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LIMITATIONS 

This report has been prepared for the exclusive use of B&L Woodwaste Site Custodial Trust; their 
authorized agents, and regulatory agencies. It has been prepared following the described methods and 
information available at the time of the work. No other party should use this report for any purpose other 
than that originally intended, unless Floyd|Snider agrees in advance to such reliance in writing. The 
information contained herein should not be utilized for any purpose or project except the one originally 
intended. Under no circumstances shall this document be altered, updated, or revised without written 
authorization of Floyd|Snider. 
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1.0 Introduction 

In this Phase 2 In Situ Pilot Study Monitoring Report (Report) for the B&L Woodwaste Site 
(Site), the results of groundwater monitoring are presented from the second year following 
implementation of the Phase 2 In Situ Pilot Study (Pilot Study). The Pilot Study was requested 
by Washington State Department of Ecology (Ecology) and was designed to supplement the 
remedy specified in the 2008 Cleanup Action Plan (CAP) issued by Ecology (Ecology 2008). 
Elements of this work are described in the Phase 2 Pilot Study Work Plan (Work Plan), the 
Groundwater Remediation Work Plan (GRWP), and the GRWP Addendum (Floyd|Snider/AMEC 
2011a, 2009a, and 2010a). In addition, this Report presents initial results of the solid phase 
speciation activities. 

1.1 BACKGROUND 

In 2010, Ecology made the decision to implement the CAP remedy for the areas outside the 
B&L Woodwaste Landfill (Landfill) using a hybrid approach. The remedial action for the 
Wetlands Cleanup Action Area (CAA) utilizes a combination of technologies. The goal of this 
approach, which is based on the results of an Engineering Alternatives Evaluation 
(Floyd|Snider/AMEC 2010b), is to first reduce the mass of arsenic in the groundwater plume by 
recovering groundwater (using groundwater recovery and treatment) from the highest 
concentration areas (i.e., areas with arsenic concentrations greater than approximately 
500 micrograms per liter [µg/L]). Following reduction of the arsenic mass from these areas of 
the plume, an in situ treatment using reductive precipitation will be utilized to achieve site 
cleanup levels (CULs) in areas where arsenic contamination persists, following successful 
demonstration of area treatment in pilot scale.  

Reductive precipitation permeable reactive barriers (PRBs) were successfully implemented to 
intercept contaminated groundwater at the leading edges of the arsenic plume at the Site 
following a Phase 1 Pilot Study demonstration (Floyd|Snider/AMEC 2011b; Floyd|Snider AMEC 
2011c; Floyd|Snider/AMEC 2010c; Floyd|Snider/AMEC 2009b). Ecology has requested further 
demonstration of the technology to confirm that it is a proven and cost-effective remediation 
strategy for arsenic treatment application over a plume area. Because groundwater treatments 
are often injected across a plume area as transects that are similar to PRBs, the results of 
previous PRB monitoring may also be relevant to decision-making. Additionally, data from the 
dispersed, area treatment boring locations presented as part of the Pilot Study in this and 
subsequent reports may be used as a basis to design area treatment in the form of PRB-like 
transects. 

1.2 PHASE 2 IN SITU PILOT STUDY AND MONITORING GOALS 

To address the data objectives for the in situ remedial design and to develop a suitable design 
basis, the Pilot Study includes assessment of the effectiveness of treatment options in four 
representative treatment cell zones. The results of treatment based on the second year of 
monitoring are presented in this Report. The results demonstrate the relative effectiveness of 
the amendments and the dosages for plume area treatment under site conditions, and provide 
data to evaluate the permanence of treatment and potential maintenance requirements. These 
results will be used to support remedial approach and design decisions for the anticipated full-
scale application and monitoring program during Phase 3 of CAP implementation. 
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The area of focus and goals of the Pilot Study are described in detail in the Work Plan and 
summarized here. The four Pilot Study treatment cells (refer to Figure 1.1) were designed to be 
located in an area of the plume anticipated to be representative of post-groundwater recovery 
arsenic concentrations and outside the expected influence of groundwater recovery wells. 
Therefore, an area in the central lobe of the arsenic plume was chosen. 

The Pilot Study consists of testing two reagents in a field arrangement intended to determine 
the effectiveness of each for area treatment and to collect data needed for full-scale design 
while simultaneously beginning remediation of a portion of the plume. In order to effectively 
design and implement the full-scale in situ remedy for area treatment, the Pilot Study is intended 
to address the following data objectives: 

• Area (Plume) Treatment. The data are intended to demonstrate reductive 
precipitation as effective for area treatment in addition to PRB application. 

• Amendment Selection. The data are intended to assess whether a custom 
amendment is capable of achieving the cleanup goals specified in the CAP in a more 
cost-effective manner than EHC-M, which was the previous amendment used. The 
custom amendment consists of a sugar substrate, sulfate salts, and a pH buffer 
dissolved in water and injected as a liquid (Floyd|Snider/AMEC 2013). 

• Dosage. The data are intended to assess the application rate of each amendment 
necessary for area treatment to achieve the CUL. 

• Permanence and Maintenance. The study provides indications of the duration and 
long-term stability of treatment in reducing arsenic concentrations to less than the 
CUL, and whether repeat applications are needed to maintain the CUL. 

To address these goals, groundwater monitoring time-series trends and solid-phase speciation 
investigation results are reviewed relative to the data objectives described above. It is expected 
that monitoring data will be used to provide a recommended remedial approach, based on the 
entire Pilot Study, to Ecology in a conclusion report to be submitted based on data collected in 
2014. 
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2.0 Pilot Study Data Collection 

In this section, Pilot Study data collection activities are summarized, including groundwater 
monitoring and solid-phase speciation investigation activities. 

2.1 GROUNDWATER MONITORING 

In accordance with the Work Plan, the monitoring program consisted of a Baseline Monitoring 
Event completed prior to initiating treatment injections, which was followed by quarterly 
monitoring events for 1 year. The results of first year monitoring are reported in the initial 
Phase 2 Pilot Study Report (Floyd|Snider/AMEC 2013). Subsequent monitoring, originally 
planned to be semiannual, was changed to annual in 2013 at Ecology’s request. 

Groundwater samples were collected from the four Pilot Study monitoring wells (D-5U, PD-140, 
PD-141, and PD-142) within the four treatment cells for all groundwater sampling events. 

In Situ Pilot Study Event Occurrence 
Baseline Monitoring September 26, 2011 

Quarterly Event 1 Monitoring January 12, 2012 

Quarterly Event 2 Monitoring March 12, 2012 

Quarterly Event 3 Monitoring June 20, 2012 

Quarterly Event 4 Monitoring October 5, 2012 

Annual Monitoring July 22, 2013 

 
These events were carried out in general accordance with the Work Plan. Monitoring events 
included the monitoring of water quality parameters and the collection and analysis of 
groundwater samples for the following analyses: 

• Total and dissolved arsenic (U.S. Environmental Protection Agency [USEPA] Method 
200.8) 

• Total and dissolved iron (USEPA Method 6010C) 

• Sulfate (USEPA Method 300.0) 

• Sulfide (USEPA Method 376.2) 

• Dissolved organic carbon (DOC; USEPA Method 415.1) 

• Field parameters: pH, dissolved oxygen (DO), oxidation-reduction potential (ORP), 
temperature, and specific conductivity. 

Results of groundwater monitoring are discussed in the following sections. Analytical laboratory 
data reports are included in Appendix A. 
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2.2 SOLID PHASE SPECIATION 

Data collection activities for the solid phase speciation portion of the Pilot Study are described in 
this section. Solid phase speciation research has focused on aquifer solids collected under 
anaerobic conditions from two direct-push soil borings in 2012 located within Treatment Cell D 
of the Pilot Study Treatment Area (IP-1D), where no zerovalent iron (ZVI) was employed, and 
the 12th Street East Treatment Zone (IP-2B), a PRB consisting of ZVI-containing EHC-M. Boring 
locations are illustrated on Figure 1.1. Sample cores were collected from IP-1D and IP-2B at 
depths of 13.5 to16.5 feet below ground surface (bgs) and 17 to 20 feet bgs, respectively. Soil 
samples were submitted for total arsenic, total iron, acid-volatile sulfide, and total solids 
analyses to characterize the soil and aid in collection of x-ray absorption spectroscopy (XAS) 
data (Floyd|Snider/AMEC 2013). 

2.2.1 Sample Preparation 

One 3-foot core of each aquifer sample (ZVI Sample IP-2B and non-ZVI PRB Sample IP-1D) 
was thawed inside of an anaerobic nitrogen/hydrogen(N2/H2)-atmosphere chamber at the 
University of Washington Department of Civil and Environmental Engineering. Each core was 
then dried inside the glove box and homogenized with an acid-washed plastic spoon in an acid-
washed and furnaced (550°C for 4 hours) glass bowl. Dried samples were sieved with a plastic 
#200 sieve (Model SV-165#200, Gilson Company, Inc., Lewis Center, Ohio) to isolate the fine 
fraction. Sieving was done to concentrate the arsenic present in higher-surface area fines and to 
increase the likelihood of collecting usable XAS spectra. Sample material was spread out onto a 
piece of Kapton tape and sealed with additional Kapton tape. These samples were then sealed 
into a gas impermeable (ESCAL™) bag with an oxygen-scavenging sachet. 

In addition, two synthetic minerals were precipitated in the lab for synchrotron analysis, to 
support potential comparison of in situ materials with known minerals with sorbed arsenic. 
Minerals chosen were representative of mineral coatings likely to be present in the aquifer 
sediment material at the Site: mackinawite (an iron monosulfide) and ferrihydrite (an iron 
(oxy)hydroxide). These minerals were spiked with sufficient arsenite solution to achieve 
adsorption onto the precipitates, while avoiding incorporation into the mineral matrix. 

The ferrihydrite sample was created in an ambient atmosphere by dissolving iron(III) nitrate 
(Fe(NO3)2) salt in water and adjusting pH to 5.5. After letting the solution age for 24 hours, it 
was spiked with arsenite, tumbled for 48 hours, and vacuum filtered through a 22 micrometers 
(μm) cellulose filter and then a 0.2 µm polyethersulfone membrane filter. The solids collected on 
the filter were air-dried, knocked off the filter, and ground with an agate mortar and pestle. The 
resulting powder was spread out with a silicone spatula as a thin layer on Kapton tape, then 
covered with another piece of Kapton tape. This sample was stored inside of an ESCAL bag for 
transport. 

The mackinawite (FeS) sample was produced inside of the N2/H2-atmosphere glove box by 
dissolving sodium sulfide (Na2S) and iron(II) chloride (FeCl2) in water. After letting the solution 
age for 29 hours, the pH was adjusted to 6.5 and kept stable for 26 hours. It was then spiked 
with arsenite, tumbled for 48 hours, and vacuum filtered through a 22 μm cellulose filter and 
then a 0.2 μm polyethersulfone membrane filter. The solids collected on the filter were air-dried 
inside the glove box. The resulting paste was spread out in a thin layer on a piece of Kapton 
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tape, then covered with another piece of Kapton tape. This sample was then stored inside of an 
ESCAL bag, with an oxygen-scavenging packet, for transport. 

2.2.2 Synchrotron Data Collection and Analysis 

Aquifer sediment samples and synthetic mineral samples in Kapton tape were analyzed on 
Beamline 2-3 at the Stanford Synchrotron Radiation Lightsource, SLAC National Accelerator 
Laboratory in Menlo Park, California. Using this beamline, micro-x-ray absorption spectroscopy 
(μXAS) spectra were collected, along with micro-x-ray fluorescence (μXRF) element maps to 
elucidate the solid-phase local coordination environment of arsenic. μXAS scans were collected 
for arsenic and iron, while μXRF element maps were collected for the following elements: 
arsenic, iron, sulfur, silicon, phosphorus, chlorine, potassium, calcium, titanium, chromium, 
manganese, nickel, Copper, and zinc. 

μXRF was used to create spatial maps of element locations and relative concentrations as 
indicated by fluorescence detector counts. The mapped domain was a square or rectangle with 
sides between 50 and 150 μm along the edge. The maps were composed of pixels (step size) 
sized 1 μm2. Dwell time was 30 milliseconds (ms). Data were analyzed using the Microprobe 
Analysis Toolkit software (Webb 2006). 

The spatial element maps generated by μXRF were used to determine ideal locations for μXAS 
analysis. Because of the low concentrations of arsenic in the soil, relative to the instrument’s 
detection ability, μXAS data were collected from the locations with the highest fluorescence 
counts of arsenic. Once these locations were determined, between 6 and 7 scans were 
generated for arsenic and 2 to 6 scans were generated for iron. Arsenic scans were collected 
from an energy of 11,640 to 11,900 electronvolts (eV), surrounding the arsenic K-edge 
(11,867 eV). Iron scans were collected from an energy of 7,090 to 7,160 eV, surrounding the 
iron K-edge (7,111 eV). All data were calibrated by shifting energies a constant value, 
determined by the adjustment of iron and arsenate foil standards scans to their proper, known 
K-edge. All data were analyzed using the SIXPack/IFEFFIT software (Webb 2006). 
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3.0 Pilot Study Results 

In this section, the groundwater monitoring results from second year Pilot Study monitoring are 
presented, with discussion trends including the first year monitoring results. Solid phase 
speciation results are presented, with implications for the long-term stability of the treatment. 

Groundwater monitoring is intended to provide the information necessary to address the 
objectives of the Pilot Study, namely the relative effectiveness of the tested reagents and 
dosages in achieving the CUL for area-wide plume treatment, as well as the duration of 
treatment and potential need for maintenance. To assess effectiveness, the change in arsenic 
concentration in response to treatment was monitored. In addition, groundwater parameters 
were monitored to assess the geochemical conditions necessary for the removal of arsenic from 
groundwater by reductive precipitation. These conditions can be divided into two primary 
components: (1) sulfate reducing conditions (i.e., lowered redox potential [Eh] resulting from 
sufficient DOC for microbial metabolism and/or release of hydrogen gas from ZVI), and (2) the 
constituents required to precipitate iron sulfides, that is, sufficient sulfate and iron. 

Solid-phase speciation results are intended to elucidate the mechanisms of arsenic removal 
from groundwater, and the chemical forms in which it is sequestered. 

Refer to Section 4.0 for further discussion and recommendations. 

3.1 DATA QUALITY REVIEW 

A Compliance Screening, Tier I data quality review was performed on the metals and 
conventionals data resulting from laboratory analysis. The analytical data for metals were 
validated in accordance with the 1994 and 2004 USEPA CLP National Functional Guidelines for 
Inorganic Data Review (USEPA 1994 and 2004). The analytical data for conventionals were 
validated based on guidance and quality control criteria documented in the analytical methods. 
A data quality review was not performed on the arsenic speciation or synchrotron data. 

The laboratory noted that the sample cooler temperature (7 ºC) for the soil sample delivery 
group VJ05, was outside of the laboratory standard of 4±2 ºC. Based on professional judgment, 
no sample results are qualified based on cooler temperature, as the samples were delivered 
with minimal holding time (6 hours between sample collection and sample delivery). The method 
blanks had no detections. The matrix spike and laboratory control sample recoveries and 
sample/sample duplicate relative percent differences all met USEPA requirements. 

The data are determined to be of acceptable quality for use. 

3.2 EHC-M TREATMENT CELLS A AND B 

Groundwater conditions within Treatment Cells A and B have been monitored for chemical 
constituents and physiochemical parameters that are used to evaluate the effectiveness of 
treatment and conditions suitable for iron sulfide precipitation. Results from the Pilot Study 
injection treatment groundwater monitoring of Treatment Cells A (D-5U; 0.2 percent EHC-M 
treatment) and B (PD-140; 0.1 percent EHC-M treatment) are presented in Tables 3.1 and 3.2. 
Trends in groundwater constituents used to evaluate the progress of in situ remediation (total 
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arsenic, sulfate, iron, and DOC) are illustrated on Figure 3.1. Total arsenic results from 
compliance monitoring events in April and October 2013, are also included for wells for which 
this information was available (D-5U and PD-141). 

3.2.1 Arsenic 

Arsenic concentrations have continued to decrease since the last reported event in October 
2012 at D-5U and have essentially remained stable at PD-140. Under site conditions, total 
arsenic concentrations are comparable to dissolved arsenic concentrations indicating that the 
majority of arsenic is in the dissolved phase. Results of arsenic speciation indicate that trivalent 
arsenic (As(III)) continues to be the predominant arsenic species measured. 

The concentration of total arsenic at D-5U has decreased from 34.2 µg/L in October 2012 to 
12.4 µg/L in the most recent available data from October 2013, which represents a 64 percent 
decrease for this period. The concentration of total arsenic measured in D-5U during the 
Baseline Monitoring Event in September 2011 was 88.2 µg/L, so the overall decrease in total 
arsenic has been approximately 86 percent over the Pilot Study.  

The concentration of total arsenic at PD-140 has decreased modestly since the last event and 
the trend is essentially stable. The concentration decreased from 11.1 µg/L to 9.6 µg/L. The 
concentration of total arsenic measured at PD-140 during the September 2011 Baseline 
Monitoring Event was 21.7 µg/L, so that the overall decrease in total arsenic has been 
approximately 56 percent over the Pilot Study. 

Concentrations have not yet met the site-wide arsenic CUL criteria of 5 µg/L in either treatment 
zone. 

3.2.2 Sulfate-Reducing Conditions and Iron Sulfide Constituents 

The EHC-M amendment product injected into Cells A and B is intended to introduce sulfate and 
ferrous iron (Fe(II)) into groundwater, release hydrogen gas to chemically lower redox potential, 
and stimulate microbial activity to further depress redox potential and reduce sulfate to sulfide. 
Indications of these processes are inferred by the trends of these constituents and related 
parameters. 

Total iron concentrations have remained stable in D-5U and increased greatly in PD-140. 
Groundwater in the Pilot Study area contained sufficiently elevated iron concentrations prior to 
the Pilot Study so that introduction of iron is not considered necessary for iron sulfide 
precipitation. The concentration of total iron measured in D-5U during the Baseline Monitoring 
Event in September 2011 was 108,000 µg/L. Since the Pilot Study treatment in October 2011, 
concentrations have only varied slightly at D-5U, and the most recent concentration measured 
in July 2013 is 108,000 µg/L. In contrast, the concentration of dissolved iron measured at 
PD-140 has increased to 109,000 µg/L from the September 2011 baseline measurement of 
28,400 µg/L. 

Sulfate concentrations have declined from their apparent peak in the last monitoring event at 
D-5U, and have continued a trend of substantially increasing since the last monitoring event in 
PD-140. Prior to the Pilot Study, groundwater in the study area did not contain sufficient sulfate 
concentrations necessary for arsenic remediation using iron sulfide precipitation, so increasing 
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the sulfate concentration is considered a critical treatment component. The concentrations of 
sulfate measured during the Baseline Monitoring Event (September 2011) at D-5U and PD-140 
were 1,100 µg/L and 500 µg/L, respectively. At D-5U, the concentration of sulfate appears to 
have peaked at 18,400 µg/L in the previous monitoring event in October 2012, and has since 
declined to 5,400 µg/L. At PD-140, the concentration of sulfate increased from its previous high 
of 151,000 µg/L in October 2012, to a new high of 261,000 µg/L. The continued increase in 
sulfate concentration at PD-140, in the lower dosage area for EHC-M and nearly 2 years 
following treatment, suggests that some of the measured sulfate may have been transported in 
groundwater from Treatment Cells C and D. 

ORP measurements in millivolts (mV) indicating redox potential relative to the standard 
hydrogen electrode for wells in both treatment cells decreased markedly in the most recent 
monitoring event. The ORP measured at D-5U decreased from 24 mV to -115 mV, while the 
ORP at PD-140 decreased from -40 mV to -123 mV. These measurements do not directly 
indicate sulfate-reducing conditions (because ORP is a summary measure of the electric 
potential of the groundwater system, which does not specifically quantify the sulfur-specific 
redox couples); the presence of sulfide in groundwater suggests sulfate-reducing conditions 
were attained in water as measured at D-5U. Sulfide was measured at a concentration close to 
the detection limit of 50 µg/L (64 µg/L) at D-5U and not detected at PD-140 in the most recent 
event. Because sulfide readily precipitates with Fe(II), the presence of sulfide in solution 
indicates that conditions are favorable for sulfate reduction and precipitation of mineral phases 
that can sequester arsenic. Sulfide was not detected in groundwater during the Baseline 
Monitoring Event in Treatment Cells A or B at concentrations greater than the method reporting 
limit of 50 µg/L. 

DOC concentrations in both D-5U and PD-140 continued to remain relatively steady since the 
previous monitoring event. The concentration at D-5U decreased from 64,600 µg/L to 
60,000 µg/L, while the concentration at PD-140 decreased from 25,800 µg/L to 21,600 µg/L. 
The concentration at wells in both treatment cells had initially responded to treatment with 
increases of approximately 10,000 to 15,000 µg/L. In both treatment cells, the increase was 
followed by a steady decline and leveling off to approximately pre-treatment concentrations. 

3.3 CUSTOM REAGENT TREATMENT CELLS C AND D 

Groundwater conditions in Treatment Cells C and D were monitored for chemical constituents 
and physiochemical parameters that are used to evaluate the effectiveness of treatment and 
conditions suitable for iron sulfide precipitation. Results from the Pilot Study groundwater 
monitoring of Treatment Cells C (PD-141; 0.07 percent custom reagent) and D (PD-142; 
0.14 percent custom reagent) are presented in Tables 3.3 and 3.4. Trends in groundwater 
constituents used to evaluate the progress of in situ remediation are illustrated on Figure 3.1. 

3.3.1 Arsenic 

Arsenic concentrations have increased at PD-141 since the last reported event in October 2012 
and have essentially remained stable at PD-140 over this period. Under site conditions, total 
arsenic concentrations are comparable to dissolved arsenic concentrations, indicating that the 
majority of arsenic is in the dissolved phase. Results of arsenic speciation indicate that As(III) 
continues to be the predominant arsenic species measured. 
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The concentration of total arsenic at PD-141 increased from 230 µg/L in October 2012 to 
394 µg/L in July 2013, and then decreased to 302  µg/L in the most recent available data from 
October 2013. The concentration of total arsenic measured in PD-141 during the Baseline 
Monitoring Event in September 2011 was 158 µg/L, so the overall increase in total arsenic has 
been approximately 91 percent over the course of the Pilot Study. The increase in arsenic in this 
location may be related to minor changes in the dynamics of the arsenic plume and local 
groundwater flow directions, potentially associated with upgradient remedy components. 

The concentration of total arsenic at PD-142 has decreased modestly since the last event and 
the trend is essentially stable. The concentration decreased from 38 µg/L in October 2012 to 
35.5 µg/L in July 2013. The concentration of total arsenic measured at PD-142 during the 
September 2011 Baseline Monitoring Event was 40 µg/L, so that the overall decrease in total 
arsenic has been approximately 11 percent over the Pilot Study.  

3.3.2 Sulfate-Reducing Conditions and Iron Sulfide Constituents 

The custom reagent amendment product injected into Treatment Cells C and D also introduces 
sulfate into groundwater and stimulates native microbial communities to reduce sulfate to 
sulfide. Pre-existing elevated iron concentrations were expected to provide sufficient iron for iron 
sulfide precipitation. Indications of these processes are inferred by the concentration trends of 
treatment constituents and related parameters. 

Iron concentrations in both treatment cells have remained relatively consistent over the course 
of the Pilot Study, with increases in total iron observed following treatment. The concentration of 
total iron measured at PD-141 during the Baseline Monitoring Event in September 2011 was 
93,300 µg/L. The concentration of total iron at PD-141 was 112,000 µg/L in October 2012 and 
115,000 µg/L in July 2013. Similarly, the concentration of total iron measured at PD-142 in 
September 2011 was 84,500 µg/L. Since the Pilot Study treatment, concentrations have 
increased and were measured at 105,000 µg/L in October 2012, and at 104,000 µg/L in July 
2013. 

Sulfate was not detected at concentrations greater than the detection limit of 50 µg/L in PD-141 
or PD-142 in either of the last two monitoring events. Sulfate was measured at low 
concentrations (up to 11,500 µg/L at PD-141 and up to 800 µg/L at PD-142) following treatment, 
concentrations that were far lower than expected based on the mass of sulfate salt injected. As 
noted previously, increased sulfate concentrations are considered a critical component of 
effective arsenic treatment in this system. 

ORP measurements for wells in both treatment cells decreased in the most recent monitoring 
event. The ORP measured at PD-141 decreased from -37 mV to -119 mV, while the ORP at 
PD-142 decreased from -17 mV to -110 mV. These measurements do not directly indicate 
sulfate-reducing conditions (because ORP is a summary measure of the electric potential of the 
groundwater system, which does not specifically quantify the sulfur-specific redox couples). 
Sulfide was not detected at concentrations greater than the detection limit of 50 µg/L in either 
PD-141 or PD-142 in the most recent event. Sulfide was previously measured at concentrations 
of up to 326 µg/L at PD-141; sulfide has not been detected at PD-142 throughout the study. 
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3.4 SOLID PHASE SPECIATION RESULTS 

Results of the investigation of solid-phase arsenic speciation include the results of soil analyses 
for total arsenic, total iron, acid-volatile sulfide, and total solids; element maps and 
corresponding correlation plots collected using µXRF; and x-ray absorption near-edge 
structures (XANES) collected using µXAS. 

3.4.1 Soil Arsenic, Iron, and Acid-Volatile Sulfide Results 

Results for total arsenic, total iron, and acid-volatile sulfides are presented in Table 3.5. 
Analyses of these analytes were performed primarily for planning synchrotron data collection 
and secondarily to assess evidence for iron sulfides as a removal mechanism in aquifer solids. 
The low arsenic results of less than 2 milligrams per kilogram (mg/kg) in both samples indicated 
that collection of usable XAS spectra would be difficult, because the absorption signal/noise 
ratio is relatively low at low concentrations. To mitigate the low arsenic concentrations, sieved 
samples were used for synchrotron data collection, because the total arsenic concentration is 
generally greater in the higher-surface-area fine fraction. Total iron results were as expected 
and indicated that sufficient iron was present for data collection. Acid-volatile sulfide results 
were approximately 10 times greater in IP-1D (20.6 mg/kg), from Treatment Cell D, than in 
IP-2B (1.87 mg/kg), from the EHC-M PRB at 12th Street East. These results are consistent with 
the presence of iron sulfide precipitate in the aquifer solids, but do not provide conclusive 
evidence of iron sulfide precipitate. 

3.4.2 Element Mapping and Correlation Analysis 

Element maps for iron, arsenic, and sulfur from Sub-samples Z1 and Z4 collected from Sample 
IP-2B, and from Sub-samples NZ2 and NZ4, collected from Sample IP-1D, are shown in 
Appendix B. These results are representative of the data collected, though not necessarily 
representative of the aquifer solids, because these areas were selected based on the presence 
of elevated arsenic suitable for collecting µXAS spectra. 

The maps show mineral grains and grain coatings at the scale of 3,000 to 10,000 µm with color 
intensities indicating the relative fluorescence counts for iron, sulfur, and arsenic. The maps are 
accompanied with plots of correlation between fluorescence counts for iron, sulfur, and arsenic. 
The four map sets were selected because they illustrate spatial correlations between iron and 
sulfur, which provide evidence for the presence of iron sulfide precipitate. In the case of NZ2, 
arsenic is highly correlated with iron and sulfur, and in the case of Z1, arsenic is partially 
correlated with iron and sulfur, but this correlation is not strongest in the area of the mineral 
grain with the highest intensity of iron and sulfur counts, as might be expected. In the Z4 map 
and the NZ4 map, arsenic counts are clustered in a separate location adjacent to the apparent 
iron sulfide precipitate cluster.  

Points of interest corresponding to the locations with the greatest fluorescence counts of arsenic 
were selected for arsenic and iron µXAS analyses, described below. 

3.4.3 Near-Edge Structures and Speciation 

Arsenic XANES results from points of interest in the element maps, normalized for relative 
absorption and plotted versus energy, are shown in Appendix B along with reference spectra 
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from literature sources. The valence state of arsenic in the sample is indicated by the energy of 
the absorption peak, with higher energies of absorption corresponding to more oxidized arsenic 
species. Similar scans of As(III) and arsenate (As(V)) done by others are shown for reference. 

The results show that arsenic is present in the solid phase as both As(III) and As(V). Arsenic at 
the points of interest in Sub-samples Z1 and NZ2 is in the form As(III), while arsenic at the 
points of interest in Sub-samples Z4 and NZ4 is in the form of As(V). As shown in the table 
below, both arsenic valence states were found in aquifer solids from both treatment with ZVI-
containing EHC-M and non-ZVI-containing custom reagent, both in locations correlated with iron 
and sulfur and in locations not correlated with iron and sulfur. 

Sub-sample ID Treatment 
Correlated with 
Iron and Sulfur Species 

Z1 EHC-M No As(III) 

Z4 EHC-M No As(V) 

NZ2 Custom Reagent Yes As(III) 

NZ4 Custom Reagent No As(V) 

 
Iron x-ray XANES results from points of interest in the element maps, normalized for relative 
absorption and plotted versus energy, are shown in Appendix B along with reference spectra of 
potentially-relevant iron minerals from literature sources. The valence state of iron in the sample 
can be interpreted based on the energy of the multiple absorption peaks. The presence of a pre-
edge peak at approximately 7,113 eV in samples such as Z4 suggests the presence of Fe(II) 
compounds consistent with iron sulfides. Further analysis using quantitative methods such as 
linear combination fitting (LCF) may help identify iron minerals with greater certainty. 
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4.0 Evaluation and Recommendations 

In this section, an evaluation of the results is presented relative to the remedial design factors 
as a basis for recommendations regarding remediation of the Outside Area following the second 
year of Pilot Study monitoring. 

4.1 EVALUATION OF REMEDIAL DESIGN FACTORS 

The Pilot Study was intended to test the selected treatments under field conditions to identify 
the optimal dosage; evaluate the delivery systems; and improve the understanding of the 
effectiveness, stability, adverse effects, and necessary monitoring to support the design of the 
full-scale remedy. Two treatment amendments were tested at two concentrations in a field 
arrangement intended to determine the effectiveness of each while simultaneously beginning 
remediation of a portion of the plume. 

Pilot study remedial design factors, described in Section 1.2, are considered in this section 
based on available data. It is expected that additional data will be collected and evaluated prior 
to design and implementation of the full-scale in situ remedy for area treatment. 
Recommendations are provided in the following sections. 

4.1.1 Area (Plume) Treatment 

Indications that remediation has been successful in the monitoring wells representative of 
Treatment Cells A and B suggest that the EHC-M treatment can be successful in attaining CULs 
when used as an area treatment. The use of one monitoring well to assess plume conditions for 
approximately 0.1 acre of plume (the approximate size of the treatment cells) is a reasonable 
basis for drawing this conclusion, because it represents greater density than is likely to be 
utilized to assess groundwater compliance following plume remediation. 

4.1.2 Amendment Selection 

Based on available data, EHC-M would be proposed as the selected amendment. The results 
for EHC-M demonstrate arsenic removal from groundwater to concentrations that approach the 
CUL through apparent precipitation of iron sulfides. Substantially greater effectiveness in 
decreasing arsenic concentrations has been observed in the EHC-M Treatment Cells A and B 
than in the custom reagent Treatment Cells C and D. The arsenic concentrations in the two 
EHC-M treatment cells, Treatment Cells A and B, were last measured at 9.6 and 12.4 µg/L, 
concentrations that approach the CUL level of 5 µg/L and suggest that the treatment can 
achieve cleanup objectives. Further monitoring of EHC-M treatment cells will provide an 
opportunity to assess whether these reagents are capable of attaining the CUL and to further 
assess remedial design factors. 

The custom reagent, as applied and under site conditions, has been successful only in a 
temporary depression of arsenic in Treatment Cell D (PD-142), followed by rebound close to 
starting concentrations within 1 year. This result suggests that the custom reagent has the 
potential to be effective if applied under different conditions. 
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4.1.3 Dosage 

The Pilot Study data provide indications of the range of dosages of EHC-M that may be effective 
in achieving CULs but do not yet provide conclusive data in this regard. The results indicate that 
the 0.2 percent EHC-M amendment is currently the most effective dosage, based on arsenic 
concentration change (88.2 to 12.4 µg/L) and percentage of decrease in arsenic concentration 
(86 percent over the course of the study). The 0.1 percent treatment did not result in as much of 
a decrease in arsenic (44 percent over the course of the study), but resulted in a slightly lower 
final arsenic concentration (9.6 µg/L). Given the different starting concentrations, the available 
data suggest that a range of treatment dosages may be appropriate for different areas of the 
plume. Further monitoring would aid in fine-tuning EHC-M dosage. Additional testing of higher 
custom reagent dosages may be appropriate if a modified custom reagent is applied in future 
testing. 

4.1.4 Permanence and Maintenance 

Reductive precipitation treatment is expected to provide stable, long-term sequestration of 
arsenic within iron sulfide mineral phases. Solid-phase speciation results provide direct 
evidence that arsenic is sequestered in iron sulfide phases, which are more stable over the 
long-term, especially under iron-reducing conditions, and which may form the precursor to 
incorporation in crystalline iron sulfide phases. Based on this finding, it is believed that in situ 
treatment using reductive precipitation under site conditions will result in a permanent long-term 
remedy. 

Permanence and maintenance needs of the treatment, however, cannot yet be fully assessed 
based on Pilot Study results. Monitoring of key geochemical parameters in the treatment areas 
and maintenance injections in recalcitrant areas are expected to be necessary for operations 
and maintenance of in situ treatment for a number of years. Further Pilot Study monitoring is 
expected to provide a clearer picture of monitoring and maintenance needs. 

4.2 RECOMMENDATIONS AND PROPOSED SCHEDULE 

Based on the second year of results of the Pilot Study, collection of additional data would be 
useful to better assess the technology’s capacity to achieve CULs, the proper dosage(s), the 
permanence of the treatment, and the maintenance needs of treatment. The following next 
steps are recommended in order to prepare for an effective design and implementation of the 
full-scale in situ remedy for area treatment. 

Treatment Cells A and B: The current groundwater monitoring program of these treatment 
cells should be continued for an additional monitoring event in 2014 to observe the effect of 
potential further changes in sulfate concentration on arsenic concentrations relative to the CUL, 
provide a clearer comparison of effectiveness at the two dosages, and to provide more 
indications of the duration of EHC-M treatment constituents and the permanence of treatment 
(i.e., potential for rebound). 

Treatment Cells C and D: Based on the lack of treatment effectiveness for the custom 
treatment under site conditions, the custom reagent applied is unlikely to be selected for wider 
use at the site. Under the current anticipated schedule, however, a decision on the Outside Area 
remedial approach is not needed until approximately 2017. If it could be applied successfully, 
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the cost of the custom reagent is expected to be considerably less than that of EHC-M. 
Therefore, it is recommended that additional field pilot testing, if appropriate based on 
recommendations to be provided at the conclusion of the Pilot Study in 2014, be postponed until 
the 2015–2016 timeframe. This additional time may allow the emerging technology of arsenic 
treatment by reductive precipitation to be developed and tested at other sites, and perhaps 
other reagents to become available.  

It is recommended that the current monitoring program of Treatment Cells C and D be 
continued for an additional monitoring event in 2014 to observe the medium-term effects of the 
custom reagent, and provide additional comparative data for evaluation of Treatment Cells A 
and B. 
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Table 3.1
Treatment Cell A—D-5U Groundwater Monitoring Results

B&L Woodwaste Site

Total Metals
µg/L 88.2 70 46 35.7 34.2 15.1
µg/L 75.2 54.3 46.3 36.0 H 17.0 10.0
µg/L 14.4 14.8 3.2 U 3.2 U 12.7 2.6
µg/L 89.7 69.1 49.4 31.0 -- --
µg/L 117,000 117,000 116,000 122,000 120,000 122,000
µg/L 108,000 110,000 103,000 109,000 109,000 108,000
µg/L 55,500 55,900 55,300 58,100 58,000 58,700
µg/L 6,040 5,820 5,340 5,670 5,780 5,900
µg/L 41,400 43,900 39,600 45,700 45,200 47,700

Dissolved Metals
µg/L 87.4 68 45 34.9 37.0 14.6
µg/L 103,000 108,000 103,000 109,000 111,000 108,000

Conventionals
µg/L CaCO3 692,000 674,000 714,000 670,000 710,000 734,000

µg/L CaCO3 692,000 674,000 714,000 670,000 710,000 734,000

µg/L CaCO3 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U

µg/L 14,200 32,400 32,300 31,500 30,400 28,600
µg/L 64,800 75,200 73,200 59,600 64,600 60,000

µg/L CaCO3 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U

µg-N/L 500 JB 100 100 U 100 U 100 U 100 U
µg-N/L 500 U 100 U 100 U 100 U 100 U 100 U
µg/L 1,100 700 1,800 2,200 18,400 5,400
µg/L 50 U 63 50 U 159 57 64

Field Parameters
pH units 6.28 6.57 6.36 6.79 6.27 6.2

mg/L 1.17 0.74 0.82 0.36 0.89 2.01
mS/cm 1.41 1.37 1.45 1.4 0.996 1.5

°C 13.01 10.61 9.88 13.31 19.6 14.9
mV 212 -41 -44 -66 24 -115

Notes:

-- Constituent not analyzed for.
1 Calculated data value.
2 Potential error with field water quality instrument.

Abbreviations:
CaCO3 Calcium carbonate

°C Degree Celsius
µg-N/L Equivalent nitrogen micrograms per liter

µg/L Micrograms per liter
mg/L Milligrams per liter

mS/cm Millisiemens per centimeter
mV Millivolt

ORP Oxidation-reduction potential

Qualifiers:
H Estimated due to presence of blank contamination.

JB Estimated due to presence of blank contamination.
U Not detected.

ORP

Sulfide

pH
Dissolved Oxygen
Specific Conductivity
Temperature

Dissolved Organic Carbon
Hydroxide

N-Nitrate
N-Nitrite
Sulfate

Sodium

Alkalinity

Bicarbonate

Carbonate

Chloride

Arsenic
Iron

Arsenic

Calcium
Iron
Magnesium
Potassium

Arsenic (III)

Arsenic (V)1

Inorganic Arsenic

Constituent 6/20/2012 7/22/2013
Monitoring Event

Unit 9/26/2011 1/12/2012 3/12/2012 10/5/2012
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Table 3.2
Treatment Cell B—PD-140 Groundwater Monitoring Results

B&L Woodwaste Site

Total Metals
µg/L 21.7 25.2 21.3 13.5 11.1 9.6
µg/L 20.8 25.3 23.8 11.1 H 4.99 6.54
µg/L 5 U 1.6 U 1.6 U 0.9 6.75 2.60

µg/L 23.6 25.6 22.8 12.1 -- --
µg/L 40,000 62,500 61,800 56,800 70,500 116,000
µg/L 28,800 60,400 59,600 53,400 69,400 110,000
µg/L 22,700 31,800 30,500 27,700 33,800 57,400
µg/L 6,600 5,270 4,760 4,260 4,840 5,700
µg/L 35,900 38,800 35,800 36,700 38,400 48,600

µg/L 21.8 25.8 21.6 13.7 10.5 8.8
µg/L 28,400 56,900 57,900 54,400 70,000 109,000

Conventionals
µg/L CaCO3 289,000 382,000 415,000 327,000 356,000 523,000

µg/L CaCO3 289,000 382,000 415,000 327,000 356,000 523,000

µg/L CaCO3 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U

µg/L 31,200 19,900 17,800 14,900 14,400 20,200
µg/L 19,700 35,600 34,000 25,400 25,800 21,600

µg/L CaCO3 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U

µg-N/L 500 JB 100 U 100 100 U 100 U 100 U
µg-N/L 500 U 100 U 100 U 100 U 100 U 100 U
µg/L 500 800 4,600 24,400 151,000 261,000
µg/L 50 U 50 U 50 U 71 50 U 50 U

Field Parameters
pH units 6.45 6.60 6.50 6.34 6.31 6.26

mg/L 0.73 0.82 1.19 0.64 3.78 2.48
mS/cm 0.67 0.93 0.95 0.85 0.987 1.5

°C 11.69 9.02 9.04 12.77 11.96 12.5
mV 9 -41 -45 -46 -40 -123

Notes:

-- Constituent not analyzed for.
1 Calculated data value.

Abbreviations:
CaCO3 Calcium carbonate

°C Degree Celsius
µg-N/L Equivalent nitrogen micrograms per liter

µg/L Micrograms per liter
mg/L Milligrams per liter

mS/cm Millisiemens per centimeter
mV Millivolt

ORP Oxidation-reduction potential

Qualifiers:
H Holding time not met. Result is estimated. 

JB Estimated due to presence of blank contamination.
U Not detected.

10/5/20126/20/2012 7/22/2013
Monitoring Event

Dissolved Metals

Unit 9/26/2011 1/12/2012 3/12/2012Constituent

Arsenic

Calcium
Iron
Magnesium
Potassium

Arsenic (III)

Arsenic (V)1

Inorganic Arsenic

Sodium

Alkalinity

Bicarbonate

Carbonate

Chloride

Arsenic
Iron

Dissolved Organic Carbon
Hydroxide

N-Nitrate
N-Nitrite
Sulfate

ORP

Sulfide

pH
Dissolved Oxygen
Specific Conductivity
Temperature
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Table 3.3
Treatment Cell C—PD-141 Groundwater Monitoring Results

B&L Woodwaste Site

µg/L 158 222 215 264 230 394
µg/L 124 169 177.0 195.0 H 160 321
µg/L 37.3 12.3 1.6 U 6.4 U 78.2 17.8

µg/L 162 181 164.0 163.0 -- --
µg/L 105,000 128,000 114,000 115,000 112,000 114,000
µg/L 93,300 112,000 96,300 108,000 112,000 115,000
µg/L 58,300 68,200 59,400 58,300 58,600 58,000
µg/L 8,460 6,210 5,370 4,990 5,040 5,000
µg/L 70,600 56,600 49,100 49,300 53,000 58,700

µg/L 165 204 207 240 233 344
µg/L 92,200 114,000 96,200 107,000 113,000 115,000

µg/L CaCO3 682,000 774,000 692,000 684,000 721,000 651,000

µg/L CaCO3 682,000 774,000 692,000 684,000 721,000 651,000

µg/L CaCO3 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U

µg/L 42,500 40,100 39,900 35,800 34,400 37,300
µg/L 55,600 88,600 60,400 48,800 69,200 46,800

µg/L CaCO3 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U

µg-N/L 600 JB 100 U 100 100 U 100 U 100 U
µg-N/L 500 U 100 U 100 U 100 U 100 U 100 U
µg/L 2,700 11,500 800 1,100 100 U 100 U
µg/L 50 U 326 50 U 83 55 50 U

pH units 6.33 6.13 6.41 6.89 6.27 6.24
mg/L 0.55 0.52 3.082 0.64 0.63 2.56

mS/cm 1.43 1.43 1.47 1.31 1.11 1.4
°C 12.22 8.62 9.14 14.93 18.11 14.3
mV -17 -80 -8 -84 -37 -119

Notes:

-- Constituent not analyzed for.
1 Calculated data value.
2 Air bubbles were noted during measurement.

Abbreviations:
CaCO3 Calcium carbonate

°C Degree Celsius
µg-N/L Equivalent nitrogen micrograms per liter

µg/L Micrograms per liter
mg/L Milligrams per liter

mS/cm Millisiemens per centimeter
mV Millivolt

ORP Oxidation-reduction potential

Qualifiers:
H Estimated due to presence of blank contamination.

JB Estimated due to presence of blank contamination.
U Not detected.

10/5/20126/20/2012 7/22/2013
Monitoring Event

Field Parameters

Dissolved Metals

Total Metals

Conventionals

Unit 9/26/2011 1/12/2012 3/12/2012Constituent

Arsenic
Iron

Arsenic
Arsenic (III)

Specific Conductivity
Temperature
ORP

Hydroxide

N-Nitrate
N-Nitrite
Sulfate
Sulfide

Arsenic (V)1

Inorganic Arsenic

pH
Dissolved Oxygen

Alkalinity

Bicarbonate

Carbonate

Chloride
Dissolved Organic Carbon

Calcium
Iron
Magnesium
Potassium
Sodium
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Table 3.4
Treatment Cell D—PD142 Groundwater Monitoring Results

B&L Woodwaste Site

Total Metals
µg/L 40 23 26 30.4 35.4 33.4
µg/L 26.7 20.4 25.5 28.4 H 19 34.4
µg/L 5 U 1.74 1.6 U 3.2 U 13.9 2.6

µg/L 31.4 22.2 24.7 28.9 -- --
µg/L 113,000 105,000 108,000 109,000 98,600 99,400
µg/L 94,200 112,000 110,000 115,000 105,000 104,000
µg/L 66,100 57,100 58,300 59,300 53,500 53,700
µg/L 11,400 5,090 4,770 4,920 4,540 4,600
µg/L 69,000 46,100 43,100 48,200 44,000 44,800

Dissolved Metals
µg/L 34 22 21 25.9 38 35.5
µg/L 84,500 108,000 103,000 108,000 106,000 103,000

Conventionals
µg/L CaCO3 651,000 616,000 696,000 584,000 668,000 630,000

µg/L CaCO3 651,000 616,000 696,000 584,000 668,000 630,000

µg/L CaCO3 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U

µg/L 52,100 39,400 37,700 38,500 37,200 34,900
µg/L 56,400 61,600 58,000 48,700 54,400 45,600

µg/L CaCO3 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U 1,000 U

µg-N/L 600 JB 100 U 100 100 U 100 U 100 U
µg-N/L 500 U 100 U 100 U 100 U 100 U 100 U
µg/L 3,100 400 800 800 100 U 100 U
µg/L 50 U 50 U 50 U 50 U 50 U 50 U

Field Parameters
pH units 6.31 6.19 6.37 6.22 6.14 6.14

mg/L 0.5 0.89 0.76 1.44 0.94 2.71
mS/cm 1.42 1.33 1.42 1.34 1.25 1.4

°C 13.11 7.9 10.15 14.39 12.34 14
mV -18 -80 -32 -38 -17 -110

Notes:

-- Constituent not analyzed for.
1 Calculated data value.

Abbreviations:
CaCO3 Calcium carbonate

°C Degree Celsius
µg-N/L Equivalent nitrogen micrograms per liter

µg/L Micrograms per liter
mg/L Milligrams per liter

mS/cm Millisiemens per centimeter
mV Millivolt
NA Not analyzed

ORP Oxidation-reduction potential

Qualifiers:
H Estimated due to presence of blank contamination.

JB Estimated due to presence of blank contamination.
U Not detected.

Constituent 6/20/2012 7/22/2013
Monitoring Event

Unit 9/26/2011 1/12/2012 3/12/2012 10/5/2012

Arsenic

Calcium
Iron
Magnesium
Potassium

Arsenic (III)

Arsenic (V)1

Inorganic Arsenic

Sodium

Alkalinity

Bicarbonate

Carbonate

Chloride

Arsenic
Iron

Dissolved Organic Carbon
Hydroxide

N-Nitrate
N-Nitrite
Sulfate

ORP

Sulfide

pH
Dissolved Oxygen
Specific Conductivity
Temperature

F:\projects\B&L O&M\1531 In situ monitoring and Evaluation\Annual monitoring report July 2013\Tables\
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Table 3.5
Selected Total Metals and Conventionals in Solid-Phase

Speciation Soil Samples

B&L Woodwaste Site

Sample ID IP-1D IP-2B
Sample Date 9/11/2012 9/11/2012

Analyte CAS Units
Conventionals

Total Solids -- % 75.2 80.1
Acid Volatile Sulfide -- mg/kg 20.6 1.87

Metals
Arsenic 7440-38-2 mg/kg 1.5 1.3
Lead 7439-89-6 mg/kg 10,600 10,800

Note:
-- Not applicable.

Abbreviations:
CAS CAS Registry Number

mg/kg Milligrams per kilogram

F:\projects\B O\1531 In situ monitoring and Evaluation\Annual
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J/ E Analytical Resources, Incorporated

-J/- Analytical Chemists and Consultants

=J
September 26,2012

Brett Beaulieu
Floyd Snider
600 Union Street, Suite 600
Seattle, WA 98101-2341

RE: B&L Wood Waste, 1431
ARI Job No.: VJ05

Dear Brett:

Please find enclosed the original Chain-of-Custody (COC) record, sample receipt
documentation, and the final results for samples from the project referenced above. Analytical
Resources, Inc. (ARl) accepted two soil samples on September 11 ,2012. For details regarding
sample receipt, please refer to the enclosed Cooler Receipt Form.

The samples were analyzed for total metals and acid-volatile sulfide, as requested.

There were no anomalies associated with the analyses of these samples.

An electronic copy of this report and all associated raw data will remain on file with ARl. lf you
have any questions or require additional information, please contact me at your convenience.

Sincerely,

ANALYTICAL RESOURCES. INC.

Susan D. Dunnihoo
Director, Client Services
sue@arilabs.com
206-695-6207

cc: eFile VJ05

Enclosures

Pase 1 of /6

Cheronne Oreird

4611 South 134th Place. Suite 100. TukwilaWA9B168.206-695-62OO o 206-695-6201 fax
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JA Analytical Resources, Incorporated

at Analytrcal Chemrsts and Consultants Cooler Receipt Forrn

,,o'u"r*^. dJ L )oa)ARI Client:

COC No(s)

tf cooler temperature ts out of compliance ftll out form 70F

Cooler Accepted by

Assroned ARI Job No

Preliminary Examination Phase:

Were rntact, properly srgned and dated custody seals attached to lhe outsrde of to cooler?

Were custody papers lncluded wrth the cooler? . ,.

Were custody papers properly frlled out (tnk, signed, etc )

Temperature of Coole(s) ('C) (recommended 2 0-6 0 'C for chemrstry)

Detrvered bv Fed-Ex UPS courrerQQllDelyyld other._
Tracking

/4
\-N9

NO

NO

, / Temp Gun tD#

1/,r/- ,,^" /66<

YES

t@
{rg

atlach all documents

Was a temperature blank rncluded rn the cooler? . .. lG\.. .

What kind of packrng matenal was used? . Bubble wrap(ruet rfC.r Packs Baggies Foam Block\_--z
Was sufficrent rce used (rf appropriate)e . ...

Were all bottles sealed rn rndrvrdual plastrc bags?

Drd all bottles arnve rn good condrtron (unbroken)?

Were all bottle labels complete and legrble?

Did the number of contarners |sted on COC match with the number of contarners recerved? . , -

Drd all bottle labels and tags agree wrth custody papers?

Were all bottles used correct for the requested analyses? -..

Do any of the analyses (bottles) requrre preserysllen? (attach preservatron sheet, excluding VOCs)

Were all VOC vrals free of arr bubbles?

Was sufficrent amount of samole sent rn each bottle?

maoe aI

@
Samples Logged by

Date VOC Trrp Blank was

Was Sample Splrt by ARI

ARt.. ,.

YES Date/Trme'

Ju^ Date
* Notify Project Manager of discrepancies or concems n

YEs @
Paper Other:

NA YES 6D
YES @
(-S, No

@No

8
@

@No
RNogtrP No

YES NO

YES6
Split by:-__

NO

NO

?s<

Sample lD on Bottle Sample lD on COC Sample lD on Bottle Sample lD on eOC

Additional Notes, Discrepancies, & Reso/ufions.'

By Date

mautra*Ux I I FeabutlblBs
-'&btF I I .2-4nrm

o ll
',' . 1'l t {l

It o O
@

F4rnft

*rl
Small ) "sm"

Peabubbles ) "p5"

Large ) "lg"
Headspace ) "hs"

0016F
3t2t10

Revision 014

e:+l++_-+*.g*a***aEf _4 9.d1E:= . gts€Efggt#!''g

Cooler Receipt Form



Analytical Resources,
Incorporated
Analytical Chemists and
Consultants

Gooler Temperature
Gompliance Form

rAui

Version 000
3/3/09

!E=-€+:--.a*+*eE

Cooler Temperature Compliance Form



Acid-volatile sulfide

Subject: Acid-volatile sulfi de
From : Brett Beaulieu < Brett. Beaulieu@fl oydsnider.oom>
Date: 911212O12 2:49 PM
To:'Cheronne Oreiro' <cheronneo@arilabs.com>

Hi Cheronne,

I would lt ke to add acid-volatile sulfide analysis for the two samples that I dropped off yesterday, lP-1D and tP-28, for the B&L Woodwaste Site.

Thanks !

Brett Beaulieu. LHG
FLOYDISNTDER
Tuio Unron Square
601 Unron Street, Sufe 600

Seattle, VUA 98101

tel 2062922078
tax 2OO 6a27E67

brett beauheu@flovdsnrder com

The informahon contarned In thrs e-marl may be prrvileged, confidential, and protected from dsclosure.
lf you are not an Intended reciprent you must not use, disclos€, dtssemtnate, copy or prifi rts contents.
lf you thtnk you have recerved thrs e-mail rn error, please notrry the sender by reply e-mail and delete the message.

I of I



Sample ID

Sanp].e rD Cross Reference Report eI3ffiS*(O
INCORPIORATED

ARI Job No: VJ05
Cl-ient: Floyd-Snider
Project Event: 1431

Project Name: B&L Woodwaste

ARI ARI
Lab ID LII{S fD Matrix Sample Date/line VISR

1. IP-1D
z. rE-zE

VJ05A 1.2-]-7329 Soil 09/11-/72 10:00 09/11,/1,2 16:00
VJ05B 12-17330 Soil- 09/LI/72 13:30 09/1,1,/12 16:00

Printed 09/I2/I2 Page 1 of 1

Es-.e gl+ . H"s-klHFHs*



firsffi:rb@
INCORPORATED

INORGA}UCS A}IAIYSIS DATA SHEET
TOTAI. METAIS
Page 1 of 1

Lab Samp1e ID: VJ05A
LIMS ID: 12-77329
Matri-x: Soil-
Data Rel-ease Authorized
Reportedz 09/20/1.2

Percent Total- Sol-ids: 71.68

Sample ID: IP-1D
SAMPI,E

QC Report No: V.105-Floyd-Snider
Project: B&L Woodwaste

14 31
Date Sampled: 09/1.1./1.2

Date Received: 09/1I/12

Prep
M€th

Prep Analysis
Date Method

Analysis
Date CAS Nunber Analyte LOQ nglkg-dry

30s0B 09/1.7 /1,2 200.8
30s08 09/1.7 /12 6010C

09/1.8 /12 7440-3A-2
09/19/12 7439-89-5

Argenic
Iron

n?
'7

1.5
10,600

U-Analyte undetected at given LOQ
LOQ-Limit of Quantitation

FORM-I



firsbfis*@
INCORPORATED

INORGA}IICS A}IAIYSIS DATA SHEET
TOTAI METAIS
Page 1 of 1

Lab Sample ID: VJ05B
LIMS IDz 72-71330 n

Matrix: SoiI tnnl
Data Rel-ease Authorj-zedt|flX
Reported: 09/20/I2 V
Percent Total Sol-ids: 79.1?

SampJ.e ID: IP-28
SAMPI,E

QC Report No: V.IO5-Floyd-Snider
Project: B&L Woodwaste

14 31
Date Sampled: 09/II/72

Date Received: 09/II/12

Prep Prep Analysis Analysis
ldeth Date !4ethod Date CAS Nuuber Analyte LOQ uglkg-dry A

3050B 09/11 /12 200.8 09/I8/12 7440-38-2 Arsenic
30508 09/1,1/1,2 6010C 09/19/72 7439-89-6 Iron

U-Anal-yte undetected at given LOQ
LOQ-Limit of Quantitation

o.2 1.3
6 10,800

FORM-I
- +---+?q"€n

=s- -E Sf-EYA 9flLdESf$t#E.++



ANAI\r?r.!Ar a

"="',iil'iEi!@INCORPORATED
INORGANICS A}iIALYSIS DATA SHEET
TOTAI METALS Sanple ID: LAB CONTROL
Page 1 of 1

Lab Sample ID: VJOSLCS QC Report No: VrI05-Floyd-Snider
LIMS ID: L2-1-7329 Pro j ect : B&L Woodwaste
Matrix: Soil rA L' 1431
Data Release Authorized{rw Date Sampled: NA
Reported: 09/20/12 f'7 Date Received: NA

\.J

BI.AI.IK SPIKE 9UALITY CONTROL REPORT

Analyte
Analysie

ldethod
Spike
Found

Spike t
Added Recoverlr O

Arsenic 200.8
Iron 6010C

Reported in mglkg-dry

N-Control- l-imit not met
NA-Not Applicable, Analyte Not Spj-ked
Control- Limits: 80-1208

25.0 105t
200 1018

zo. z
202

FORM-VII



fir$fisrb@
INCORPORATED

INORGAI.IICS AITIAIYSIS DATA SHEET
TOTAT METAIS
Page 1 of 1

Lab Sample ID: VJO5MB
LIMS ID: 1,2-1,'7329 ,. n i ,/Matrix: Soil ly(\/
Data ReLease AuthorizedN W
Reported z 09/20/12 U

Percent Total Sol-ids: NA

SampJ.e ID: METHOD BLAIIK

QC Report No: VJO5-Floyd-Snider
Project: B&L Woodwaste

14 31
Date Sampled: NA

Date Received: NA

Prep Prep Analysis Analysis
Meth Date l{ethod Date CAS Nunber Analyte LOQ \Slkg-drrl A

3050B 09/71/1,2 200.8 09/1,8/12 7 440-38-2 Arsenic
3050B 09/1,1/1,2 6010C 09/1,9/12 7439-89-6 Iron

U-Anal-yte undetect.ed at given LOQ
LOQ-Limit of Quantitation

0.2 0.2 u
5U

FORM-I
ES -S qf$:? FlHESf;S S Ef*



SAI.{PLE RE SttLTS -COI{VENT IOIIAIJS
VJO5-FIoyd-Snider Ar35ilSrb@

INCORPORATED

Matri-x: Soil-
Data Rel-ease Authori-zed
Reported: 09/26/1.2

Analyte

Project: B&L Woodwaste
Event: 1431

Date Sampled: 09/1.I/12
Date Received: 09/11,/1,2

Client ID: IP-1D
ARI IDt L2-17329 vJ05A

Date Method Units RL Sample

Total- Sol-ids

Acid Vol-atil-e

09 /79 / 12
09r_912#1

09/25/1,2
o925]-2#1,

SM254OB

EPA 1991

Percent

mg/kg

0.01

1.31

75.20

zu.o

RL
U

Sul fide

Analytical- reporting limit
Undetected at reported detection l-imit

Soil Sample Report-V.f05



gAIvtPLE RE SttLTS - CONVENT IONAIS
VrfO5-FIoyd-Snider

ANALY1SAL A
RESOURCESV
INGORPORATED

Pro-i ect: B&L WoodwasteMatrix: Soil- A /
Data Release Authorized\ l\{
Reported: 09/26/12 f l,

U

Event: 1431
Date Sampled: 09/1I/12

Date Received: 09/1,I/1,2

Analyte

C].ient ID: IP-28
ARI ID: L2-L7330 vJ05B

Date Method Units RL Samp1e

Total- Sol-ids 09/I9/'J-2 SM2540B Percent 0.01 80.10
09L9L2t*L

Acid Vol-atile Sul-fide 09/25/12 EPA 1991 mg/kg 1,.26 1.87
0925I2#I

RL Analytical reporting limit
U Undetected at reported detection li-mit

Soil Sample Report-VJOs
- ! .g+=5,f -t !fEr? f,#swglcf* ! -F



Ms/r'IsD REst LTs-Col{vENTIotlAIS 4NALyT1CAL AVrrO5-Floyd-Snider RESOURCESV
INCORFORATED

Matrix: Soil AN ,',. Proj ect : B&L Woodwaste
Data Rel-ease Authorized,l\1fl Event: 1431-
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Note: 
1.  Map dimensions are 100 µm x 100 µm. 

Abbreviations: 
As = Arsenic  
Fe = Iron 
µm = Micrometer 

µXRF = Micro-x-ray fluorescence 
S = Sulfur  
XANES = X-ray absorption near-edge structures 
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Note: 
1.  Map dimensions are 50 µm x 60 µm. 

Abbreviations: 
As = Arsenic  
Fe = Iron 
µm = Micrometer 
 

µXRF = Micro-x-ray fluorescence 
S = Sulfur  
XANES = X-ray absorption near-edge structures 
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Figure B.2
Z4 µXRF Maps and

Correlation Plots
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Note: 
1.  Map dimensions are 70 µm x 70 µm. 

Abbreviations: 
As = Arsenic  
Fe = Iron 
µm = Micrometer 
 

µXRF = Micro-x-ray fluorescence 
S = Sulfur  
XANES = X-ray absorption near-edge structures 
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Figure B.3
NZ2 µXRF Maps and

Correlation Plots
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Note: 
1.  Map dimensions are 50 µm x 60 µm. 

Abbreviations: 
As = Arsenic  
Fe = Iron 
µm = Micrometer 

µXRF = Micro-x-ray fluorescence 
S = Sulfur  
XANES = X-ray absorption near-edge structures 
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Figure B.4
NZ4 µXRF Maps and

Correlation Plots
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