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1 INTRODUCTION

The Soil Amendment Technology Evaluation Study (SATES) is designed to identify and field test
a soil amendment technology or technologies that could appropriately and cost-effectively reduce
the long-term potential for human exposure to lead in shallow upland soils in the Upper Columbia
River (UCR) (hereinafter, the Site!) (USEPA 2016). This study is part of the ongoing UCR remedial
investigation and feasibility study Teck American Incorporated (TAI) is conducting under U.S.
Environmental Protection Agency (EPA) oversight, as required by the settlement agreement
between TAI and EPA, dated June 2, 2006. The background, purpose, and description of SATES
and the participants are detailed in the following EPA-approved documents:

e Final Work Plan for the Soil Amendment Technology Evaluation Study Phase I: Test Plot
Characterization and Initial Amendment Alternatives Evaluation (hereinafter the Phase I Work
Plan; Ramboll 2017a)

o Addendum— Soil Amendment Technology Evaluation Study (SATES) Final Work Plan for the Soil
Amendment Technology Evaluation Study, Phase I: Test Plot Characterization and Initial
Amendment Alternatives Evaluation (Ramboll 2017b).

SATES is subdivided into four phases:

e Phase I - Test plot characterization and amendment alternatives screening

- Phase IA — Test plot screening and selection (Part 1) and baseline soil characterization
(Part 2)

- Phase IB - Soil amendment technology screening and design
e Phase II - Bench-scale treatability testing
e Phase III - Test plot field-scale implementation (field-scale pilot testing)
e Phase IV - Test plot monitoring.

Phase II will involve a series of laboratory bench-scale treatability tests designed to evaluate soil
amendment options. The work plan for the Phase II bench-scale treatability study is presented two
parts: 1) the EPA-approved soil sample collection work plan (Ramboll 2018b) and 2) the bench-

scale testing work plan described in this document.

! The Site as defined within the June 2, 2006, Settlement Agreement is the areal extent of hazardous

substances contamination within the United States in or adjacent to the Upper Columbia River, including
the Franklin D. Roosevelt Lake, from the U.S. — Canada border to the Grand Coulee Dam, and those areas
in proximity to the contamination that are suitable and necessary for implementation of response actions.

Ramboll 1-1
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The objectives of the Phase II bench-scale treatability study are to: 1) evaluate whether soil
amendments show potential to reduce the bioaccessibility of lead in Site soils; 2) evaluate the
impact of amendments on key soil chemical and physical properties; and 3) develop data that can
be used to reduce uncertainty about selection of amendment technologies for application in Phase
III. Soil amendments to be evaluated in the Phase II bench-scale treatability study are soluble
phosphate, biosolids, wood ash, biochar, and compost (Ramboll 2018a). The results will be used
to identify the soil amendment options that most effectively meet the SATES data quality
objectives (DQOs) and select which amendment technologies to carry forward for further
evaluation in Phases III and IV - the field-scale pilot implementation and test plot monitoring.

Field testing of the selected soil treatment or treatments will occur within decision units (DUs) 258,
401, and 441 (see Map 4-1), located on Confederated Tribes of the Colville Reservation (CCT) tribal
allotments characterized during the 2014 residential soil sampling study (CH2M HILL 2016). Six
test plots within these DUs were selected for initial soil screening (SATES Phase IA Part 1) and,
based on the screening results, four test plots (258-3, 401-1, 401-2, and 441-1) were selected for
more detailed baseline soil characterization (SATES Phase IA Part 2), consistent with the Phase I
Work Plan (Ramboll 2017a).

This Phase II work plan is organized into ten sections:

e Section 1 - Introduction

e Section 2 — Soil collection and processing

e Section 3 — Amendment prescreening and selection
e Section 4 — Amendment rate rationale

e Section 5 — Bench-scale testing design

e Section 6 — Monitoring and analysis program

e Section 7 — Data evaluation and interpretation

e Section 8 — Quality assurance and quality control

e Section 9 — Data verification and validation

e Section 10 — References.

Ramboll 1-2
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2 SOIL COLLECTION AND PROCESSING

21 SOIL COLLECTION

The bulk soil sampling for Phase Il bench-scale testing was performed in accordance with the EPA-
approved Phase 1II soil collection work plan (Ramboll 2018b). Note that the soil samples were
collected from the buffer areas in the test plot that will not be sampled as part of the as part of
Phase IV test plot monitoring. The sampling strategy that preserves the integrity of the soil
sampling conditions as part of Phase IV is discussed in the Phase I Work Plan (Ramboll 2018).

The soil samples were collected from test plot 401-2 (Map 1-1) on October 18, 2018, and the samples
were received at The Ohio State University (OSU) on October 23, 2018. The objective was to collect
soil that is representative of test plot conditions for the laboratory bench-scale treatability tests.
With a mean soil lead concentration greater than 500 mg/kg, test plot 401-2 was selected to supply
the soils for bench-scale testing (see Map 2-1). Following approval from the landowner’s
representative (CCT) and EPA, 16 soil samples were collected from the 4-foot (ft) buffer zones
inside test plot 401-2, between the treatment sub-plots. Samples were collected from beneath
vegetation and surface debris (e.g., undecomposed vegetation litter and surficial rocks) over a 2-
by 2-ft area to a depth of 3 in. below the surficial debris. Final sample locations were selected in
the field using a hand-held x-ray fluorescence (XRF) meter to ensure that lead screening
concentrations met study criteria. XRF readings were taken from the surface (after clearing

vegetation and surface debris) and approximately 1 in. below that.

Soil from each sample location was placed into three separate 5-gallon (gal) polyethylene buckets
lined with two 3-mil (0.003 in.) thick food-grade plastic bags. A total of 48 buckets of soil were
collected, with approximately 2.5 gal of soil in each bucket. The buckets were delivered by the
field sampling team to Anatek Labs in Spokane, Washington. Anatek Labs then shipped the
buckets to OSU.

2.2 SOIL PROCESSING PROCEDURE

The OSU laboratory processed the soil collected for the Phase II bench testing in accordance with

the procedures described in the following subsections.

2.21 Lead Screening

Lead screening was conducted on the soil in each bucket to verify that, once combined into a single
composite sample, the soil for the bench testing would have elevated lead concentrations. Soil in

each bucket was homogenized by mixing in a 50-gal drum cement mixer, and the mixed soil was

Ramboll 2-1
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screened for total lead concentration using an XRF unit, following the procedure described in
Standard Operating Procedure 1 (SOP 1) (see Appendix A). If the homogenized soil in a bucket
had a lead concentration less than 800 mg/kg, that soil was not used in the composite soil sample
for the laboratory bench tests. Based on the screening results, soil in three buckets (bucket numbers
17, 33, and 41) was not used. The XRF screening results are summarized in Table 2-1 and may be
obtained from the secure UCR web tool, accessible to registered users at: http://teck-

ucr.exponent.com.

Note duplicate samples were not collected during the lead screening, which is a deviation from
the procedure outlined in SOP 1. The impact of this deviation on project quality control is

negligible.

2.2.2 Soil Homogenization

To create the composite soil sample for the bench-scale treatability tests, soil from buckets with
lead concentrations greater than 800 mg/kg was combined and homogenized in an approximately
200-gal cement mixer for 2 hours. It was then sieved, consistent with SOP 2 (adapted from McClure

[2001]) (Appendix A), to develop a sample grain size fraction less than 2 mm in diameter.

The homogenized soil was divided equally into 16 containers. Eight containers were randomly
selected by numbering the 16 containers then using an Excel formula to generate eight random
numbers from 1 to 16 for the container selection. Three soil samples were collected from the top,
middle, and bottom of soil in each of the 8 containers, resulting in 24 soil sub-samples. The soil
sub-samples were analyzed for total lead using an XRF unit as described in SOP 1 (Appendix A),
and the range of lead concentrations measured in individual containers and among the 8
containers was evaluated statistically.? The results of the XRF screening of the post-
homogenization soils are included in Appendix B (Table B-1 and B-2), along with the laboratory
quality control data (Table B-3 and B-4). There was no statistical difference in total lead
concentrations at a probability level less than 0.1 (P < 0.1), indicating that the lead in the soils was
uniformly distributed in and among the containers, and therefore deemed to be representative of

a single homogeneous sample suitable for use in the bench-scale treatability tests.

2 Variance within each container was evaluated using Cochran’s test statistic (C0). This analysis divides the
largest variance between samples in the same container by the sum of all variances within each container.
The soil is deemed homogenous in the containers if the test statistic (CO0) is not significant at a 95 percent
probability level, which is determined with (n-1) degrees of freedom, where n is three (i.e., the number of
sub-samples for a single container). Variance between containers is evaluated using a one-way analysis of
variance (ANOVA) with a calculated probability of P < 0.01. An ANOVA compares the means between
groups and determines whether any of those means are statistically significantly different from each other.

Ramboll 2-2
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After processing, 430 Ib of soil with grain sizes <2 mm was available for use in the bench tests.
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3 AMENDMENT PRESCREENING AND SELECTION

3.1 SOIL AMENDMENT REVIEW

Candidate soil amendments were selected for potential evaluation in the bench-scale testing based
on their properties and test plot soil characteristics from Phase IA, as described in the Phase IB
amendment screening and design memorandum dated January 11, 2019 (Ramboll 2018a).? The soil
amendment technology options selected for evaluation in Phase II (candidate amendments) and

the rationale for selecting these amendments are summarized below.

3.1.1  Soluble Phosphate

Phosphorus is the most extensively studied proposed amendment with proven efficacy to reduce
lead bioaccessibility. A clear link between lead pyromorphite formation and bioaccessibility
reduction has been demonstrated in several studies (Scheckel et al. 2013), and reductions in
bioaccessibility associated with chloropyromorphite formation are considered to be permanent
unless extreme changes in soil conditions occur. Chloropyromorphite is the least bioaccessible and
most stable form of lead pyromorphite; it is considered to be a permanent, stable form unless

extreme changes in soil conditions occur (Basta et al. 2016).

For the bench testing, soluble phosphate will be applied using a phosphate-based fertilizer
product that contains phosphorus as either monoammonium phosphate (MAP), triple super
phosphate (TSP) or both. For each case where soluble phosphate is applied, potassium chloride
fertilizer will be added as an adjunct amendment to the phosphorus. The presence of potassium
chloride can promote the formation of chloropyromorphite (N. L. Basta personal communication
2019).

The soluble phosphate is also expected to nourish vegetative growth in a manner that could reduce
the potential for human exposure to lead-impacted soil by acting as a barrier to prevent direct

contact with surface soil.

3.1.2 Biosolids

High-iron biosolids have been shown to reduce lead bioaccessibility (Brown et al. 2012) in
association with lead sorption to iron oxide and manganese oxide surfaces, and through

pyromorphite formation related to phosphorus content. The relatively high organic carbon content

3 The Phase IA Data Summary Report (Ramboll 2019) presents a detailed discussion of the Phase IA test
plot screening and characterization procedures and results.
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in biosolids may also reduce lead bioaccessibility by sorption of lead through chelation. Biosolids
are also expected to nourish vegetative growth in a manner that could reduce the potential for
human exposure to lead-impacted soil, again by reducing the potential for direct contact with

surface soil.

3.1.3 Wood Ash

Wood ash has not been thoroughly tested for its ability to reduce lead bioaccessibility; however, it
often contains phosphorus, which may play a role in pyromorphite formation. Additionally, the
presence of iron and manganese may reduce lead bioaccessibility through lead sorption. Wood
ash commonly contains chloride, which would promote reduction of lead bioaccessibility by
contributing to the formation of chloropyromorphite. Wood ash may also nourish vegetative
growth in a manner that could reduce the potential for human exposure to lead-impacted soils.

3.1.4 Biochar

Similar to wood ash, biochar has not been thoroughly tested for its ability to reduce lead
bioaccessibility; however, it has the advantage of being a tailored product so that a specific variety
could be developed to reduce lead bioaccessibility in soil. The relatively high organic carbon
content of biochar may reduce lead bioaccessibility by sorption of lead through chelation. Biochar
may provide nutrients and improve soil conditions, which could increase vegetative growth in a

manner that could reduce the potential for human exposure to lead-impacted soil.

3.1.5 Compost

Composts are a good source of organic matter and soil nutrients, and they can contain significant
levels of phosphorus. The relatively high organic carbon content in compost may also reduce lead
bioaccessibility by sorption of lead through chelation. Compost with reactive forms of iron and
manganese may also reduce lead bioaccessibility through lead sorption. Compost is expected to
nourish vegetative growth in a manner that could reduce the potential for human exposure to
lead-impacted soil.

3.1.6 Combined and Secondary Amendments

Each of the amendments described above may be used in combination with another amendment
to enhance the efficacy for reducing lead bioaccessibility in soil. Several combinations, such as a
mixture of soluble phosphate and biosolids, have been shown to be very effective in reducing lead
bioaccessibility (Brown et al. 2007; Obrycki et al. 2017a; Sieblec et al. 2013). As discussed in Section
3.1.1, potassium chloride will be combined with soluble phosphate in the bench-scale treatability

tests.

Ramboll 3-2
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Aluminum-based water treatment residual (WTR), also referred to as alum-based WTR material
has been considered as a potential secondary amendment because of the potential for reactive
aluminum in the material to sorb lead and thereby reduce lead bioavailability in soil. A sample of

alum-based WTR was evaluated as part of the amendment prescreening, as described below.

3.2 AMENDMENT PRESCREENING

Laboratory prescreening was conducted on samples of each candidate amendment to
preliminarily assess their composition and effectiveness in reducing lead bioaccessibility in lead-
contaminated soil. Properties of these amendments important for preserving or enhancing soil
quality and reducing lead bioaccessibility were also evaluated, including total carbon, total
nitrogen, select toxic metals, and reactive iron and aluminum oxide determined by acid

ammonium oxalate.

The prescreening results and publicly-available performance data from other studies (Brown et al.
2007; Obrycki et al. 2017a; Sieblec et al. 2013) were used to identify the amendment alternatives
(individual and combined) for further evaluation in Phase II. The prescreening criteria and
methods used, the results, and the amendment combinations selected for the bench tests are

described below.

3.21 Soil Amendment Prescreening Analyses and Methods

To aid the design of the bench-scale tests and selection of soil amendments, samples of the
amendments identified in Section 3.1 were obtained and analyzed for the following parameters
using methods summarized in the referenced SOPs, provided in Appendix A:

¢ Lead sorption capability (see SOP 3)

e Total lead, arsenic, zinc, cadmium, copper, and nickel by XRF (see SOP 1)

e Total carbon and nitrogen (see SOP 4)

¢ Oxalate-extractable aluminum, iron, manganese, and phosphorus (see SOP 5)

e Phosphorus saturation (Psat) (calculated to evaluate the amount of phosphorus available
to react with lead, which may indicate a good candidate for remediation via pyromorphite
formation)*

¢ For materials with Psat less than 25 percent, the phosphorus is not likely to be available to react with lead
or result in pyromorphite formation. For the purposes of this bench-scale testing, calculations of available
phosphorus assume a 25% inefficiency rate.
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e Available phosphorus (the sum of the soluble phosphorus and easily released phosphorus
from the amendment that is available to react with lead in soil).

The methods used for these analyses are summarized in Tables 3-1a and 3-1b.

The lead sorption test method, provided in Appendix C, was developed by EPA Research Soil
Scientist Dr. Mark Johnson and used by the OSU soil laboratory team for amendment
prescreening. The method evaluates amendment sorption potential and the reversibility of lead
sorption. To evaluate sorption potential, the method involves combining a synthetic precipitation
leaching procedure (SPLP) extract (from test plot soil with a known lead concentration) with a
small amount of the amendment material being analyzed. The lead concentration remaining in the
solution after the extract is mixed with the amendment is measured to determine the lead
reduction potential of the material. To evaluate the reversibility of lead sorption, the amended
extract is challenged with calcium chloride (CaClz) to determine if the lead sorbed to the
amendment is weakly bound.® The lead sorption test method was used in advance of the bench
tests to screen and rank materials for the potential to reduce soluble lead in Site soils.® The percent
reduction of soluble lead is calculated as follows:

soil SPLP [Pb] — amended soil SPLP [Pb]

reduction x soil SPLP [Pb]

Where:
soil SPLP [Pb] = lead concentration in SPLP extract from test plot soil
amended soil SPLP [Pb] = residual lead concentration in extract after adding
amendment material
Pb reduction = reduction in lead concentration, percent

Total metals, 0.2 molar acid ammonium oxalate at pH 3.0-extracted metals, and total carbon and
nitrogen were obtained using the following analysis methods, respectively: EPA Method 6010
(USEPA 2007a), McKeague and Day (1966), and Nelson and Sommers (1996) (see SOPs 10, 4, and
5in Appendix A).

The Psat values are calculated as follows:

oxalate [P]
oxalate [Al] + oxalate [Fe] + oxalate [Mn]

Psat = 100 x ( )

5 Prescreening results of the amendment extraction with 0.01 molar CaClz solution were below analytical
instrument detection limits, and thus, are not included in the percent lead reduction.

¢ The percent reduction in soluble lead in the prescreening tests will likely be much higher than
bioaccessible lead reductions tested with gastric fluid extraction standards.
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Where:

oxalate [P]

phosphorus concentration extracted by oxalate extraction, moles per
kilogram (mol/kg)

oxalate [Al]

aluminum concentration extracted by oxalate extraction, mol/kg

oxalate [Fe] iron concentration extracted by oxalate extraction, mol/kg

oxalate [Mn]

manganese concentration extracted by oxalate extraction, mol/kg
Piat = phosphorus saturation

Available phosphorus is calculated as follows:

Available P = oxalate [P] — {[0.25 X (oxalate [Fe] + oxalate[Al] + oxalate[Mn])] x 30.974 P/ }
mol

Where:
Available P = available phosphorus, g/kg
P = phosphorus concentration extracted by oxalate extraction, g/kg
Fe = iron concentration extracted by oxalate extraction, mol/kg
Al = aluminum concentration extracted by oxalate extraction, mol/kg
Mn = manganese concentration extracted by oxalate extraction, mol/kg
30.97 = molar conversion factor based on atomic mass of phosphorus, grams

phosphorus per mole (g P/mol)

3.2.2 Soil Amendment Prescreening Results

The soil prescreening results are summarized in Tables 3-1a through 3-1b. Notable results are
summarized below. Phosphorus, Psa;, and oxalate-extractable metals analyses provided the most
useful information relating to the expected treatment efficacy.

Soluble Phosphate

A commercially available general purpose fertilizer (16-16-16 blend) was used for the prescreening
evaluation. The available phosphorus content of the tested fertilizer was 77.5 g/kg, which was
within the range of expected concentrations. The phosphorus in this brand was MAP, according
to the product label. This fertilizer also contained cadmium at a concentration of 54.7 mg/kg which
could limit the amount of fertilizer application in our study. The fertilizer rule in the state of
Washington is based on limiting cadmium application to 0.089 kg/ha/yr for 45 years. The
maximum cumulative addition of cadmium is 4 kg/ha based on Canadian Food Inspection Agency
international trade standards (CFIA, 1993). Alternative phosphorus fertilizers locally available to

the UCR area will be identified and analyzed for metals prior to use in bench-scale testing; only
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those with lower heavy metals concentrations will be used. The fertilizers that may be used in the
bench tests have not yet been determined.

Based on the results of the lead sorption test, the soluble phosphate application demonstrated one
of the largest reductions in soluble lead (greater than 97 percent reduction in soluble lead). This

reduction was likely due to lead pyromorphite formation using available phosphorus.
Biosolids

The biosolids used for the prescreening were obtained from a municipal wastewater treatment
facility. (The public entity that is supplying the biosolids for the bench tests requested that the
source information remain confidential.) The biosolids sample contained a relatively high
concentration of iron (28 g/kg) as well as 18 g/kg of available phosphorus. The lead sorption test
on this sample resulted in a 93 percent reduction in soluble lead, demonstrating the potential to
reduce lead bioaccessibility in Site soils. The reductions in soluble lead were likely due to a
combination of phosphorus potentially available for reaction with lead, iron and/or manganese
present in a form that may provide lead sorption as a potential binding mechanism, and a total
carbon content (36.8 percent) at a level where the carbon may adsorb lead through surface

chelation.
Wood Ash

The wood ash used for the prescreening was obtained from Avista’s Kettle Falls Biomass
Generating Station, in Kettle Falls, Washington, where wood ash is a byproduct of biomass-based
power generation. The wood ash sample contained a moderate amount of phosphorus (4.5 g/kg),
with 0.82 g/kg potentially available to react with lead, which is relatively low. The wood ash also
contained the highest reactive manganese content of the amendments tested. Reactive manganese
has the potential to tightly bind to lead in a manner that reduces lead bioaccessibility. The lead
sorption test results produced one of the largest reductions in lead bioaccessibility among the
tested amendments (greater than 97 percent reduction of soluble lead), which could be the result

of reactivity with both the reactive phosphorus and manganese fractions.
Biochar

The biochar that was prescreened is a locally-available commercial product called Black Owl
Environmental Ultra. This product has a low phosphorus content (0.558 g/kg), with 0.354 g/kg
potentially available phosphorus to react with lead. This biochar showed 100 percent reduction of
soluble lead in the sorption test, which is likely the result of lead adsorption onto organic surfaces
of the biochar or chelation with organic carbon.

Compost
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The compost material selected for the prescreening evaluation is a commercially available,
compost-based potting soil product (G&B Organics Potting Soil). The tested compost had low to
moderate phosphorus content (1.4 g/kg), with 0.95 g/kg potentially available phosphorus to react
with lead. The material tested had a Psat value of 74 percent, and it demonstrated a 95 percent
reduction of soluble lead in the sorption test. The soluble lead reduction was likely due to a
combination of phosphorus potentially available for reaction with lead and a sufficiently high total

carbon content (35.2 percent) where the carbon may adsorb lead through surface chelation.
Water Treatment Residuals

The WTR used for the prescreening was obtained from a municipal water treatment facility. The
WTR had essentially no potentially available phosphorus for treatment due to a low phosphorus
content and high aluminum content. The lead sorption test results indicated that WTR yielded a
79 percent reduction of soluble lead and therefore showed the lowest potential to reduce lead
bioaccessibility. Notably, when compared to other proposed amendments, the WTR contains

fewer ions (phosphorus, iron, and manganese) necessary to reduce lead bioaccessibility in soil.

3.3 AMENDMENT SELECTION FOR BENCH-SCALE TESTING

Bench testing will be conducted with both individual amendments and combinations of two
amendments. Individual amendments will be selected based on their potential to reduce lead
bioaccessibility and to promote vegetative growth. Amendment combinations will be selected
based on these same criteria and on the expected potential for the combinations to mitigate
possible undesirable effects of applications of single amendments (e.g., addition of biosolids to

reduce the potential for arsenic mobilization that could result from phosphate application).

Based on the results of test plot field characterization (Ramboll 2018a, 2019), available amendment
performance data from other studies, and the results of the amendment prescreening analyses, a

total of 12 amendments have been selected for bench-scale testing as follows:

Individual Amendments
e Soluble phosphate e Biochar
e Wood ash e Compost
e Biosolids

Combination Amendments

e Soluble phosphate + biosolids e Wood ash + biosolids
e Soluble phosphate + biochar e Wood ash + biochar
e Soluble phosphate + compost e Wood ash + compost
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e Biochar + compost

The rationale for selection of these amendments is summarized in Tables 3-2. The combination
amendments identified will allow for the evaluation of more than one potential lead binding
mechanism and the potential for augmenting soil quality to foster plant growth. For example, a
combination of soluble phosphate and biosolids will allow evaluation of the potentially
compounding effect of lead pyromorphite formation from the soluble phosphate and lead

sorption effects from iron in the biosolids.

WTR was eliminated from consideration as an individual or secondary amendment for bench
testing because the material performed the poorest in the lead sorption test compared with the
other amendments. In addition, this material is composed primarily of aluminum and is unlikely

to benefit soil quality in a manner that would boost plant growth.
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4 AMENDMENT APPLICATION RATES

The bench-scale testing will include evaluation of two volumetric application rates for each
amendment: a low rate and a high rate. This section summarizes the rationale for the two
application rates that will be considered for each amendment in the development of the bench test
design described in Section 5.

The selected application rates and an estimate of the amounts of amendment needed for each
experimental unit (a prepared pot) to be tested are summarized in Tables 4-1 respectively. The
rates are based on the use of 400 g of homogenized soil per pot. Based on the bulk density
assumptions (see Table 4-1) and the study design presented in this work plan, the estimated
minimum quantities of amendments and accessory application materials needed for soil
treatability testing are as follows: 1 kg of MAP or 0.7 kg of TSP, 0.5 kg of potassium chloride
tertilizer (0-0-60), 60 kg of biosolids, 1.5 kg of wood ash, 60 kg of compost, and 5 kg of biochar.
Additional details are discussed in the following sections.

41 SOLUBLE PHOSPHATE

The primary mechanism for reducing lead bioaccessibility by using soluble phosphorus is
pyromorphite formation. Chloropyromorphite, Pbs(POs)sCl, has a lead-to-phosphorus molar ratio
of 5:3. Based on the XRF results for the soil collected for bench testing (Table 2-1) and the
phosphorus content in phosphorus fertilizers (MAP and TSP), molar ratios of applied phosphorus
can be calculated. While only 150 mg/kg of phosphorus in soil is required to satisfy the
stoichiometric conversion of 1,500 mg/kg of lead in soil to pyromorphite, studies show that a large
molar excess of phosphorus is needed to ensure the reaction that creates pyromorphite occurs
(Basta and McGowen 2004; Obrycki et al. 2017b). As a result, the low application rate of
phosphorus (0.75 g of phosphorus per kg of soil) is 5 times the molar balance of phosphorus
needed for pyromorphite formation, assuming a baseline lead concentration of 1,500 mg/kg in soil.
The high application rate of 2.25 g of phosphorus per kilogram of soil is 15 times the phosphorus

mass needed for pyromorphite formation.

Previous studies have shown that concentrations higher than 10 g of phosphorus per kg of soil can
result in saline soil that inhibits plant growth (Brown et al. 2007), and there is a greater risk that
bioaccessible arsenic concentrations will increase as the application rate of phosphorus increases
(Scheckel et al. 2009).

Previous research shows additional chloride may be necessary to add to soil to form
chloropyromorphite. Because chloride is highly mobile and easily leached out of soil, potassium

chloride will be added to each soluble phosphate application to ensure a source of chloride is
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present. Potassium chloride is readily available as a commercial fertilizer. The fertilizer analysis
for potassium chloride, or the nitrogen-phosphorus-potassium percent content (N-P-K), is 0-0-60
(i.e., 60 percent as potassium oxide [K20]). The bench testing application will include a 2:1

chloride-to-lead molar ratio application rate to promote formation of chloropyromorphite.

The final phosphorus application rates will be determined as follows: site soil (100 g) will be
treated with phosphorous amendment (using five application rates: 0.30, 0.75, 1.50, 2.25, and 5.0 g
phosphorus per kilogram of soil) and incubated for two weeks under temperature and moisture
conditions described in Section 5.3 below. Treated soil will be analyzed for bioaccessible lead
(Method 1340 at pH 2.5) and soluble phosphorus (0.01 molar calcium chloride [CaCl:] extraction).
Bioaccessible lead and soluble phosphorus results will be plotted against the phosphorous
amendment application rate, as described in Osborne et al. (2015). All treatments will be
performed with four replications. The optimum low and high phosphorus application rates for
the Phase II bench-scale testing will be those that effectively reduce bioaccessible lead with

minimal mobilization of soluble phosphorus from the treated soil.

4.2 BIOSOLIDS

The reductions in bioaccessibility expected for biosolid amendments are associated with lead
sorption to iron oxide surfaces and/or pyromorphite formation with available phosphorus, and
lead chelation may also occur because of the high organic carbon content. The main consideration
for establishing the bench test application rates was practical application volumes. It is anticipated
that applications greater than approximately Ya-in. thickness to the soil surface would be
impractical over large areas of the field test plots, but applications of ¥4-in. thickness or less may
not provide sufficient material to reduce lead bioaccessibility. As a result, a V4-in. thickness was
chosen as the low rate, and a 1-in. thickness was selected as the high rate. These rates translate to
approximately 22 dry tons per acre (tons/ac) and 89 tons/ac for the low and high rates, respectively.
Although the lower rate may not provide sufficient material to maximize reductions in lead
bioaccessibility, it is expected to result in appropriate nutrient provision to promote robust plant
growth. The high rate was selected based on the projected volume of material necessary to
optimize lead bioaccessibility reduction.

4.3 WOOD ASH

The wood ash tested in the prescreening evaluation had a relatively low amount of potentially
available phosphorus and did contain a significant amount of reactive manganese that is likely
available for lead sorption. The low application rate for wood ash was established at 10 g/kg of
soil (1 percent by weight or 5 tons/ac, based on the lowest volumetric amount of the amendment
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that is expected to effectively reduce lead bioaccessibility. The high application rate was
established at 30 g/kg of soil (3 percent by weight or 15 tons/ac, which is the maximum amount
that could be applied without the potential for increasing soil salinity and pH to levels that could

limit the growth of existing vegetation.

44 BIOCHAR

The reductions in bioaccessibility expected for biochar amendments will likely be due to
adsorption onto organic surfaces of the biochar, and lead chelation may also occur because of the
high organic carbon content. The low application rate for biochar was established at 10 g/kg of soil
(1 percent by weight or 5 tons/ac), based on the lowest volumetric amount that is expected to
effectively reduce lead bioaccessibility. This amount is also expected to result in soil conditioning
and nutrient provision (e.g., nitrogen and phosphorus) benefits to promote robust plant growth.
The high application rate was established at 25 g/kg of soil (2.5 percent by weight or 12.5 tons/ac,
which is the maximum amount that could be applied at the Site based on the projected volume of

material necessary to optimize lead bioaccessibility reduction.

4.5 COMPOST

The reductions in bioaccessibility expected for compost amendments are likely due to lead
chelation related to the high organic carbon content. The same application rates are proposed for
compost as described for biosolids in Section 4.2 because field-scale application methods are
assumed to be similar. Although the lower application rate for compost may not provide sufficient
material to maximize reductions in lead bioaccessibility, it is expected to result in appropriate
nutritional and soil conditioning benefits to promote plant growth. The high application rate was
selected based on the projected volume of material necessary to maximize effective lead

bioaccessibility reduction.

46 AMENDMENT COMBINATIONS

The same low and high rates established for the individual amendments will be used for the
combination amendments, except for the low application rate of the biochar-compost combination
(Amendment 12 on Table 3-2). When combined, the low rate established for each of these
amendments individually will be halved (to 1/8 in. or 11 tons/ac each) to yield a combined
application thickness of approximately V4 in. or 22 tons/ac as established for biosolids, biochar, and

compost, which are included in each of the seven combinations (see Table 3-2).
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5 BENCH-SCALE TESTING DESIGN

5.1 SOIL TREATABILITY EXPERIMENT DESIGN

The experiment design developed to address the key decision points during the bench-scale
testing and amendment recommendations are summarized in Table 5-1, and reflects the consensus
of the SATES Technical Team, as discussed on a phone call on November 1, 2018 (SATES Technical

Team 2018). The following information will be developed for each amendment in this study:

¢ Lead bioaccessibility reduction
¢ Changes in the leachability of metals and phosphorus from soil

¢ Changes in general soil chemistry (pH, available phosphorus, available and total nitrogen,
total carbon, and organic carbon).

Based on the results, the different amendments tested will be evaluated for changes in lead and

arsenic mineralogy to provide additional information on the quality of the lead transformation

from more bioaccessible species into less bioaccessible forms. This evaluation will provide insight

into the efficacy of the amendment applications and information related to maintaining reduced

lead bioaccessibility conditions after initial treatment is complete.

To obtain this information, the effects of each of the 12 amendments will be evaluated using two
application methods: surficial application of the amendment onto soil and full incorporation of
the amendment into the soil. The surficial application method will be evaluated to approximate
anticipated application conditions in the field. Incorporation into the soil will allow evaluation of
the potential maximum effectiveness of the amendments in reducing lead bioaccessibility and
improving soil characteristics (i.e., pH, available phosphorus, available and total nitrogen, total
carbon, and organic carbon). Surficial application will be done by placing the amendment material
on the soil surface in the target pots. Incorporation will be completed by fully mixing the

amendment with the soil in each target pot.

For each amendment and each application method, the low and high application rates described
in Section 4 will be applied and evaluated. The bench-scale test development, duration, and

processes are summarized below.

5.2 BENCH-SCALE TESTING POT SET PREPARATION

The fundamental experimental units (pots) will be prepared using polyethylene plastic containers
that are 5% in. high and have a top diameter of 4%2 in. and a bottom diameter of 3% in. The bottom
of each container will be perforated and lined with fine polyethylene mesh to allow drainage of
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excess water without soil or solid amendment loss. A total of 400 g of the homogenized soil will
be added to each container to establish the pots. The set of pots to be developed for each
amendment is depicted in Figure 5-1, with further details provided in Appendix D.

The pots will be used to evaluate 12 different soil amendments (see Table 3-2) by applying the
application rates and methods described previously.” The total number of pots prepared for each
amendment is called an “amendment pot set.” Control pots will be prepared the same way, but
with the homogenized soil and no amendment. These will be evaluated in a separate “control pot
set” (Figure 5-1) in the same manner as the amendment pot sets. The specific elements of each
amendment pot set and the associated control pot set are detailed below.

During the bench tests, soil samples will be collected from each pot set at three time points (t1 =1
month after amendment application, t2 =4 months, and ts = 6 months) for laboratory analysis. To
evaluate variability, for each combination of amendment application rate and method, four pots
will be designated for sampling at each time point and a fifth pot will be developed and used for

measurement of soil moisture conditions (Figure 5-1).
A total of 437 pots will be prepared for bench-scale testing (see Appendix D), as follows:

e Surface application — 312 pots
e Incorporated application — 120 pots
e Control pot set —5 pots.

A summary of the pot preparation methods, pot sampling procedures, and pot counts for each of
these subsets is described in Sections 5.2.1 through 5.2.3.

5.2.1 Surface Application Pot Subset

For the evaluation of surface applications, the specific volumes of each amendment will be placed
on a single layer of cheese cloth then applied to the surface of each pot at the corresponding high

and low application rates, without mixing.

Sample collection from these pots will disturb the pot soil and may cause mixing and displacement
of the surface-applied amendment material. To maintain the integrity of the pot soil, pots from
which soil samples are collected during the bench testing will be eliminated from further use in
the study. Because samples will be collected at each of the three sample time points, 3 sets of 4 pots
(12 pots) will be prepared for both the high and low amendment application rates to be able to
collect a full set of samples at each time point. One additional pot will be developed in each of the

pot subsets for soil moisture monitoring. Therefore, for the surface-applied amendments, 13 pots

7 A single treatment is the combination of an amendment with an application method and rate of
application.
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will be prepared for each amendment and for each application rate (26 pots total), as illustrated in
Figure 5-1.

Since there are 12 amendments to be tested, a total of 312 pots will be developed for the surface

application pot subset, with 24 of these designated for soil moisture monitoring.

5.2.2 Incorporated Application Pot Subset

Pot sets to evaluate amendments incorporated into the soil will be prepared by thoroughly
blending the volumes of each amendment that correspond to the high and low application rates

into the soil in each pot.

Four pots will be prepared for the high and low application rates for each amendment, plus 1
additional pot for soil moisture monitoring for each application rate. Unlike the surface
application pots, each sample set can be collected at each time point (ti, t2, and ts) from the pots for
the high and low application rates. Therefore, a total of 10 pots will be prepared for each
incorporated amendment pot set, with 5 pots for both the high and low application rates, as
illustrated in Figure 5-1. Since there are 12 amendments to be tested, a total of 120 pots will be
developed for the incorporated application pot subset, with 24 of these designated for soil

moisture monitoring.

5.2.3 Control Pot Set

Control pots will be prepared using the same method described in Sections 5.2.1 and 5.2.2, except
no treatments will be applied. The control pot set will be monitored during testing for comparison
to the pots with the 12 amendment applications. Four control pots will be developed for soil
sample collection and one for soil moisture monitoring, for a total of 5 pots in the control pot subset
(see Figure 5-1).

5.3 BENCH-SCALE TESTING DURATION AND SETTING

The pot sets will be incubated in a greenhouse with the temperature controlled to remain between
50 and 75 degrees Fahrenheit at ambient humidity for a period of 6 months. To provide optimal
and realistic conditions for reactions to occur, the soil moisture content in the pots will be
maintained at 90 percent of soil water holding capacity (i.e., amount of water that remains in the
soil after it is gravity drained). This will be accomplished by adding water to achieve a known
mass of the soil, pot weight, and water weight. The pot weight relative to moisture content will be
determined for each moisture monitoring pot by using the water holding capacity measured for
the soil and amendments as discussed in Section 6.1. Laboratory technicians will evaluate pot

moisture regularly by weighing the pots at least once a week. To ensure the soil moisture content
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is maintained at the correct level, pot weight measurements will be compared to the predicted pot
weights calculated at 90% moisture content. Appropriate soil moisture conditions will be defined
as those pot weight measurements that are within a relative percent difference of 20% as compared

to the predicted pot weights at 90 percent water holding capacity.

The 6-month testing duration in combination with the setting described above were selected to
provide sufficient time for reactions to occur within a reasonable timeframe for beneficial effect in
the field. However, it is acknowledged that this may not provide sufficient time to appropriately
observe and quantify potential longer-term effects on soil conditions. During the bench-scale
testing, soil samples will be collected and analyzed from the treatment and control pots at each
time point to monitor the effect and progress of the amendment applications on the treatment pot
sets (see monitoring and analysis as described in Section 6.) At the conclusion of the second time
point (t2), data from the first two time points (t1 and t2) will be reviewed to evaluate whether the
initially projected 6-month duration is sufficient or if longer testing is warranted. This decision

will be made in collaboration with the SATES technical team.
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6 MONITORING AND ANALYSIS PROGRAM

The monitoring and analysis program for the study is described in this section. Data that will be
collected and the rationale for their selection are presented in Table 6-1. The sampling and analysis
plan for the bench tests is summarized in Table 6-2, followed by target laboratory reporting limits
in Table 6-3. SOP 4 and SOPs 6 through 13, included in Appendix A, describe the specific sample
collection methods, analytical methods, and monitoring methods that will be used.

To establish baseline conditions (time zero, to), four soil samples will be collected from the
homogenized soil that will be used to construct the bench-test pots. To evaluate progress of the
bench testing, soil samples will be collected from all of the pot sets, including the control pots, will
occur at the three predetermined time points after amendment application: 1 month (t1), 4 months

(t2), and 6 months (t3). Approximately 50 g of soil will be collected for each sample.

6.1 AMENDMENT CONDITIONS

To confirm the quality of the amendments prior to use in the bench testing, one sample of each
individual amendment will be collected and analyzed for the following parameters:

e Total target analyte list (TAL) metals, by EPA Method 6010 (except mercury), and
mercury by 7471B

e Volatile organic compounds by EPA Method 8260
e Semi-volatile organic compounds by EPA Method 8270
e Oxalate extraction by McKeague and Day (1966)

e Total carbon and nitrogen by Nelson and Sommers (1996).

6.2 PRE-TREATMENT BASELINE SOIL CONDITIONS

Baseline soil conditions (to) will be measured prior to the preparation of the pot sets by collecting
four soil samples from the homogenized soil prepared for the pots for bench-scale testing. The
baseline sample analyses will be the same as for the treated pots later in the study. Baseline soil

samples will be analyzed for the following parameters:

e Bioaccessible lead and arsenic by EPA Method 1340, with sample aliquots extracted at pH
1.5 (USEPA 2013)

e Bioaccessible lead and arsenic by EPA Method 1340 (USEPA 2013), modified with sample
aliquots extracted at pH 2.5
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e Mehlich III extractable lead and phosphorus by the Mehlich (1984) method and EPA
Method 6010

e Total TAL metals, by EPA Method 6010 (except mercury), and mercury by 7471B

e SPLP TAL metals and phosphorus, by EPA Method 1312 Western U.S. (pH 5.00)/6010
(USEPA 2007b), followed by EPA Method 6010 (USEPA 2007a)

e Soil pH by the Thomas (1996) method

e Total carbon and nitrogen by the Bremner and Mulvany (1982) and Nelson and Sommers
(1996) methods

¢ Mineralizable nitrogen by the Waring and Bremner (1964) method
e Total organic carbon by the Heanes (1984) method
e Soil water holding capacity by the Cassel and Nielsen (1986) method.

Additionally, for one of the baseline (to) soil samples, lead and arsenic mineralogy will be
evaluated by synchrotron analysis using EPA National Risk Management Research Laboratory
Quality Management Plan (NRMRL QMP) Method L18735 with Athena software data analysis.
Additional baseline samples may be evaluated for mineralogy at the discretion of the SATES

technical team.

One sample each of the individual amendments (except soluble phosphate) and combination
amendments will be collected and analyzed for water holding capacity by the American Society
for Testing and Materials Method D2216 and the Cassel and Nielsen (1986) method. Soluble
phosphate is excluded from analysis, because, as a soluble material, water holding capacity

analysis would not be relevant.

The soil sample aliquots collected for the lead and arsenic bioaccessibility and total metals analyses
will be sieved so that the analyzed sample aliquot consists of the soil grains less than 150 pm in
diameter. Concentration and name of standard reference materials (SRMs) used as part of
laboratory QA/QC will be documented in laboratory bench-sheets for use during third-party data

validation.

6.3 TREATMENT PROGRESS SOIL CONDITIONS

To monitor the effect and progress of the amendment applications on the treatment pot sets, soil
samples will be collected and analyzed from the treatment and control pots during the study, as

described below.
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6.3.1 Progress and Control Sample Collection
Treated Pot Sets. A total of 576 soil samples will be collected and analyzed from treatment pot

sets during the bench testing period at time points ti, t2, and ts after the selected amendments have
been applied to the pots. At each time point, four soil samples (“progress samples”) will be
collected from each treatment pot set developed for the high and low application rates. At each
time point, 192 soil samples will be collected during the bench-scale testing (4 samples x 12
amendments x 2 application methods x 2 application rates = 192 samples). Soil samples will be
collected at 3 time points (ti, t2, and t3) for a total of 576 samples (192 x 3 time points =576 samples).
For surface applied treatments, treatment that did not infiltrate into soil will be removed by
removing the cheese cloth and exposing the soil beneath. The soil will be homogenized by end
over end mixing and then sampled for analysis. For incorporated treatments, the entire pot (soil
plus amendment) will be re-homogenized by end over end mixing and then sampled for analysis.
End over end mixing will be conducted by placing a lid on the soil containers and inverting them

multiple times to mix.

Control Pot Set. A total of 16 samples will be collected from the control pot set during the bench
testing period at each of the three time points (1 control sample x 4 samples x 3 time points = 12

samples). Control pot soils will be homogenized immediately before sample collection.

6.3.2 Progress and Control Pot Sample Analyses

The progress samples and control pot set samples will be analyzed for the following parameters:

e Bioaccessible lead and arsenic by EPA Method 1340, with sample aliquots extracted at

pH 1.5

e Bioaccessible lead and arsenic by EPA Method 1340, modified with sample aliquots
extracted at pH 2.5

e Mehlich III extractable lead and phosphorus by the Mehlich (1984) method and EPA
Method 6010

e SPLP TAL metals and phosphorus, by EPA Method 1312 Western U.S. (pH 5.00)/6010
e Soil pH by the Thomas (1996) method

e Total carbon and nitrogen by the Bremner and Mulvany (1982) and Nelson and Sommers
(1996) methods

e Mineralizable nitrogen by the Waring and Bremner (1964) method
e Total organic carbon by the Heanes (1984) method.

The sample analysis plan is summarized in Table 6.2. Additionally, lead and arsenic mineralogy
may be evaluated in two or more samples by synchrotron analysis using EPA NRMRL QMP
Method L18735 with Athena software data analysis. Samples to be evaluated for mineralogy will
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be selected at the discretion of the technical team based on the analytical results for the baseline

samples and progress samples.

For the bioaccessibility and total metals analyses, the soil sample aliquots will be sieved so that

the analyzed sample aliquot consists of the soil grains less than 150 pum in diameter.

Moisture content for the control pot set will be evaluated by calculating the weight of water
required to establish a 90 percent moisture content in each pot, based on the water holding capacity
of the soil. The water holding capacity will be measured by analyzing the control soil samples. The
control pot designated for moisture monitoring will be weighed at each time point to confirm the
water content for comparison to the predicted moisture content capacity calculated from the

baseline water holding capacity sample results.
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7  DATA EVALUATION AND INTERPRETATION

The measurements collected during the bench tests for each soil treatment will be reviewed and
synthesized in a statistical analysis that will be used to rank treatments based on efficacy, and that
will help select the amendments that should be advanced to the Phase III field-scale pilot testing
on the SATES test plots. The project data and the ranking results will be used to design and
develop a plan for the field pilot study.

7.1 DATA REPORTING AND ANALYSIS

At the conclusion of the bench-scale testing, the analytical data will be summarized and reported

in standard electronic data deliverable (EDD) format (see Section 8.4).

The results will be analyzed based on the effectiveness and applicability of each amendment, and
the amendments will be ranked from least effective to most effective with regard to the program
objectives and the evaluation elements listed below. Results of the analyses outlined in Section 6
will be reviewed to quantitatively and qualitatively evaluate changes in arsenic bioaccessibility,
metal leachability, and soil quality associated with the amendments at varying application rates

and methods. The following information will be evaluated:
e Total changes in lead and arsenic bioaccessibility
¢ Completeness of bioaccessibility reduction reactions
e Changes in leachability of other metals
e Changes in key soil quality parameters
¢ Changes in lead and arsenic mineralogy.

The evaluation methods are described further in the following subsections.

7.1.1 Lead and Arsenic Bioaccessibility Changes

Variations in percent bioaccessible lead and arsenic between soil treatments will be evaluated
using a one-way analysis of variance (ANOVAS?) to determine statistical differences in percent
bioaccessible lead and arsenic between the treatments and the control pot set for time points t1 and
ts. Results of this evaluation will be used to rank the soil treatments from the least effective at
reducing bioaccessibility to the most effective. Measurements that will be used for this analysis
include the following: 1) total lead and arsenic concentrations; 2) lead and arsenic bioaccessibility

8 An ANOVA compares the means between groups and determines whether any of those means are
statistically significantly different from each other.
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(in vitro bioaccessibility or IVBA) using the EPA 1340 protocol with a pH 1.5 for extraction; and 3)
lead and arsenic bioaccessibility using a modified EPA 1340 protocol with a pH 2.5 for extraction.

Total lead and arsenic will be determined for each treatment based on the baseline sample results.
These results and the results of bioaccessible lead and arsenic analyses run at pH 1.5 and pH 2.5
for the baseline (to) and final sampling time point (ts) will be used to calculate percent lead and
arsenic bioaccessibility using the following equation:

IVBA [Pb]or [As]
(total [Pb] or [As] extracted at pH 1.5 or 2.5)

% bioaccessibility = 100 x

Where:
IVBA [Pb] = bioaccessible lead, mg/kg
IVBA [As] = bioaccessible arsenic, mg/kg
total [Pb] = lead concentration in glycine extraction at pH 1.5 or 2.5
total [As] = arsenic concentration in glycine extraction at pH 1.5 or 2.5

A comparison of the baseline and the final progress sample results will be used to calculate the
change in percent bioavailability of lead and arsenic for each amendment application. Using
percent change in bioavailability normalizes for differences in total lead and arsenic content after
dilution due to the addition of treatments.

7.1.2 Completeness of Bioaccessibility Reduction Reactions

A one-way ANOVA will be performed for lead and arsenic bioaccessibility results for each
amendment type, application rate, and application method at each time point. This will allow a
determination of whether there is a statistical difference between the baseline conditions and soil
conditions at the three progress time points for each amendment application. For example, a result
showing initial reaction at the first time point but no significant statistical difference between the
two following time points would indicate the bioaccessibility reduction reaction, has slowed or
stopped. A result showing a significant difference between the second and third time points would
indicate that at least at four months since amendment application to the treatment pot sets, the

reactions associated with the amendment application are continuing.

7.1.3 Leachability of Other Metals

The leachability of other metals and phosphorus in the soils tested will be determined by SPLP
analysis for TAL metals and phosphorus. A one-way ANOVA will be performed for TAL metals
and phosphorus concentrations in SPLP extract for each soil treatment application and the control
pot set at time point three (t3) to determine if any of the soil treatments caused an increase in the

leachability of metals in any of the pot sets. To account for dilution of total metals and phosphorus
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content related to amendment applications, leachable metals and phosphorus will be expressed as
a percent of total metals or phosphorus, as follows: 100 x [SPLP metal (or SPLP phosphorus)/total
metal (or total phosphorus)]. Total metals and phosphorus will be determined for each treatment
and each application method for time point t: in each set of four soil samples (replicates). The
average total metals and phosphorus from the four soil samples (replicates) will be used to
calculate the percent SPLP. The total metals and phosphorus results from the baseline (to) samples

will be considered during data evaluation.

7.1.4 Key Soil Quality Parameters

A one-way ANOVA will be used to determine statistical differences in pH, nutrient
concentrations, total and organic carbon, and total carbon-to-nitrogen ratio across the treatment
and control pot sets by using the data from the baseline and progress sampling time points.
Identification of significant changes in these parameters, and of the potential effects on soil quality
and plant growth at the Site will be considered in the ranking of the amendments, as described

above.

7.1.5 Lead and Arsenic Mineralogy

Samples for lead and arsenic mineralogy will be selected based on the results of the bioaccessibility
analysis results. Samples from both soil treatments that produce significant reductions (in
comparison to the control pots and baseline) and the control will be selected to test for changes in

lead and arsenic mineralogy.
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8 QUALITY ASSURANCE AND QUALITY CONTROL

8.1 QUALITY CONTROL REQUIREMENTS

Quality control requirements for the Phase II bench-scale testing are described in Section 10 of the
SATES Phase IA Work Plan (Ramboll 2017a) and incorporated by reference into this Phase Il Work
Plan. These include quality assurance objectives and criteria (Section 10.2), analytical laboratory
quality control checks (Section 10.4), data precision assessment procedures (Section 10.5), data
accuracy assessment procedures (Section 10.6), and data completeness assessment procedures
(Section 10.7).

8.2 INSTRUMENT AND EQUIPMENT TESTING, INSPECTION, AND
MAINTENANCE REQUIREMENTS

Laboratory instrument and equipment documentation procedures include details of observed
problems, corrective measures, routine maintenance, and instrument repair. Procedures for
laboratory instrument and equipment testing, inspection, and maintenance are described in
Section 11.2 of the Phase I Work Plan. Preventive maintenance of laboratory equipment generally
will follow manufacturers’ guidelines. Laboratory systems managers are responsible for the

routine maintenance of laboratory instruments.

Inspection and acceptance requirements for laboratory supplies and consumables are described in
Section 12.2.1 of the Phase I Work Plan. All supplies used in the laboratory will be available when
needed. The supplies and consumables required for the various analyses are noted in the
laboratory SOPs, which are also in the Phase I Work Plan.

8.3 INSTRUMENT CALIBRATION FREQUENCY

Laboratory equipment calibration procedures and frequency requirements are described in
Section 12.2 of the Phase I Work Plan. Instrument calibration will follow the specifications
provided by the instrument manufacturer or specific analytical method used. When analyses are
conducted according to EPA or other standardized methods, the calibration procedures and
frequencies specified in the applicable method will be followed. For analyses governed by SOPs,
see the appropriate laboratory SOP for the required calibration procedures and frequencies.
Records of calibrations will be filed and maintained by the laboratory and will be subject to quality
assurance (QA) auditing. Special care will be taken to verify the correct concentration, use, and

documentation of reference media and materials.
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8.4 DOCUMENTATION AND RECORDS

Procedures for laboratory documentation and records are described in Section 6.2 of the Phase I
Work Plan. Workbooks, bench sheets, instrument logbooks, and instrument printouts will be used
to trace the history of samples through the analytical process and to document important aspects
of the work, including the associated quality control (QC) checks. Information regarding the
sample, analytical procedures performed, and the analytical results will be recorded by the analyst
on laboratory forms or log files. All laboratory records will be retained as part of the permanent

record for the project.

Procedures for laboratory reporting are described in Section 6.3 of the Phase I Work Plan. The
laboratory will prepare Level 2 data packages (modified reporting) for all samples, which is used
for analyses performed following standard EPA-approved methods and QA/QC protocols.
Required elements for the Level 2 data packages include:

e Chain-of-custody

* (Case narrative

* TFinal parameter concentration for all samples

* Preparation or extraction and analysis dates and times

* Method blanks

* Surrogate recoveries

* Inductively coupled plasma/mass spectroscopy serial dilution percent difference

e Matrix spike and matrix spike duplicate recoveries and relative percent difference (RPD)

e Laboratory duplicate RPD

» Laboratory control sample recoveries.

Analytical results will be reported by the laboratory in EDD format within 30 working days from
the date of sample collection (standard turnaround), except when requested otherwise. Final data
packages in EDD format, as well as the results report sheets in a PDF or electronic spreadsheet
format, will be provided within 30 working days from the end date of the bench-scale testing. SOP
2, provided in Appendix A of the Phase I Work Plan (Ramboll 2017a), specifies the EDD formatting

requirements.

Sampling and analysis subcontractors will transfer all project documentation to Ramboll. Project

files will be stored according to Ramboll and TAI requirements.

8.5 DATA MANAGEMENT

Procedures for data management are described in Section 14 of the Phase I Work Plan. The data
management plan and its draft amendment (Exponent 2010) establish standard procedures for the

management of all documents and environmental data (field and laboratory) generated during

Ramboll 8-2



Upper Columbia River FINAL
SATES Phase Il Bench-Scale Treatability Testing Work Plan May 2019

the UCR remedial investigation and feasibility study. The final repository for sample information
is the UCR project relational database housed at http://teck-ucr.exponent.com.

All data manually entered into the laboratory information management system will be proofed at
the analytical chemistry laboratory prior to being released. All data collected from each laboratory
instrument, either manually or electronically, will be reviewed and confirmed by analysts before

reporting.

Laboratory data will be entered directly into the project database through an electronic upload at
the laboratory or through conversions of laboratory EDDs to the appropriate format for upload,
as managed by the database administrator. The electronic data will then be made available for
download and review by the data validator. Data qualifiers will be entered into the spreadsheet
and subsequently loaded into the database along with electronic validation reports.

8.6 ASSESSMENT AND RESPONSE ACTIONS

Procedures for assessment and response actions are described in Section 15 of the Phase I Work
Plan. Performance and systems audits will be completed. As a participant in state and federal
certification programs, the laboratory is audited by representatives of the regulatory agency

issuing certification, in addition to undergoing its own internal audits.

Corrective actions may be required when analytical data are not within the objectives specified in
the work plan (see Section 6/Table 6-3). Corrective action procedures involve the prompt
investigation, documentation, evaluation, and correction of data collection and/or analytical
procedures. Corrective action may be initiated in the laboratory, at a minimum, under the

following conditions:

e Protocols as defined by this work plan have not been followed
e Predetermined data acceptance standards are not met

e Equipment is not in proper working order or calibrated

e Sample and test results are not completely traceable

* QCrequirements have not been met

* Issues have emerged from performance or systems audits.

Corrective action will be initiated upon identification of the problem. At whatever level this occurs
(analyst, supervisor, data review, or QC), it will be brought to the attention of the analytical
laboratory QA manager and, ultimately, the laboratory director. Final approval of any action
deemed necessary is subject to the approval of the laboratory director. Corrective action may
include sample re-extraction, re-preparation, reanalysis, cleanup, dilution, matrix modification, or

other activities.
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8.7 REPORTS TO MANAGEMENT

Reports to management are described in Section 16 of the Phase I Work Plan. The laboratory will
maintain QA records related to analyses, QC, and corrective actions. This information will be
made available to the project manager upon request. Routine reporting will include documenting

all internal QC checks performed for this project.

8.8 DATA REDUCTION AND REVIEW

Procedures for data reduction and review are described in Section 17 of the Phase I Work Plan.
The calculations used for data reduction will be in accordance with the analytical methods. Any
deficiencies discovered as a result of internal data review, as well as the corrective actions
implemented to rectify the situation, will be documented on a corrective action form
(Appendix E).
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9 DATA VERIFICATION AND VALIDATION

Data validation is a standardized review process for judging the analytical quality and usefulness
of a discrete set of chemical data, and it is necessary to ensure that data of known and documented
quality are used in making environmental decisions that meet data quality objectives (DQOs).
Data validation is a systematic process that compares a body of data to the requirements in a set
of documented acceptance criteria to ascertain its completeness, correctness, and consistency.

9.1 DATA VALIDATION PROCESS

Data validation will be performed as outlined in Section 18 of the Phase I Work Plan. For Phase II,
a third-party validator will be used. Soil data generated will be validated using the EPA’s National
Functional Guidelines (USEPA 2017) for data validation available at the time of project initiation,
where appropriate. These procedures and criteria may be modified, as necessary, to address
project-specific and method-specific criteria, control limits, and procedures. Data validation will
consist of data screening, checking, reviewing, and editing to document analytical data quality
and to determine whether the quality is sufficient to meet the DQOs. The data validator will verify
that reduction of laboratory measurements and laboratory reporting of analytical parameters is in
accordance with the procedures specified for each analytical method and/or as specified in this
work plan. Upon receipt of laboratory data, the following procedures will be executed by the data

validator:

e Evaluate the completeness of the data package.

e Verify that field chain-of-custody forms were completed and that samples were
handled properly.

e Verify that holding times were met for each parameter. Holding time exceedances, if
they occur, will be documented.

e Verify that parameters were analyzed according to the methods specified.

e Review QA/QC data (i.e., confirm that duplicates, blanks, and laboratory control
samples were analyzed for the required number of samples, as specified in the method,
and verify that duplicate RPDs are acceptable).

e The data validator will review reference material documentation and verify the correct
ranges of reference materials were used and reported.

e Investigate anomalies identified during review, including reported measurements that
are presented without defined RPDs (such as soil moisture). When anomalies are
identified, they will be discussed with the project manager and/or the laboratory
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manager, as appropriate. Level 4 data packages may be requested to evaluate
anomalies.
Deficiencies discovered as a result of the data review, as well as the corrective actions implemented
in response, will be documented and submitted in the form of a written report as specified in
Section 18.1 of the Phase I Work Plan (Ramboll 2017a).

It should be noted that qualified results do not necessarily invalidate data. The goal to produce
the best possible data does not necessarily mean that data must be produced without QC
qualifiers. Qualified data can provide useful information. During the review process, laboratory
qualified and unqualified data are verified against the supporting documentation. Based on this
evaluation, qualifier codes may be added, deleted, or modified by the data reviewer. Results will
be qualified with codes in accordance with the National Functional Guidelines. The third-party
validator will provide definitions of qualifiers applied by the laboratory and the data validator.
As is the case with laboratory data and information, data qualifier entries into the database will be
discussed between the laboratory validator and the laboratory and verified. Any discrepancies
will be resolved before the final database is released for use.

Non-conforming data may be qualified as estimated (i.e., a “J” qualifier will be applied to the
result) or rejected as unusable (i.e.,, an “R” qualifier will be applied to the result) during data
validation if criteria for data quality are not met. Data may also be qualified as undetected during
validation based on laboratory blank results. Rejected data will not be used for any purpose other
than corrective action development. A summary of the qualified data and the reasons for

qualification will be included in the data validation report.

Resolution of any issues regarding laboratory performance or deliverables will be handled
between the laboratory and the data validator. Suggestions for reanalysis may be made by the
quality assurance coordinator at this point. Data validation reports will be kept in electronic format
(PDF) at the environmental consultant’s office. In addition, data validation reports will also be

kept in the UCR project database maintained by Exponent.
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Table 2-1. Soil Prescreening for Total Lead Concentrations by XRF Analysis

Lead
Sample ID 0SUBucketip  (M9/ka) by XRF Analysis

D-401-2-E9-101818-3 1 1,260
D-401-2-A5-101818-3 2 1,030
D-401-2-G6-101818-3 3 1,921
D-401-2-E3-101818-3 4 1,230
D-401-2-J5-101818-3 5 1,744
D-401-2-A6-101818-3 6 1,649
D-401-2-A6-101818-3 7 2,222
D-401-2-D6-101818-3 8 2,217
D-401-2-E6-101818-3 9 2,571
D-401-2-E7-101818-3 10 2,074
D-401-2-H6-101818-3 11 2,075
D-401-2-E9-101818-3 12 833
D-401-2-E10-101818-3 13 1,816
D-401-2-J5-101818-3 14 1,005
D-401-2-D6-101818-3 15 1,157
D-401-2-G6-101818-3 16 2,622
D-401-2-E9-101818-3 17 669
D-401-2-B6-101818-3 18 1,333
D-401-2-B6-101818-3 19 1,858
D-401-2-E3-101818-3 20 1,530
D-401-2-F4-101818-3 21 2,416
D-401-2-E7-101818-3 22 1745
D-401-2-C5-101818-3 23 1,091
D-401-2-H6-101818-3 24 1,956
D-401-2-E5-101818-3 25 1,070
D-401-2-E10-101818-3 26 1,534
D-401-2-F10-101818-3 27 937
D-401-2-G6-101818-3 28 1,469
D-401-2-E10-101818-3 29 1,623
D-401-2-J5-101818-3 30 1,041
D-401-2-D6-101818-3 31 1,813
D-401-2-E3-101818-3 32 1,179
D-401-2-C5-101818-3 33 395
D-401-2-A6-101818-3 34 1,489
D-401-2-F10-101818-3 35 2,348
D-401-2-E6-101818-3 36 2,042
D-401-2-B6-101818-3 37 1,378
D-401-2-F4-101818-3 38 952
D-401-2-E7-101818-3 39 1,000
D-401-2-F4-101818-3 40 1,089
D-401-2-C5-101818-3 41 415
D-401-2-F10-101818-3 42 1,454
D-401-2-A5-101818-3 43 1,928
D-401-2-E5-101818-3 44 1,456
D-401-2-A5-101818-3 45 2,290
D-401-2-H6-101818-3 46 1,864
D-401-2-E6-101818-3 47 1,436
D-401-2-E5-101818-3 48 1,350

Notes:

mg/kg = milligrams per kilogram
OSU = The Ohio State University
XRF = x-ray fluorescence
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Table 3-1a. Soil Amendment Prescreening Lead Sorption Analysis Results

Analysis Lead Sorption®
Analysis Method EPA Biochar Protocol’
Soil Lead Soil Lead
Analyte Pre-Treatment Post-Treatment Lead
Units SPLP Extract (ug/L) SPLP Extract (ug/L) % Reduction®
Soil Amendment Sample Name

Phosphorus fertilizer Fert-01 64.4 <2 > 97
Wood ash Landfill ash 5-10-18 64.4 <2 > 97
Compost (potting soil) PS-01 64.4 3.18 95
Water treatment residuals Water treatment residuals 64.4 13.4 79
Biosolids Municipal biosolid 64.4 4.42 93
Biochar® ARS Wood 43.6° < 2.41 > 94
Biochar® Black Owl 43.6° <241 > 94

Notes:

@ Lead sorption was assessed for each soil amendment, which required use of archived SATES soils. The < 2-mm fraction from an increment composite (IC) sample
collected in test plot 401-2 subplot A (IC1-401-2A-101217) was chosen for prescreening analysis because: 1) the soil is generally representative of site soils; 2) Phase IA
total and bioavailable lead results were available for lead sorption assessment; and 3) sufficient archived soil mass was available for prescreening.

® This method was developed by Dr. Mark Johnson of the EPA National Health and Environmental Effects Research Laboratory, and implemented by OSU. The method
evaluates amendment sorption potential and the reversibility of sorption that occurs. The method involves conducting the synthetic precipitation leaching procedure
(SPLP) on the soil sample, filtering solution extract, then challenging the amendment with the extract. The lead sorption reversibility of the amendment is evaluated
through a second extraction of the amendment with 0.01 molar calcium solution (salt solution.)

°Lead sorption was calculated as a percent (%) reduction. % reduction = 100*[(soil SPLP [Pb] — amended soil SPLP [Pb]) / soil SPLP [Pb]]. When treatment resulted in
a lead concentration less than the method detection limit, the detection limit (DL) value was used as the concentration after treatment. Because the concentration after
treatment is less than the DL, the % reduction is assumed to be greater than the calculated result. Results of the extraction with 0.01 molar calcium solution were below
analvtical instrument DLs, thus, are not included in the percent lead reduction.

4 Performed by EPA National Health and Environmental Effects Research Laboratory (USEPA 2019a).

© The average SPLP solution concentration of lead was 43.6 + 2.8 ppb (mean + standard error of the mean for 8 replicates) (USEPA 2019a).
EPA = U.S. Environmental Protection Agency

Lead Post-Treatment = lead concentration remaining in SPLP extract

Lead Pre-Treatment = SPLP extract from test plot soil with known lead content

Mg/L = microgram(s) per liter

mm = millimeter

NA = not analyzed

OSU = The Ohio State University

SPLP = synthetic precipitation leaching procedure
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Table 3-1b. Soil Amendment Prescreening Oxalate Extraction and Total Metals Analysis Results

Final
May 2019

Analysis Oxalate Extraction Total Metals Total Carbon and Nitrogen
Analysis Method McKeague and Day 1966 EPA 6010 Nelson and Sommers 1996
Analyte Aluminum Iron Manganese  Phosphorus Psat® P:c:/j;f:rljsb Arsenic Cadmium Copper Nickel Lead Zinc Carbon Nitrogen
Units a/kg a/kg a/kg a/kg % a/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg % %
Soil Amendment Sample Name
Phosphorus fertilizer Fert-01 3.1 2.1 0.1 78.7 1,651 775 8.07 54.7 30.9 81.0 1.10 796.9 4.29 12.8
Biosolids Municipal biosolid 101 28.3 0.3 25.1 91 18.2 5.17 2.8 597 23.7 30.9 1,187 36.0 4.71
Wood ash Landfill ash 5-10-18 9.8 5.0 1.3 4.52 31 0.820 17.6 5 49.0 14.2 13.3 499 31.0 0.046
Biochar® ARS Wood 0.262 1.32 0.378 0.47 37.8 0.199 <5 <1 11.0 52.5 3.89 13.3 67 0.043
Biochar® Black Owl 0.505 0.324 0.314 0.558 59.7 0.354 <5 <1 21.9 2.25 <1 6.06 60 0.067
Compost (potting soil) PS-01 0.4 2.6 0.1 1.4 74 0.947 <1 0.2 136 4.14 1.17 91 35.2 0.935
Water treatment residuals Water treatment residuals 74.4 12.4 0.3 0.1 0.160 0.000 6.79 0.6 52.6 4.60 5.79 18.0 36.8 1.99
Ecology MTCA Method A 20 2 NE NE 250 NE NE NE
Ecology MTCA Method B (non-cancer/cancer) 24/0.667 80 /NE 3,200 /NE 880 / NE NE / NE 24,000/ NE NE NE
Ecology MTCA Protective of Groundwater Vadose @ 25 degrees Celsius 2.92 0.69 284 NE 3,000 5,970 NE NE
EPA Part 503 Biosolid Land Application Limits (Pollutant Concentrations) 41 39 1,500 420 300 2,800 NE NE

Notes:

Pt = 100 x [(oxalate-extractable P mol/kg)/(oxalate-extractable Al mol/kg)+(oxalate-extractable Fe mol/kg)+(oxalate-extractable Mn mol/kg)]

bPotentially available phosphorus, calculated from oxalate-extractable phosphorus as mg of phosphorus per kg of total material beyond 25% Py
“Analyses performed by EPA National Health and Environmental Effects Research Laboratory (USEPA 2019a).

Bolded results in shaded cells are greater than one or more MTCA criterion.
Ecology = Washington State Department of Ecology

EPA = U.S. Environmental Protection Agency

g/kg = grams per kilogram

mg/kg = milligrams per kilogram

MTCA = Washington State Model Toxics Control Act Regulation

mol/kg = mole(s) per kilogram

NE = not established

Psat = phosphorus saturation

% = percent
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Table 3-2. Proposed Soil Amendments for Phase Il Bench-Scale Testing

Final

May 2019

Number

Amendment

Rationale for Selection

General

Prescreening Results

Individual Amendments

1

3

4
5

Soluble phosphate

Biosolids

Wood ash

Biochar
Compost

Clear link between lead pyromorphite formation and bioaccessibility reduction
demonstrated in several studies of phosphorus amendment of soils

Reductions in bioaccessibility are associated with lead sorption to iron oxide
surfaces and/or to pyromorphite formation

Locally available material with moderate phosphorus content

Highest carbon content of any of the materials
Locally available material with high carbon content

Reduced bioaccessible lead from
soil extract by > 97%

Material is high in reactive iron

(> 28 g/kq)

Reduced bioaccessible lead from
soil extract by > 93%

Material includes reactive
manganese (> 1 g/kq)

Reduced bioaccessible lead from
soil extract by >97%

100%°

Reduced bioaccessible lead from
soil extract by 95%

Amendment Combinations

6

10

11

12

Soluble phosphate and biosolids

Soluble phosphate and biochar

Soluble phosphate and compost

Biosolids and wood ash

Wood ash and biochar

Wood ash and compost

Biochar and compost

Combination of binding mechanisms: pyromorphite formation and sorption to iron
oxide -Iron oxide in biosolids could mitigate increase in arsenic bioaccessibility due

to bhosphorus amendment
Evaluation of soil quality parameters contributed from biosolid in the presence of

favorable pyromorphite-forming conditions

Potential combination of binding mechanisms (depending on the content of the
biochar)

Evaluation of soil quality parameters contributed from biochar in the presence of
favorable pyromorphite-forming conditions

Evaluation of soil quality parameters contributed from compost in the presence of
favorable pyromorphite-forming conditions

Potential combination of binding mechanisms of pyromorphite formation, sorption
to manganese oxide, and sorption to iron oxide

Evaluation of soil quality parameters contributed from biosolid in the presence of
wood ash

Potential combination of binding mechanisms of pyromorphite formation, and
sorption to Mn oxide

Evaluation of soil quality parameters contributed from biochar in the presence of
wood ash

Evaluation of soil quality parameters contributed from compost in the presence of
wood ash

Evaluation of lead sorption by biochar in the presence of compost

Evaluation of soil quality parameters contributed from biochar and compost

NA

NA

NA

NA

NA

NA

NA

Notes:

# Performed by EPA National Health and Environmental Effects Research Laboratory (USEPA 2019a).
N/A - not applicable
g/kg = grams per kilogram

% = percent
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Table 4-1. Proposed Bench-Scale Testing Soil Amendment Application Rates

Treatment
Number

Soil Amendment

Treatment Rate

Rate Rationale

Estimated Amount per Pot

Individual Amendments

1

Soluble phosphate

Biosolid

Wood ash

Biochar

Compost

Based on a 3-inch soil depth.
Low: 1.625 ton/A MAP or 1.875 TSP ton/A + 0.375 KCI ton/A
High: 4.875 ton/A MAP or 5.625 ton/A TSP + 0.375 KCI ton/A

Based on biosolid bulk density half the soil bulk density. Actual values will be determined on
homogenized soil and biosolids for bench testing.

Low (TBD): 1/4-inch application is estimated to be 22 ton/A

High (TBD): 1-inch application is estimated to be 89 ton/A
Low: 1 percent addition by mass estimated to be 5 ton/A

High: 3 percent addition by mass estimated to be 15 ton/A
Low: 1 percent addition by mass estimated to be 5 ton/A
High: 2.5 percent addition by mass estimated to be 12.5 ton/A

Based on conpost bulk density half the soil bulk density. Actual values will be determined on
homogenized soil and biosolids for bench testing.

Low (TBD): 1/4-inch application is estimated to be 22 ton/A

High (TBD): 1-inch application is estimated to be 89 ton/A

Low: Approximately 5 times the P/Pb molar ratio + 2 times the CI/Pb molar ratio for pyromorphite Low: 1.3 g MAP or 1.5 g TSP + 0.3 g KCI (0-0-60)

formation

High: Approximately 15 times the P/Pb molar ratio + 2 times the CI/Pb molar ratio for pyromorphite
formation. Has produced reductions in lead bioaccessibility in previous studies but not so much as

to induce long-term increases in salinity.

Low: A 1/4-inch application is a reasonable application of biosolid without major disturbance of

existing vegetation

High: A 1-inch application is the maximum depth that would be considered

Low: A 1% application is a reasonable application of biochar without major disturbance of existing

vegetation

High: A 3% application is the maximum mass that would be considered

Low: A 1% application is a reasonable application of biochar without major disturbance of existing

vegetation

High: A 2.5% application is the maximum mass that would be considered

Low: A 1/4-inch application is a reasonable application of compost without major disturbance of

existing vegetation

High: A 1-inch application is the maximum depth that would be considered

fertilizer

High: 3.9 g MAP or 4.5 g TSP (TSP preferred) + 0.3 g
KCI (0-0-60) fertilizer

Low: 16.6 g

High: 133.5 g

Low: 4 g
High: 12 g
Low: 49
High: 10 g
Low: 16.6 g

High: 133.5 g

Amendment Combinations

6 Soluble phosphate and Low: Low phosphate + low biosolid NA Low: 1.3 g MAP, or 1.5 g TSP + 33.25 g biosolid + 0.3 g
biosolids KCl fertilizer
High: High phosphate + high biosolid
High: