEN SAND | o o7
SEE INJECTION 1-INCH DIAMETER, 24-INCH LONG FLEX WELL ID GEOLOGIC LENGTH FILTER | 8
WELL MONUMENT PIPING AND CONNECTION. PTEE TUBING WITH TYPE 304 SS TOPOF (FEET) PACK
TRENCH DETAIL ON JACKET, TYPE 303 SS THREADED END FITTINGS. UNIT TOP OF BENTONITE | SAND FILTER
LOCKED VACUUM FOR PIP RUBBER OR BRICK SURFACE SHEET 5.0 TOP OF NEAT | BENTONITE | TOP OF | SCREEN | SCREEN | SCREEN | SCREEN concrere | NEAT GHIE? | FACKABOVE
SEAL CAP SEE SHEETS 6.0 AND 7.0 SURFACE CONCRETE CHIP/ | SAND | START | END START END CEMENT
COMPLETION DETAILS CEMENT | - ouTSEAL GROUT SEAL|  SCREEN
FINAL GROUND SURFACE EXISTING GROUND SURFACE INJECTION WELLS
? AL FILL 24.6 225 22.5 215 | 205 | 150 6.3 11.8 5.5 2.1A 0.0 1.0 1.0 6/9 50
BACKFILL WITH A2 FILL 243 23.2 23.2 22.2 21.2 15.7 51 11.2 5.5 1.1A 0.0 1.0 1.0 6/9 50
2eINCHMIN ZEENCSFE'EDD?LIIL%R A3 FILL 25.0 229 229 | 219 | 209 | 159 6.1 111 50 21A 0.0 10 10 6/9 | 50
| J A4 FILL 25.1 233 23.3 223 | 213 | 178 6.2 9.7 35 18A 0.0 10 1.0 6/9 50
CONGRETE A ﬁ a A5 FILL 26.5 24.8 24.8 238 | 233 | 183 6.1 11.1 5.0 17 0.0 1.0 0.5 6/9 50
— TO VAULT
ot TABLE FOR THICKNESS AND :': BL FILL 237 223 223 | 213 | 203 | 108 65 160 95 14A 00 10 10 6/9 | 50
SEE SHEETS 6.0 AND 7.0 FOR B2 FILL 24.0 21.8 21.8 208 | 198 | 108 6.9 15.9 9.0 22A 0.0 1.0 1.0 6/9 50
L \
SURFACE COMPLETION DETAILS) - 2-INCH SCHEDULE 80 PVC B3 [outwasH| 235 215 11.0 10.0 9.0 25 17.6 24.1 6.5 2.0 105 1.0 1.0 10/20 | 20
90 DEGREE ELBOW B4 FILL 239 219 219 | 209 | 199 | 134 6.9 134 6.5 20 0.0 10 10 6/9 | 50
SC&‘-E"E%':EF’;g B5 |outwasH| 238 21.8 11.3 10.3 9.3 23 175 245 7.0 2.0 105 1.0 1.0 10/20 | 20
TO VAULT B6 FILL 24.0 224 22.4 214 | 204 | 139 6.6 13.1 6.5 1.6 0.0 10 1.0 6/9 50
2—INCS LimEVLJLEJtE égsl;\%/g ¢———— BENTONITE CHIP (SEE SHEET 5.0) B7 FILL 24.3 224 224 214 | 204 | 154 7.0 12.0 5.0 19A 0.0 10 1.0 6/9 50
AND/OR GROUT SEAL $——— CONCRETE AND/OR
WITH THREADED JOINTS (SEE TABLE FOR THIGKNESS) R e B8 FILL 25.9 23.9 23.9 229 | 219 | 164 75 13.0 5.5 20 0.0 1.0 1.0 6/9 50
(SEE TABLE FOR c1 FILL 25.4 228 22.8 218 | 208 | 133 103 17.8 75 26 0.0 10 1.0 6/9 50
2 INCH SCHEDULE 40 PVC WELL CONCRETE DETAILS) c2 FILL 25.4 228 22.8 218 | 208 | 128 10.0 18.0 8.0 26 0.0 1.0 1.0 6/9 50
A CASING WITH THREADED JOINTS c3 |outwasH| 255 21.8 10.8 9.8 8.8 0.8 22.0 30.0 8.0 3.7 11.0 1.0 1.0 10/20 | 20
1 SAND FILTER PACK I ca FILL 25.9 23.2 23.2 222 | 212 | 157 9.5 15.0 5.5 2.7 0.0 1.0 1.0 6/9 50
ABOVE SCREEN c5 |[outwasH| 256 21.4 9.4 8.4 74 0.4 23.3 30.3 7.0 42 120 1.0 1.0 10/20 | 20
( A BENTONITECHIP c6 FILL 25.9 22.1 21.6 206 | 196 | 166 11.4 14.4 3.0 338 05 10 1.0 6/9 50
AND/OR GROUT SEAL c7 OUTWASH| 25.8 24.8 122 11.2 | 10.2 3.2 20.7 27.7 7.0 1.0 126 1.0 1.0 10/20 | 20
o] L I c8 FILL 25.9 236 236 226 | 216 | 164 9.3 14.8 5.5 23 0.0 10 1.0 6/9 50
SAND FILTER PACK c9 FILL 26.0 22.7 22.7 21.7 | 207 | 157 8.3 133 5.0 33 0.0 10 1.0 6/9 50
ABOVE SCREEN c10 |[outwasH| 252 23.0 135 125 | 115 05 16.8 27.8 11.0 22 95 1.0 1.0 10/20| 20
. NATIVE SOIL c11 |outwasH| 239 224 10.9 9.9 8.9 3.1 18.6 306 12.0 15 115 10 1.0 10/20 | 20
c12 [outwasH| 240 21.2 5.2 42 32 5.8 24.2 33.2 9.0 28 16.0 10 1.0 10720 | 20
D1 FILL 255 21.7 20.7 197 | 187 | 127 12.1 18.1 6.0 338 10 10 1.0 4/8 90
D2 |OoUTWASH| 253 21.8 12.8 118 | 108 13 19.7 29.2 95 35 9.0 1.0 1.0 10/20 | 20
10/20 SILICA SAND g:EIECCASF?IVI\E‘SD FILTER PACK, D3 FILL 25.3 215 20.5 195 185 115 11.8 18.8 7.0 3.8 1.0 1.0 1.0 4/8 90
2-INCH SCHEDULE 40 PVC WELL FILTER PACK D4 |outwasH| 253 203 9.3 8.3 73 4.7 23.1 32.1 9.0 5.0 11.0 1.0 1.0 10/20| 20
SCREEN, 0.010-INCH SLOT WIDTH, 5 (SEE TABLE)
OR 10 FEET SECTIONS D5 FILL 25.6 224 21.4 204 | 194 9.4 11.1 21.1 10.0 32 10 10 1.0 4/8 90
(SEE TABLE FOR WELL SCREEN D6 |OUTWASH| 254 215 9.5 85 75 25 23.0 33.0 10.0 39 120 10 1.0 10/20| 20
DETAILS AND VERTICAL PLACEMENT) 2.INCH 304 STAINLESS STEEL WELL SCREEN D7 FILL 249 213 213 203 | 193 | 123 8.7 15.7 70 36 0.0 10 10 48 | 90
(SEE TABLE FOR SCREEN DETAILS E
AND VERTIGAL PLACEMENT) D8 |ouTwASH| 246 19.6 11.0 100 | 90 3.0 19.1 31.1 12.0 5.0 8.6 1.0 1.0 10/20 [ 20
D9 |OoUTWASH| 246 226 11.6 106 | 96 24 18.2 30.2 12.0 20 11.0 10 1.0 10/20 | 20
D10 FILL 24.7 21.1 21.1 201 | 194 | 141 8.8 13.8 5.0 36 0.0 10 1.0 4/8 90
MONITORING WELLS
MW-41S | FILL 27.6 - 26.1 246 | 241 | 194 5.5 10.5 5.0 15 0.0 15 0.5 10/20| 10
MW-41D | OUTWASH| 265 - 25.0 122 | 107 0.7 18.8 28.8 10.0 15 0.0 1238 15 10/20| 10
NATIVE SOIL Mw-42s | FILL 26.6 - 25.6 241 | 231 | 181 3.8 8.8 5.0 1.0 0.0 15 1.0 10/20 | 10
Mw-43s [ FILL 28.5 - 26.8 230 | 215 | 165 7.8 12.8 5.0 1.7 0.0 338 15 10/20 | 10
Mw-44s | FILL 30.2 - 28.3 248 | 234 | 134 74 17.4 10.0 19 0.0 35 14 10/20| 10
NI MW-455 | FILL 20.3 - 27.8 258 | 240 | 140 6.8 16.8 10.0 15 0.0 2.0 18 10/20 | 10
| 0.6 FT THREADED END CAP WELDED 0.07-FT END CAP FOR e G
= FILL WELLS OR 1.07-FT SUMP FOR Mw-45D | ouTwasH| 298 - 283 7.3 5.2 0.2 25.6 30.6 5.0 15 0.0 21.0 2.1 10/20 | 10
OUTWASH WELLS MW-46S | FILL 24.4 - 23.0 205 | 180 8.0 75 175 10.0 14 0.0 25 25 10/20 | 10
MW-46D | OUTWASH|  24.4 - 23.4 2.9 0.9 4.1 24.5 295 5.0 10 0.0 205 2.0 10/20 | 10
Mw-475 | FILL 293 - 28.0 195 | 157 | 107 14.8 19.8 5.0 13 0.0 85 3.8 10/20 | 10
8%, INCHES 8%, INCHES Mw-48D | ouTwasH| 262 - 24.7 5.7 4.7 5.3 225 325 10.0 15 0.0 19.0 1.0 10/20 | 10
—=1  DIAMETER  [=— —=1  DIAMETER  f=— MW-49D | oUTWASH| 256 - 22.2 3.7 2.1 79 24.6 34.6 10.0 34 0.0 185 1.6 10/20| 10
BORING BORING MW-50D | OUTWASH| 245 N 230 | 40 | 41 | o1 296 346 5.0 15 00 240 31 10/20 | 10
MW-51S | FILL 24.8 - 23.2 19.7 | 188 8.8 6.9 16.9 10.0 1.6 0.0 35 0.9 10/20 | 10
MONITORING WELL SCHEMATIC m INJECTION WELL SCHEMATIC m MW-52D | OUTWASH| 248 _ 20.8 17 | 40 90 298 3438 5.0 40 0.0 225 23 10/20 | 10
A. CONCRETE DIAMETER FOR A1 AND A2 IS 20 INCHES. CONCRETE DIAMETER FOR A3, A4, B1, B2 AND B7 IS 18 INCHES.
SCALE: NOT TO SCALE 80 SCALE: NOT TO SCALE 80 B. SLOT SIZES: 10 = 0.010-INCH OPENINGS. 20 = 0.020-INCH OPENINGS. 50 = 0.050-INCH OPENINGS. 90 = 0.090-INCH OPENING
o
NOTES:
1. REFER TO SHEETS 6.0 AND 7.0 FOR SURFACE COMPLETION IN BRICK
AND PIP RUBBER. SURFACE COMPLETION IN ASPHALT AND GRASS TO s bel
MATCH EXISTING CONDITIONS PRIOR TO DRILLING. 12-INCH MONUMENT KnO\AéWf'Iliit s Delow.
SKIRT LENGTH SHALL BE USED FOR MONITORING WELL COMPLETIONS. i
2. WELL DETAILS BASED ON FIELD MEASUREMENTS. all before you dig.
NO. DATE BY REVISION GAS WORKS PARK SITE DRAWN: CFS | PROJNO:0186-846-01
PLAY AREA GROUNDWATER INFRASTRUCTURE INSTALLATION AS-BUILT |] DESIGN: SMS | SHEET 9 OF9
SEATTLE, WASHINGTON CHECKED: CLB | DATE: 08.30.2017
SHEET NO.

600 STEWART ST : SUITE 1700 : SEATTLE, WA 98101 : 206-728-2674 : WWW.GEOENGINEERS.COM

WELL CONSTRUCTION SCHEMATIC DETAILS

8.0

AS-BUILT



APPENDIX C
UIC Form



- o | Underground Injection Control (UIC) Well Registration

g Form for Class V UIC Wells that Automatically
orernE Meet the Nonendangerment Standard

State of Washington

The purpose of this form is to register with the Washington State Department of Ecology UIC wells that automatically meet
the non endangerment standard in accordance with WAC 173-218-100.

A. Facility Name and Location
Facility Name

Facility Address
City State ZIP
Phone at the facility

County

Township, Range, Section, Quarter-Quarter

B. Contact Information

Well Owner
Name

Organization
Address
City State ZIP

Phone

Email

Property Owner

Same as Well Owner: [_]

If not the same, complete below:
Name

Organization
Address
City State ZIP

Technical Contact Person (Engineer, Contractor, Consultant)
Name

Organization
Address
City State ZIP

Phone

Email

ECY 040-47d (Rev. 01/13) Page 1



If the UIC well is used at a remediation site or is a septic system and located in a water supply well’s
one year time of travel or a surface water intake protection area you must notify the water utility of the
project. Please visit Washington State Department of Health’s wellhead protection tool to identify well
head and surface water intake areas in the county you are working in:
https://fortress.wa.gov/doh/eh/dw/swap/maps/.

C. Type of Class V Well that this form may be used for (see WAC 173-218-070
and WAC 173-218-100)

Use the number from the following list to fill in the “Number of UIC Well Type from Section C” in the
well table:

1. Well used for Subsidence Control: UIC wells which inject fluids that meet Chapter 173-200 WAC, Water quality
Standards for Ground Waters of the State of Washington, to control subsidence.

2. Extraction/dewatering well maintenance: UIC wells that temporarily inject fluids or other material for the purpose
of maintaining a properly functioning extraction well or dewatering well. Water must meet the Water Quality
Standards for Ground waters of the State of Washington, Chapter 173-200 WAC.

3. Receives unpolluted stormwater: UIC wells receiving stormwater from nonpollutant-generating surfaces. See
number four for roof runoff. Some examples of a non pollutant generating surface are paved bicycle pathways and
sidewalks that are separate from the road and fenced fire lanes. Sidewalks frequently treated with salt or other
deicing chemicals are considered a pollutant generating surface. If the land surface has any vehicle traffic, then
stormwater is considered polluted (must use different UIC registration form).

4. Receives Inert roof runoff: UIC wells that only receive runoff from a roof coated with an inert, nonleachable
material and a roof that is not subject to venting of manufacturing, commercial, or other indoor pollutants.

UIC wells receiving roof runoff at an industrial facility must complete the Underground Injection Control (UIC) Well
Registration Form for Industrial or Commercial Facilities instead of this form.

For the following UIC well types, please also fill in permit information in the well table:

5. Aquifer recharge and storage wells that meet the requirements in Chapter 173-157 WAC underground artificial
storage and recovery.

6. Reclaimed Water: UIC wells used as part of a reclaimed water project that meet the requirements of the water
reclamation and reuse standards as authorized by RCW 90.46.042.

7. Septic systems that serve twenty or more people per day and either receive operating permits, meet the
requirements and are permitted in accordance with Chapter 246-272B WAC large on-site sewage system
regulations, or meet the requirements of Chapter 246-272A WAC on-site sewage systems.

8. Geothermal: UIC wells used for geothermal fluid return flow into the same aquifer and that meet Chapter 173-200
WAC Water Quality Standards for Ground Waters of the State of Washington, Chapter 173-216 WAC state waste
discharge permit program requirements and RCW 79.76 geothermal resources.

9. NPDES Individual Permit that covers the UIC wells on-site, except for UIC wells used to manage stormwater.

10. State Waste Discharge Permit that covers the UIC wells on-site, except for UIC wells used to manage
stormwater.

11. CERCLA or RCRA cleanup site: Permit ID is the EPA site ID.
12. MTCA — Cleanup site under a MTCA order or consent decree: Permit ID is the state site ID.

This form does NOT apply to MTCA Voluntary Cleanup Sites. Use the UIC Registration form for Voluntary Cleanup
Sites.
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C. UIC well information

Owner’s ID Name or
Number

Number of UIC Well Type
from Section C

Construction Date

EPA Well Type (see below)

Status (Active, Unused,
Closed, Proposed)

Depth of UIC well

Latitude (decimal degrees)

Longitude (decimal degrees)

UIC Wells with Permits (see

Section C and table of permit types below):

Permit Type

Permit ID

Permit Issuer

EPA Class V Well Types

5A19 Cooling Water Return

5A6 Geothermal Heat

5W11 Septic System (gen)

5X26 Aquifer Remediation

5D2 Stormwater 5R21 Aquifer 5W20 Industrial Process Water 5X27 Other Wells
Recharge

5D4 Industrial Storm Runoff | 5W9 Untreated 5W31 Septic System (well 5X28 Motor Vehicle Waste
Sewage disposal)

5G30 Special Drainage
Water

5W10 Cesspool

5W32 Septic System (drainfield)

ECY 040-47d (Rev. 01/13)

Page 3




Permit Types for use with this registration form (See also WAC 173-218-070(Q))

Abbreviation | Permit Type

ASR Aquifer Recharge Wells under WAC 173-157

LOSS Large Septic Systems under WAC 246-272A

GRF Geothermal Fluid Return Flow under WAC 173-216

RW Reclaimed Water under RCW 90.46.0042

NPDES NPDES Individual Permit that covers the UIC wells on-site (except stormwater wells)

SWD State Waste Discharge permit that includes the UIC wells on-site (except stormwater
wells)

EPA CERCLA or RCRA cleanup site — Permit ID is the EPA site ID

MTCA State oversight of cleanup site — Permit ID is the state site ID

If your UIC well is in a Well Head Protection Area, Critical Aquifer Recharge Area, or
other ground water protection area, your local government may have additional
ordinances or requirements.

Please contact your local city or county for more information.

D. Signature of authorized representative

| hereby certify that the information contained in this registration is true and correct to the best of by knowledge.

Name of legally authorized representative Title

Signature of legally authorized Representative Date:

For Department Use Only

Site ID:

Date received:

Date acknowledged:

Date Entered:

Final Disposition:

Please send completed form to:

UIC Coordinator

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

Olympia, WA 98504-7600

To request ADA accommodation including materials in a format for the visually impaired, call the Water Quality Program at 360-
407-6600. Persons with impaired hearing may call Washington Relay Service at 711. Persons with a speech disability may call 877-
833-6341.

ECY 040-47d (Rev. 01/13) Page 4



Instructions to Complete the UIC Registration Form for Class V UIC
Wells that Automatically Meet the Nonendangerment Standard

A. Facility Name and Location: Provide the name, address, and phone number of the facility where
the UIC wells are or will be located. Provide the township, range and section for the facility.

B. Contact Information

Well Owner: Provide the well owner’s name, organization, address, phone number and email address.
Property Owner: Complete if different from the well owner

Technical Contact: Provide the name, organization, address, telephone number and email address of the
person to contact in case there are any questions about this registration.

C. UIC Well information

=  Owners ID: Provide a well identification name or number you create.

= The number of the UIC well type found in section C of this form.

= Construction Date: Provide the approximate date the well was installed.
=  EPA well type: EPA well types are listed in the table within section C.

= Status: Active if the well is in use; unused if well is not in use, closed, or proposed if the well is
in the design phase.

=  Well depth: Provide the approximate well depth.

» Latitude and longitude: Enter the latitude and longitude in decimal form for each UIC well. Visit
http://ww4.doh.wa.gov/scripts/esrimap.dli?Name=geoview&Cmd=Map and type the address in at the
bottom of the screen. Locational information including, latitude and longitude, will be found in a table below
the map.

Permits: Provide permit type, ID number and agency that issued the permit.
For more information contact:

Underground Injection Control

Washington Dept. of Ecology

P.O. Box 47600

Olympia, WA 98504-7600

Phone: (360) 407-6143

E-mail: maha461@ecy.wa.qgov
http://www.ecy.wa.gov/programs/wag/grndwtr/uic/index.html

To request ADA accommodation including materials in a format for the visually impaired, call the Water Quality Program at 360-
407-6600. Persons with impaired hearing may call Washington Relay Service at 711. Persons with a speech disability may call 877-
833-6341.
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Safety Data Sheet

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE
COMPANY/UNDERTAKING

Product identifier
Product Name: Ferrous Sulfate Heptahydrate (Moist or Dried)
CAS-No.: 7782-63-0

Other means of identification
Synonyms: Copperas, Iron (1) Sulfate

Recommended use of the chemical and restrictions on use
Recommended Use: Laboratory chemicals, manufacture of substances

Uses advised against: No information available

Details of the supplier of the safety data sheet

Supplier Name: QCLLC
Supplier Address: 5566 Nash Rd
Cape Girardeau, MO 63701
Supplier Phone Number: 800-666-4766 Fax: 573-335-2308
Contact Phone: 573-335-6700
Supplier Email: info@qccorporation.com
Emergency telephone number CHEMTREC (800) 424-9300

2. HAZARDS IDENTIFICATION

Classification

Acute Toxicity, Oral Category 4
Skin irritation Category 2
Eye Irritation Category 2A
GHS Label elements, including precautionary statements
Pictogram:
Signal word: Warning
Hazard statement(s): Harmful if swallowed.
Causes skin irritation.
Causes serious eye irritation.
Precautionary statement(s): Wash skin thoroughly after handling.

Do not eat, drink, or smoke when using this product.
Wear protective gloves/eye protection/face protection.


mailto:info@qccorporation.com

IF SWALLOWED: Call a POISON CENTER or doctor/
physician if you feel unwell.

IF ON SKIN: Wash with plenty of soap and water.

IF IN EYES: Rinse cautiously with water for several minutes.
Remove contact lenses, if present and easy to do. Continue
rinsing.

Specific treatment (see supplemental first aid instructions on this
label).

Rinse mouth.

If skin irritation occurs: Get medical advice/ attention.

If eye irritation persists: Get medical advice/ attention.
Remove contaminated clothing and wash before reuse.
Dispose of contents/container to an approved waste disposal
plant.

Hazards not otherwise classified (HNOC): None

3. COMPOSITION/INFORMATION ON INGREDIENTS

Substances
Synonyms:
Formula:
Molecular Weight:
CAS-No.:
Weight %:

Hazardous components

Component:
Ferrous Sulfate Heptahydrate

Ferrous Sulfate Heptahydrate
FeSO, - 7TH,O

278.01 g/mol

7782-63-0

100%

Acute Tox. 4; Skin Irrit. 2; Eye Irrit. 2A; H302, H315, H319

4. FIRST AID MEASURES

Description of first aid measures

General advice: Consult a physician. Show this safety data sheet to the doctor in attendance.

Move out of dangerous area.

If inhaled: If breathed in, move person into fresh air. If not breathing, give artificial respiration.

Consult a physician.

In case of skin contact: Wash off with soap and plenty of water. Consult a physician.

In case of eye contact: Rinse thoroughly with plenty of water for at least 15 minutes and consult

a physician.

If swallowed: Never give anything by mouth to an unconscious person. Rinse mouth with water.

Consult a physician.

Most important symptoms and effects, both acute and delayed: The most important known
symptoms and effects are described in the labelling (see Section 2.2) and/or in Section 11.

Indication of any immediate medical attention and special treatment needed: No data available.




5. FIREFIGHTING MEASURES

Extinguishing media
Suitable extinguishing media: Use extinguishing measures that are appropriate to local
circumstances and the surrounding environment.

Special hazards arising from the substance or mixture: Sulphur oxides, Iron oxides.
Advice for firefighters: Wear self-contained breathing apparatus for firefighting if necessary.

Further information: The product itself does not burn.

6. ACCIDENTAL RELEASE MEASURES
Personal precautions, protective equipment and emergency procedures: Use personal protective
equipment. Avoid dust formation. Avoid breathing vapors, mist, or gas. Ensure adequate
ventilation. Avoid breathing dust. For personal protection see Section 8.

Environmental precautions: Do not let product enter drains.

Methods and materials for containment and cleaning up: Pick up and arrange disposal without
creating dust. Sweep up and shovel. Keep in suitable, closed containers for disposal.

Reference to other sections: For disposal see Section 13.

7. HANDLING AND STORAGE
Precautions for safe handling: Avoid contact with skin and eyes. Avoid formation of dust and aerosols.
Provide appropriate exhaust ventilation at places where dust is formed. For precautions see
Section 2.

Conditions for safe storage, including any incompatibilities: Keep container tightly closed in a dry
and well-ventilated place. Air sensitive. Store under inert gas. Hygroscopic.

Specific end use(s): Apart from the uses mentioned in Section 1 no other specific uses are stipulated.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Control Parameters
Components with workplace control parameters
Component CAS-No. Value Control parameters Basis
Ferrous sulfate Heptahydrate  7782-63-0 TWA 1 mg/m3 USA. ACGIH Threshold
Limit Values (TLV)
Remarks  Upper Respiratorg Tract & skin irritation varies
TWA 1 mg/m USA. OSHA - TABLE Z-
1 Limits for Air
Contaminants -
1910.1000
TWA 1mgm® USA. NIOSH
Recommended
Exposure Limits

Exposure Controls
Appropriate engineering controls: Handle in accordance with good industrial hygiene and safety
practice. Wash hands before breaks and at the end of workday.




Personal Protective Equipment

Eyel/face protection: Safety glasses with side-shields.

Skin protection: Handle with gloves. Gloves must be inspected prior to use. Use proper glove
removal technique (without touching glove's outer surface) to avoid skin contact with this
product. Dispose of contaminated gloves after use in accordance with applicable laws
and good laboratory practices. Wash and dry hands.

Body protection: Complete suit protecting against chemicals, the type of protective equipment
must be selected according to the concentration and amount of the dangerous substance
at the specific workplace.

Respiratory protection: For nuisance exposures use a particle respirator. For higher level protection
use type, wear NIOSH approved air-purifying respirator with cartridges/canisters.

Control of environmental exposure: Do not let product enter drains.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical and Chemical Properties

Physical State:
Appearance:
Color:

Property

pH

Melting/freezing point

Flash Point

Evaporation Rate

Flammability (solid, gas)

Flammability Limit in Air
Upper flammability limit
Lower flammability limit

Vapor pressure

Vapor density

Specific Gravity

Water solubility

Property
Solubility in other solvents

Partition coefficient: n-octanol/water
Autoiginition temperature
Decomposition temperature
Kinematic viscosity

Dynamic viscosity

Explosive properties

Oxidizing properties

Other Information
Bulk density

Solid
Blue Green crystals
Blue-Green

Values
3.0-40@50g/l@25°C (77°F)
Melting point/range: 64° C (147° F)
No data available

No data available

No data available

No data available
N/A

No data available
No data available
No data available
No data available

Values

No data available
No data available
No data available
No data available
No data available
No data available
No data available
No data available

1,300 kg/m®

Odor: No data available
Odor Threshold: No data available



10. STABILITY AND REACTIVITY

Reactivity: No data available.

Chemical Stability: Stable under recommended storage conditions.

Possibility of Hazardous Reactions: No data available.

Hazardous: Polymerization: No data available.

Conditions to Avoid: No data available.

Incompatible Materials: Strong oxidizing agents.

Hazardous Decomposition Products: Other decomposition products — no data available. In the event
of a fire see Section 5.

11. TOXICOLOGICAL INFORMATION

Information on likely routes of exposure

Product information Inhalation No data available
Eye contact No data available
Skin contact No data available
Ingestion Harmful if swallowed

Component Information

Information on toxicological effects
Symptoms No data available

Delayed and immediate effects as well as chronic effects from short & long-term exposure

Sensitization: No data available.
Mutagenic effects: No data available.
Carcinogenicity: No component of this product present at levels greater

than or equal to 0.1% is identified as probable, possible
or confirmed human carcinogen by IARC.

STOT-single exposure: No data available.
STOT-repeated exposure: No data available.
Chronic toxicity: No data available.
Target organ exposure: No data available.
Aspiration hazard: No data available.

Numerical measure of toxicity product information
The following values are calculated based on Section 3 of the GHS document: No data available.

12. ECOLOGICAL INFORMATION

Ecotoxicty: No data available.
Persistence and Degradability: No data available.
Bioaccumulation: No data available.
Other adverse effects: No data available.



13. DISPOSAL CONSIDERATIONS

Waste treatment methods

Disposal methods

Contaminated packaging

Offer surplus and non-recyclable solutions to a licensed
disposal company. Contact a licensed professional
waste disposal service to dispose of this material.

Dispose of as unused product.

14. TRANSPORT INFORMATION

DOT (US)
Proper shipping name

IMDG

IATA

UN Number: 3077 Class: 9 Packing group: Il
Environmentally hazardous substance, solid, n.o.s.
(Ferrous Sulfate Heptahydrate)

Reportable Quantity (RQ): 1,000 Ibs

Marine pollutant: No

Poison Inhalation Hazard: No

Not dangerous goods.

Not dangerous goods.

15. REGULATORY INFORMATION

INTERNATIONAL INVENTORIES

TSCA:

DSL:

US Federal Regulations

SARA 313:

SARA 311/312 Hazard Categories:

CWA (Clean Water Act)

CERCLA

US State Regulations

California Prop. 65 Components

CAS# 7782-63-0 is not on the TSCA Inventory because itis a
hydrate. It is considered to be listed if the CAS# for the
anhydrous form is on the inventory (40CFR720.3(u)(2)).
CAS# 7720-78-7 is listed on the TSCA Inventory.

CAS# 7720-78-7 is listed on Canada’s DSL List.

SARA 313: This material does not contain any chemical
components with known CAS numbers that exceed the
threshold (De Minimis) reporting levels established by SARA +
Title 1ll, Section 313.

Acute health hazard
Chronic health hazard

Section 311 Hazardous Substances (40 CFR 117.3)
Sulfuric acid, Iron (2) salt (1:1), Heptahydrate
Reportable quantity: 1000 Ibs.

(40 CFR 302.4)
Sulfuric acid, Iron (2) salt (1:1), Heptahydrate
Reportable quantity: 1000 Ibs.

This product does not contain any chemicals known to State of
California to cause cancer, birth defects, or any other
reproductive harm.




US State Right-to-Know Regulations
Massachusetts Right-to-Know Components:
Ferrous Sulfate Heptahydrate CAS-No. 7782-63-0 Revision Date: 1993-04-24

Pennsylvania Right-to-Know Components:
Ferrous Sulfate Heptahydrate CAS-No. 7782-63-0 Revision Date: 1993-04-24

New Jersey Right-to-Know Components:
Ferrous Sulfate Heptahydrate CAS-No. 7782-63-0 Revision Date: 1993-04-24

International Requlations

Canada WHMIS Hazard Class: Uncontrolled product; Disclosure at 1%.

16. OTHER INFORMATION

NFPA Rating Health hazard: 2 Fire Hazard: O Reactivity Hazard: 0

HMIS Rating Health hazard: 2 Chronic Health Hazard: Flammability: O
Physical Hazard 0

Further information

This SDS summarizes to the best of our knowledge at the date of issue, the chemical health and safety
hazards of the material and general guidance on how to safely handle the material in the workplace.
Since QC LLC cannot anticipate or control the conditions under which the product may be used, each
user must, prior to usage, assess and control the risks arising from its use of the material. The above
information is believed to be correct but does not purport to be all inclusive and shall be used only as a
guide. The information in this document is based on the present state of our knowledge and is applicable
to the product with regard to appropriate safety precautions. It does not represent any guarantee of the
properties of the product. QC LLC and its Affiliates shall not be held liable for any damage resulting from
handling or from contact with the above product. See www.gccorporation.com and/or the reverse side of
invoice or packing slip for additional terms and conditions of sale.

Issuing Date New
Revision Date 25, Mar - 2015

Revision Number 1


http://www.qccorporation.com/
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1.0 INTRODUCTION

This document is the third addendum to the sampling and analysis plan (SAP) and quality assurance project
plan (QAPP) for the Supplemental Investigation at the Gas Works Park Site (GWPS) in Seattle, Washington.
This SAP and QAPP Addendum No. 3 (SAP-QAPP addendum) presents additional investigation methods that
will be used for groundwater monitoring during Play Area Interim Action groundwater treatment, and serves
as the primary guide for the integration of quality assurance (QA) and quality control (QC) functions into
field activities. This SAP-QAPP addendum has been prepared in general accordance with the Model Toxics
Control Act (MTCA), Chapter 173-340-820 of the Washington Administrative Code (WAC). Unless specifically
noted in this SAP-QAPP addendum, the activities described in this addendum will be conducted under the
March 2013 Supplemental Investigation Work Plan (GeoEngineers, 2013) including the Sampling and
Analysis Plan (Appendix A) and Quality Assurance Project Plan (Appendix B), approved by the Washington
State Department of Ecology (Ecology) on March 11, 2013. The Supplemental Investigation Work Plan
described an environmental investigation designed to meet the data needs for completing the RIl. Data
collected during that investigation were summarized in the Agency Review Draft Site-Wide Remedial
Investigation Report (GeoEngineers, 2016).

Elevated concentrations of arsenic were detected in soil and groundwater samples collected from beneath
the Play Area during the 2013 supplemental upland investigation (GeoEngineers, 2016). Additional
information regarding the nature and extent of arsenic in soil and groundwater was obtained during
investigations of the Play Area in 2014 and 2016 (GeoEngineers, 2016 [Appendix Y]; GeoEngineers, 2017
[in progress]). An arsenic treatability study performed in 2016 indicated dissolved arsenic concentrations
could likely be reduced by application of iron amendments (Anchor QEA, 2016). Groundwater injection
infrastructure was installed in spring 2017 to facilitate in-situ treatment of arsenic in groundwater beneath
the Play Area.

Groundwater monitoring activities summarized in this third SAP-QAPP addendum, will be used to document
baseline groundwater conditions before treatment, and evaluate the effectiveness and permanence of
in-situ treatment of dissolved arsenic.

Groundwater monitoring during the Play Area Interim Action will consist of the following:

m Baseline monitoring to evaluate pre-treatment conditions at the Play Area,

m  Short-term performance monitoring during reagent injection to evaluate the immediate influence
of the injection,

m Post-injection performance monitoring to evaluate treatment performance approximately one
month after injection, and

m Confirmation monitoring after an extended period (3 months or more) following treatment to
evaluate long-term performance and stability of the arsenic treatment.

Groundwater sample numbering will follow the sample numbering convention included in the 2013 SAP.
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2.0 GROUNDWATER MONITORING

This section presents field sampling methods that are not contained in the 2013 SAP and QAPP or that
deviate from the methods described therein. Play Area monitoring well locations are shown on Interim
Action Work Plan Figures 5 and 6. Monitoring well construction and groundwater elevation information are
summarized in Table E-1. A summary of the proposed groundwater samples and analyses is presented in
Table E-2. The following sections describe the activities to be conducted during each groundwater
monitoring event. Unless noted, groundwater samples will be collected using the procedures presented in
the 2013 SAP including;:

m  Groundwater depth measurements,

m Light and dense nonaqueous phase liquid (LNAPL and DNAPL) depth measurements (if present),
and

m  Groundwater sampling using low-flow/low-turbidity methods.

Groundwater monitoring activities will be recorded in field reports and on groundwater sampling forms as
described in the 2013 SAP.

2.1. Baseline Groundwater Monitoring

One groundwater monitoring event will be performed to obtain chemical analytical data to document
groundwater conditions before in-situ treatment (baseline). Groundwater samples will be collected from the
17 Play Area monitoring wells, and analyzed for field parameters, total and dissolved arsenic, total and
dissolved iron, sulfide and sulfate (Table E-2). Samples from selected monitoring wells, as shown in
Table E-2, will be collected for arsenic speciation analysis using the anoxic sampling methodology described
in SAP-QAPP Attachment E-1. Standard low-flow sampling procedures will be used to obtain groundwater
samples during the baseline event. The volume of water purged from each monitoring well before sampling
will be measured and recorded, and used as the purge volume to be removed from each monitoring well
during subsequent sampling events.

2.2. Short-Term Performance Monitoring

Short-term performance monitoring will be performed to document groundwater conditions during and
shortly after reagent injection. Groundwater samples will be collected from the seven monitoring wells
within the targeted treatment area (Table E-2). Short-term performance monitoring will include hourly
measurements of depth-to-groundwater during reagent injection; and monitoring of field parameters, iron,
and sulfate approximately twice per week for two weeks after reagent injection. Iron and sulfate
concentrations will be measured in the field using colorimetric field tests; Hach IR-18 for iron (range: O to
4 milligrams per liter [mg/L]) and Hach SF-1 for sulfate (range: 50 to 200 mg/L), or equivalent, following
manufacturer’s instructions. Some groundwater samples may be submitted to the analytical laboratory for
iron and sulfate analysis to be sure the detection range of the field test kits are acceptable for detecting
the anticipated concentrations of iron and sulfate in the groundwater samples. Iron and sulfate test kit
information and operating instructions are included in Attachment E-2.

2.3. Post-Injection Performance Monitoring

Post-injection performance monitoring is anticipated to be completed approximately 1 month following
injection. Like the baseline monitoring event, groundwater samples will be collected from the 17 Play Area
monitoring wells, and analyzed for field parameters, total and dissolved arsenic, total and dissolved iron,
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sulfide and sulfate (Table E-2). Unlike the baseline event, samples will not be collected for arsenic
speciation analysis.
2.4. Confirmation Monitoring

Confirmation monitoring is anticipated to be completed at least three months after final reagent injection.
Groundwater samples will be collected from 11 selected Play Area monitoring wells, and analyzed for field
parameters and total and dissolved arsenic (Table E-2).

3.0 LABORATORY ANALYTICAL METHODS

The analytical methods to be used for sample analysis, as well as details regarding containers, sample
preservatives, and sample holding times, are listed in Table E-3.

Table E-4 lists the field quality control (QC) samples to be collected during this investigation. Field QC
samples will consist of equipment rinsate blanks, trip blanks, and field duplicates, and will be documented
in field reports. As discussed in the 2013 QAPP, field QC samples will be used to evaluate the effectiveness
of equipment decontamination procedures, potential cross-contamination of samples during transport to
the laboratory, reproducibility of laboratory results, and sample heterogeneity.

4.0 FIELD DOCUMENTATION, INVESTIGATION DERIVED WASTE, AND SAMPLE HANDING
PROCEDURES

Unless noted here field documentation, investigation-derived waste management, and sampling handling
procedures will be performed using the procedures presented in the 2013 SAP including;:

m Daily field reports including groundwater monitoring forms,
m Sample labels, and

m Laboratory Chain-of-Custody forms.

5.0 REFERENCES

Anchor QEA, 2016a. Draft Arsenic Treatability Study Report, Gas Works Park, prepared by Anchor QEA, LLC,
for GeoEngineers, Inc., December 2016.

GeoEngineers, Inc. 2013. Final Supplemental Investigation Work Plan, Gas Works Park Site, Seattle,
Washington.

GeoEngineers, Inc. 2014. Final Supplemental Investigation Work Plan, Gas Works Park Site, Seattle,
Washington.

GeoEngineers, Inc. March 1, 2016. Agency Review Draft Site-Wide Remedial Investigation Feasibility Study
Report, Gas Works Park Site, Seattle, Washington.

GeoEngineers 2017, In progress. Draft Play Area 2016 Supplemental Investigation Data Report, last
revised June 30, 2016.
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Table E-1

Play Area Monitoring Well Construction Summary

SAP-QAPP Amendment 3
Gas Works Park Site
Seattle, Washington
Well Location
Top of Screen Interval Geologic Unit
Well ID . Depth Below Ground Surface
Northing Easting Casing at Time of Installation of Screen
Elevationl'2 Interval
Top Bottom

Play Area
MW-36S 239086.77 1270783.61 26.37 8.0 22.8 Fill
MW-36D 239091.49 1270785.63 26.30 29.3 33.8 Outwash
MW-41S 239123.85 1270626.07 29.02 5.3 10.3 Fill
MW-41D 239126.07 1270628.03 29.19 18.3 28.3 Outwash
MW-42S 239153.02 1270667.56 32.85 3.8 8.8 Fill
MW-43S 239087.49 1270677.38 29.03 7.4 12.4 Fill
MW-44S 239159.31 1270720.72 30.29 7.5 17.5 Fill
MW-45S 239142.50 1270725.64 30.74 6.8 16.8 Fill
MW-45D 239138.49 1270727.34 30.00 25.8 30.8 Outwash
MW-46S 239143.44 1270760.23 24.84 7.3 17.3 Fill
MW-46D 239148.59 1270760.61 24.92 30.0 25.0 Outwash
MW-47S 239111.94 1270743.90 29.80 15.0 20.0 Fill
MW-48D 239081.86 1270756.15 26.80 22.4 32.4 Outwash
MW-49D 239063.29 1270775.15 26.15 24.9 34.9 Outwash
MW-50D 239117.04 1270793.29 25.06 28.5 33.5 Outwash
MW-51S 239136.65 1270795.79 25.37 6.4 16.4 Fill
MW-52D 239147.84 1270796.96 25.31 29.9 349 Outwash
Notes:

1. Elevations are relative to NAVD88 vertical datum.
2. Top-of-casing elevations for monitoring wells MW-41S, MW-41D, MW-42S, MW-44S, MW-45S, and MW-45D (shaded cells) are interim
elevations. Permanent, flush-mounted protective monuments have not yet been installed. Monuments will be installed and top-of-casing
elevations will be surveyed after Play Area renovations are complete.
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Table E-2

Play Area Groundwater Sample Summary
SAP-QAPP Addendum 3
Gas Works Park Site
Seattle, Washington

Baseline Sampling __ Performance Monitoring __ Confirmation Monitoring
Short-Term Performance Monitoring Treatment Performance Monitoring
Well Hourly . . At least 3 months after
Screen Prior to beginning injection during Two times per weel: following 1 month after end of injection final injection
Well ID i Well Type N injection
Geologic injection
Unit -
Field Arsenic? SA::::IiZn Iron® Sulfide Sulfate | Water Field ron® | Sulfate® Field Arsenic? Iron® Sulfide Sulfate Field Arsenic?
Parameters” | (2008) | ::)-l cP.is) | (SWE010) | (SM4500-52D) | (300.0) | Levels | Parameters’ ron” | Sulfate”| o rameters® | (200.8) | (sw6010) | (SM4500-52:D) | (300.0) | Parameters® | (200.8)

MW-36S Fill Downgradient X X X X X X X X X X
MW-36D Outwash | Downgradient X X X X X X X X X X
MW-41S Fill Upgradient X X X X X X X X X X
MW-41D Outwash Upgradient X X X X X X X X X X
MW-42S Fill Performance X X X X X X X X X X X X X X X X X
MW-43S Fill Performance X X X X X X X X X X X X X X X X
MW-44S Fill Performance X X X X X X X X X X X X X X X X
MW-45S Fill Performance X X X X X X X X X X X X X X X X X
MW-45D Outwash Performance X X X X X X X X X X X X X X X X X
MW-46S Fill Performance X X X X X X X X X X X X X
MW-46D Outwash Performance X X X X X X X X X X X X X
MW-47S Fill Performance X X X X X X X X X X X X
MW-48D Outwash Performance X X X X X X X X X X X X X
MW-49D Outwash | Downgradient X X X X X X X X X X
MW-50D Outwash | Downgradient X X X X X X X X X X
MW-51S Fill Downgradient X X X X X X X X X X
MW-52D Outwash | Downgradient X X X X X X X X X X
Notes:

1. Field parameters include: water level, dissolved oxygen, oxidation/reduction potential, specific conductance, turbidity, temperature, and pH.

2. Total and dissolved arsenic. Dissolved arsenic sample to be field filtered.

3. Total and dissolved iron. Dissolved iron sample to be field filtered.

4. Sample twice weekly for 2 weeks following reagent injection.

5. Iron by colorimetric field test kit. Hach IR-18 or equivalent.

6. Sulfate by colorimetric field test kit. Hach SF-1 or equivalent.
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Table E-3

Test Methods, Sample Containers, Preservatives and Holding Times

SAP-QAPP Addendum No. 3
Gas Works Park Site
Seattle, Washington

Minimum Sample
Size Sample Containers Sample Preservatives | Sample Holding Times®
Analysis Method Water Water Water Water
Arsenic EPA 200.8 (water) Cool <6 °C, HNO; to pH 180 davs to digesti
ays to digestion,
500 mL 500 mL HDPE < 2 (Dissolved metals Y & .
. . 180 days to analysis
Iron SW6010 (water) preserved after filtration)
Cool <6 °C, Zinc Acetate
SM 4500-S2-D-0
Sulfide 500 mL 500 mL HDPE (NaOH added in lab), pH 7 days
(water)
>9
Sulfate EPA 300.0 (water) 500 mL 500 mL HDPE Cool <6 °C 28 days
Cool 0-4° C,

Arsenic EPA 6800M prepreserved with

Speciation (modified) 5mL 125 mL HDPE EDTA/acetic acid, 28 days
P (IC-ICP-MS) (water) minimal headspace,

keep dark*
Notes:
1. Holding times are based on elapsed time from date of sample collection.
g=gram

°C = degrees Celsius
EDTA = ethylenediaminetetraacetic acid
EPA = U.S. Environmental Protection Agency

HDPE = High density polyethylene
HNO3 = nitric acid

H,S0, = Sulfuric acid

mL = milliliter

NaOH = Sodium hydroxide

pH = potential of hydrogen

* Field-filtration recommened, especially for samples with high levels of solids.
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Table E-4

Quality Control Sample Types and Minimum Frequency
SAP/QAPP Addendum No. 3
Gas Works Park Site
Seattle, Washington

Field QC Samples Laboratory QC Samples
Equipment Rinsate Blank Spike,
Parameter Reporting Limit Field Duplicates | Trip Blanks Blanks Method Blanks| LCS or OPR MS/MSD Lab Duplicates
Arsenic 0.2 pg/L
1 per 20 primary
Total | . L
ota : fon 0.05 mg/ groundwater NA 1
Sulfide 0.05 mg/L samples
Sulfate 0.1 mg/L 1 per batch* 1 per batch* | 1 MS only per batch* | 1 per batch*
1 (minimum) or 1
per 20 primary NA none
groundwater
Arsenic Speciation 0.2 ug/L samples

Notes:

*An analytical batch is defined as a group of samples taken through a preparation procedure and sharing a method blank, LCS, and MS/MSD (or MS and lab duplicate). No more than 20 field samples are
contained in one batch.

LCS = Laboratory control sample

MS = Matrix spike

MSD = Matrix spike duplicate

NA = Not applicable

OPR = Ongoing precision and recovery
ug/L = micrograms per liter

mg/L = milligrams per liter
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Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist
in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content

of electronic files. The master file is stored by GeoEngineers, Inc.

and will serve as the official record of this communication.

Data Source:
o Existing conditions survey by Seattle Parks and Recreation,
November 2002
e Construction Completion Report by Thermo RETEC, January
2001
e Qutfall C and D based on APS Survey, December 2014
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in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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o Existing conditions survey by Seattle Parks and Recreation,
November 2002
e Construction Completion Report by Thermo RETEC, January
2001
e Qutfall C and D based on APS Survey, December 2014
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ATTACHMENT E-1
Arsenic Speciation - Anoxic Field Sample Technique



ATTACHMENT E-1

Arsenic Speciation - Anoxic Field Sample Technique

Safety

This method uses a surgical steel needle. Use caution to avoid injury with the needle.

Materials (see Figure 1)

15 mL Syringe barrel with Luer-lock fitting

Luer-lock 25-gauge surgical steel needle

Luer-lock 0.45 um filter

Evacuated sample vial with septum - non-preserved or EDTA-coated
Sharps container

Method

Water samples collected for arsenic speciation analysis are sensitive to redox changes. The purpose of this
groundwater sampling technique is to mimic anoxic conditions—minimizing the exposure to oxygen. Follow
these procedures after low flow purging is complete, groundwater parameters are stabilized and the
monitoring flow through cell (YSI) has been disconnected.

1. Label the sample vial before sampling.

2. Allow for a segment of silicon (Tygon, Masterflex, or equivalent) tubing, approximately 6-inches long, on
the discharge end of the peristaltic or submersible pump.

3. Remove any air within the syringe barrel. Attach the surgical needle to the barrel.

4. Point the needle against the current of the groundwater, insert the needle into the silicon tubing.
Puncture tube about 3 inches from the end, this punctured segment will need to be cut to minimize
spillage when filling subsequent bottle ware.

5. Draw approximately 15 millileters (mL) of water into the barrel. To minimize the amount of oxygen in
the barrel, draw water slowly. Water may flow into the barrel by itself, displacing the small amount of
air in the barrel. Be careful not to pull the plunger out of the barrel.

6. Extract the syringe from the tubing. Detach the needle from the barrel. Hold the syringe needle side up,
gently flick the barrel to dislodge bubbles from the walls within, and slowly depress the syringe plunger
to expel any air pockets.

7. Attach the Luer-lock 0.45 micrometer (um) filter onto the barrel (fits only in one direction). Attach the
needle on the filter.

8. Gently depress the plunger to expel a small amount of water through the filter and needle, this will
hydrate the filter and the needle. Be sure to retain approximately 6 mL to fill each vial.

9. Insert the needle through the septum of the evacuated sample vial. Gently depress the plunger to fill
the vial with water. Note it is normal for the vacuum in the vial to pull some water into the vial. Do not
fill the vial completely, instead try to “balance” the vial without over pressurizing it, the plunger will
resist. The vial will contain a small amount of headspace.
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10. Remove the needle from the evacuated sample vial.
11. Place the vial in a plastic bag, seal the bag, and place the sample in a cooler with ice.

12. Discard the syringe into an appropriate “sharps” disposal container when finished.

Figure 1
Groundwater Arsenic Speciation Sample Collection Materials
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ATTACHMENT E-2
Field Test Kit Information and Instructions
(Iron and Sulfate)



o lron Test Kit

IR-18 (146400) DOC326.98.00042

Test preparation

CAUTION: A\ Review the Safety Data Sheets (MSDS/SDS) for the chemicals that are used.
Use the recommended personal protective equipment.

» Put the color disc on the center pin in the color comparator box (numbers to the front).

» Use the indoor light color disc when the light source is fluorescent light. Use the outdoor light
color disc when the light source is sunlight.

* Rinse the tubes with sample before the test. Rinse the tubes with deionized water after the test.

* If the color match is between two segments, use the value that is in the middle of the two
segments.

« If the color disc becomes wet internally, pull apart the flat plastic sides to open the color disc.
Remove the thin inner disc. Dry all parts with a soft cloth. Assemble when fully dry.

» Undissolved reagent does not have an effect on test accuracy.

» To verify the test accuracy, use a standard solution as the sample.

+ If the sample contains rust or precipitated iron, fully mix the sample and then fill the tubes. Wait
2-5 minutes after the reagent is added. Dissolved iron develops a color immediately.

» Samples that contain more than 4 mg/L iron can give low results. If high iron levels are
possible, dilute the sample as follows. Use a 3-mL syringe to add 2.5 mL of sample to each
tube. Dilute the sample to the 5-mL mark with deionized water. Use the diluted sample in the
test procedure and multiply the result by 2. Use the syringe to add 1 mL of sample to each
tube. Dilute the sample to the 5-mL mark with deionized water. Use the diluted sample in the

test procedure and multiply the result by 5.

1. Fill two tubes to 2. Put one tube 3. Add one
the first line (5 mL) into the left FerroVer Iron orange color
with sample. opening of the Reagent Powder develops.
color comparator  Pillow to the
box. second tube.

Test procedure—Iron (0-4 mg/L Fe)

L

= |||

comparator box.

Replacement items

Description Unit Item no.
FerroVer® Iron Reagent Powder Pillows, 5 mL 100/pkg 92799
Color disc, iron, indoor light, 0-4 mg/L each 9262400
Color disc, iron, outdoor light, 0—4 mg/L each 9263800
Color comparator box each 173200
Plastic viewing tubes, 18 mm, with caps 4/pkg 4660004
Optional items

Description Unit Item no.
Caps for plastic viewing tubes (4660004) 4/pkg 4660014
Water, deionized 500 mL 27249
Glass viewing tubes, glass, 18 mm 6/pkg 173006
Iron standard solution, 1 mg/L Fe 500 mL 13949
Stoppers for 18-mm glass tubes and AccuVac Ampuls 6/pkg 173106
Syringe, Luer-Lok® Tip, 3 mL each 4321300

'A

4. Swirl to mix. An 5. Put the second 6. Hold the color 7. Read the result
tube into the color comparator box in in mg/L in the

front of a light scale window.
source. Turn the
color disc to find

the color match.
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SULFATE TEST KIT
Model SF-1
Cat. No. 2251-00

To ensure accurate results, please read carefully before proceeding.

The sample mixing bottle, graduated cylinder and dipstick should be cleaned
thoroughly after each use. If this 1s not done, a white film will form on the wall of the
apparatus.

Test Instructions:

1 Fill the sample mixing bottle to the 25-mL mark.

WARNING: The chemical in this kit may be hazardous to the health and safety of the user
if inappropriately handled. Please read all warnings before performing the tests and use
appropriate safety equipment.

HACH COMPANY P.O. BOX 389, LOVELAND, COLORADO 80359
TELEPHONE: WITHIN U.S. 800-227-4224, OUTSIDE U.S. 970-669-3050, TELEX: 160840



.'Use the clippers to open one SulfaVer® 4 Powder Pillow. Add the contents of the
pillow to the mixing bottle. Press the cap on tightly and shake the bottle for 15
seconds.

. A white turbidity will appear if sulfate 1s present.
. Allow the sample to stand five minutes.

. Invert the bottle to mix any solids left on the bottom. Remove the cap on the mixing
bottle and slowly pour the contents into the clean 25 mL graduated cylinder

. Hold the cylinder in a vertical position. While looking straight down into the cylinder
slowly insert the sulfate dipstick down into the cylinder until the black dot
disappears completely Hold the dipstick in that position and rotate the cylinder so
you view the scale on the dipstick through the non-graduated portion of the
cylinder

Read the concentration by looking across the surface of the sample to the scale on
the dipstick. The number on the dipstick scale that meets with the surface of the
sample corresponds to mg/L of sulfate in the sample.

. If the black dot disappears before the first test mark (200 mg/L), the concentration
of sulfate 1s greater than 200 mg/L. If the black dot does not disappear after the
dipstick 1s inserted to the cylinder bottom, the sulfate concentration is less than 50
mg/L.



Replacements

Cat. No. Description Unit
12065-66  SulfaVer 4 Powder Pillows..........cccoeviieiieeniiieiicecien pkg/50
46814-00 Dipstick, Sulfate Measure ..........cccccceveeviiereeniciieee e, each
24102-00 Bottle, mixing, plastiC :.......c.cceerieiiiiiiiiiiriieeeeeeees pkg/2

968-00  ClIPPEIS..eeiririieiiieiiiee ettt each

2172-40 Cylinder, graduated, polymethylpentene ...................... each

SulfaVer is a Hach Company trademark.
©Hach Company, 1992. All rights are reserved.
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