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Executive Summary

A non-vegetated filtration swale is a sloped, rock-lined swale that is similar to the biofiltration swale
(BMP T5.40) defined in the Eastern Washington Ecology Stormwater Manual (SWMMEW, 2019), except
that treatment in the proposed BMP occurs as runoff flows through a layer of rock instead of grass.
Constructing a non-vegetated filtration swale is highly desirable for locations with hot and dry summers
such as Eastern Washington, which has a semi-arid climate and requires irrigation to maintain the
vegetation between storm events. Vegetation requires irrigation, and the cost to construct and operate
irrigation systems adds to the overall life-cycle expense of the BMP. In theory, the non-vegetated
filtration swale could reduce maintenance costs in comparison to the biofiltration swale and limit water
usage while meeting basic treatment performance goals. The goal of this study was to evaluate the
effectiveness of a non-vegetated filtration swale BMP. Effectiveness was based on whether the BMP was
able to provide basic treatment (80% reduction of total suspended solids [TSS]) in accordance with
Ecology treatment performance goals as defined in the Technology Assessment Protocol — Ecology
(TAPE) Guidance Document (Ecology, 2018).

The objectives of the study were achieved by conducting controlled field experiments that simulated
five years of storm events (and TSS loading) using synthetic stormwater, from which water quality
samples were collected. The test site was located at the West Richland Municipal Services Building.
Controlled field experiments were conducted starting in August 2022 and ending in October 2022 to
limit the chance of precipitation occurring at the site during field testing. Four non-vegetated filtration
swale alternatives were installed with impermeable liners to limit the influence of soils at the site. Six
simulated water quality design storm events were conducted for each swale alternative.

During the simulated storm events, water quality samples were collected to measure TSS pollutant
removal efficiency at eight locations spaced at 25-foot intervals along the swale. The hydraulic residence
time was measured (travel time through the swale) and velocity was calculated. For each simulated
event, water quality samples were collected from synthetic stormwater with an average concentration
of 136 mg/L of TSS, then an approximate annual loading of TSS was delivered to the swale to simulate
one year between each storm event. The water quality sample results were used to determine whether
the basic treatment performance goals were met for each alternative and assess what length of swale
was needed to meet that goal, as well as estimate the maintenance frequency of the non-vegetated
filtration swale based on performance changes. The results of the controlled field experiments were
used to identify the best-performing alternative, which was installed without a liner to further evaluate
the treatment performance and refine the design and maintenance guidance for that alternative. The
selected alternative was then tested using simulated storm events equivalent to three years of TSS
loading (based on performance of alternatives) following the same procedures as the other four
alternatives.

Objectives and Results

The following paragraphs summarize the results of the study, organized by objective. The results
discussed are for the final swale design alternative.

Objective #1: Define the draft BMP design and maintenance guidance and refine the BMP design and
maintenance guidance using data collected during the study.
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The draft BMP design guidance was developed for the study QAPP. Data collected in the field from this
study was used to refine the draft BMP design and maintenance guidance. The updated guidance is
included in Appendix B.

Objective #2: Determine the TSS pollutant removal efficiency of the BMP by measuring and comparing
pollutant concentrations in the synthetic influent to eight sample locations in each test swale.

Water quality (TSS) grab samples were collected at the influent and eight sample locations along the
swale. Because the samples were collected shortly after flow arrived at the sample locations, the
concentrations were expected to be higher than an event mean concentration which is typically used to
evaluate the treatment performance of BMPs. The initial percent removals were calculated from the
concentrations and indicated that 84.5-87.8% removal of TSS is achieved for the first simulated year.
However, percent removal decreased for Event 3 and 5 (27.8% and 49.9%, respectively), and slightly
decreased for Events 4 and 6 (70.5% and 72.8%, respectively). The decrease in percent removal was due
to the installation of a weir during testing. The weir was installed prior to Event 3 and reinstalled prior to
Event 5 to limit erosion at the downstream end of the swale that was occurring due to a grade break
that was part of the experimental design. The concentrations at the sample location at the downstream
end of the swale increased after each weir installation, indicating that installation of the weir likely
introduced sediment into the treatment rock layer, despite washing the rock following each weir
installation. To understand how the swale would have behaved if the weirs were not installed,
trendlines were developed for each simulated year during testing and concentrations measured at the
end of the swale were excluded from the analysis. The trendlines were expected to best describe how
the swale would perform in a field installation as TSS accumulates in the swale cross-section. The
concentrations and percent removal calculated from the trendlines indicated that the percent removal
for the swale meets treatment performance goals for the first two years and would require maintenance
to restore treatment performance sometime between the second and third year.

Objective #3: Determine the hydraulic residence time and design velocity for which the BMP provides
treatment by measuring flow depth at the upstream and downstream end of each swale as well as the
travel time through the swale and then calculating velocity.

The hydraulic residence time measured in the field was 50 minutes, from which a design velocity of 0.07
ft/sec was calculated.

Objective #4: Determine whether the treatment performance goals were achieved by comparing study
results to TAPE treatment criteria and requirements.

The percent removal results were compared to the TAPE treatment performance goals for TSS using the
bootstrap statistical analysis and the trendline data to predict the treatment performance without the
issues from the weir observed in the field. The results indicated the swale would meet the TAPE
treatment performance goal for all three simulated years.

Recommendations

Based upon the results, recommendations were developed to better understand the performance and
maintenance requirements of the non-vegetated filtration swale. The first of which is that the swale be
approved for a Conditional Level Use Designation, so the performance of the swale can be further
evaluated in the field for actual storm events. Additionally, more field testing will help to better
understand the maintenance cycle and action items for the swale. Effective maintenance actions to
restore the swale treatment performance every two to three years would need to be evaluated. The
maintenance actions to be evaluated would also include more minor, frequent action items such as
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removal of sediment and debris from inlets, weed control, etc. and the frequency at which those should
be performed. Lastly, additional testing of the BMP in the field would provide an opportunity to
understand the impact that a catch basin or forebay would have on treatment performance and
maintenance cycle of the swale.
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1. Introduction

1.1 Introduction to the Structural BMP

The focus of this study was to evaluate the effectiveness of a non-vegetated filtration swale. A non-
vegetated filtration swale is a sloped, rock-lined swale as shown in Figure 1-1. The proposed Best
Management Practice (BMP) is similar to the biofiltration swale (BMP T5.40) defined in the 2019 Eastern
Washington Ecology Stormwater Management Manual (SWMMEW), except treatment in the proposed
BMP occurred as runoff flowed through a layer of rock instead of grass. The proposed BMP was
designed so that runoff from the water quality event would flow through the rock rather than over it, to
maximize the filtration provided by the rock. During a precipitation event, stormwater would enter the
non-vegetated biofiltration swale, either through the head of the swale or along the length of the swale.
Stormwater flows through the layer of rock (treatment rock layer) and discharges into another
stormwater BMP (if other types of treatment or flow control are needed), drywell, or catch basin
connected to the storm drain network.

TOP OF TREATMENT LAYER

H
(NON-VEGETATED SWALE HEIGHT) |

1 / r— 7.5-IN. TREATMENT LAYER
- V4
] | :
3 e i N 7 B o X ¥ e 3
GRAVEL BACKFILL FOR DRYWELLS I ) ~

EXISTING GROUND
3-IN. PEA GRAVEL LAYER
BOTTOM OF NON-VEGETATED SWALE

W

- -
({NON-VEGETATED
SWALE WIDTH)

Figure 1-1 Non-vegetated filtration swale cross-section

The recommended design process for the non-vegetated filtration swale is defined in Appendix B. It was
developed using the design guidance for a biofiltration swale in the SWMMEW and modified based on
the results of this study and to consider guidance from both Eastern and Western Washington, as
described in Section 5 and Appendix B. The non-vegetated filtration swale is a runoff treatment BMP
and is sized for the water quality design flow rate according to Section 2.7.6 of the SWMMEW. The
width of the proposed BMP is sized using one of the approved water quality design storms in Section
2.7.6, which includes the Rational Method 2-year storm, short duration (3-hour) 6-month storm, and the
SCS Type Il 6-month 24-hour storm event. The SWMMWW requires that the BMP be sized to treat the
water quality design flow rate, which is determined through continuous simulation models. In both
manuals, the width (and treatment rock layer depth) is sized to contain the water quality design flow
within the treatment rock layer (water flowed through the pore spaces). Any storm events larger than
the water quality design storm will flow above the treatment rock layer. As such, the non-vegetated
filtration swales are sized to provide freeboard for conveyance to the outlet during design events up to
the 25-year event.

Differences between the proposed non-vegetated filtration swale and the existing biofiltration swale
design are summarized in Table 1-1. The parameters listed in the column titled Proposed Non-Vegetated
Filtration Swale were determined from field testing of the non-vegetated filtration swale (see Section 4
and Section 5). The primary difference between the existing biofiltration swale design in the manuals
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and the proposed non-vegetated filtration swale design was that the proposed BMP had a treatment
rock layer and did not require the planting, seeding of vegetation, or irrigation and mowing.

Table 1-1. Comparison of SWMMEW biofiltration swale and non-vegetated filtration swale

Existing Proposed
Swale Parameters Biofiltration Swale Non-Vegetated Filtration Swale
(SWMMEW, 2019)
BMP Cover Grass Rock
Longitudinal Slope >1% and <5% 21% and <5%
Shape of Swale Trapezoidal Trapezoidal
Manning’s n
(Water Quality Event) 0.3 0.77/0.58"
Flow Depth (y) <4 inches 3 inches?
Bottom Width (B) < 2-10 feet® 2-10 feet
Side Slopes 3:1 or flatter 3:1 or flatter
Length (L) 100 ft* 200 ft?
Hydraulic Residence Time 9 minutes 50 minutes!
Maximum Velocity During <1 ft/sec <0.066 ft/sec?

Water Quality Event

1. These parameters were determined during field testing as discussed in Section 4 and Section 5.

N

The effective depth is the flow depth if it were unobstructed by the treatment rock layer.

3. The SWMMEW specifies < 10 feet; however, it should be 2—10 feet. Per Ecology, this change will be made in

the next manual update.

4. The SWMMEW specifies a minimum 200-foot length for swales; however, it should be a minimum of 100

feet. Per Ecology, this change will be made in the next manual update.

5. Manning’s n is 0.77 for flow through the treatment rock layer. Manning’s n is 0.58 for flow above the pea
gravel layer, which is used to determine the swale width.

This study evaluated the effectiveness of four different configurations of non-vegetated filtration swale
designs by assessing whether they met the basic treatment performance goal (80% removal of TSS). The
four proposed BMP designs are described in detail in Section 3.3 of the study QAPP. The primary
treatment mechanisms for a non-vegetated filtration swale include filtration and gravity separation,
which occurs when runoff flows through the treatment rock layer. Gravity separation relies on variations
in material density for pollutant removal: pollutants denser than water (e.g., TSS and gross solids)
descend and settle within the treatment rock layer. Filtration occurs as TSS is physically trapped in pore
spaces (Hunt & Lord, 2006; Minton, 2012), which is anticipated to occur as stormwater flows through

the treatment rock layer.

1.2 Problem Description

Constructing a non-vegetated filtration swale is highly desirable for locations with hot and dry summers
such as Eastern Washington, which has a semi-arid climate and requires irrigation to maintain the
vegetation between storm events. Additionally, grasses planted in filtration swales in Western
Washington may become dormant during the summer when monthly precipitation is lower. A non-
vegetated BMP will benefit multiple Washington State Permittees by providing a BMP option that does
not require a supplemental water source. Vegetation requires irrigation, and the cost to construct and
operate irrigation systems adds to the overall life-cycle expense of the BMP and consumes water that
could have a higher beneficial use. Maintenance recommendations for the non-vegetated BMP along
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with an estimated life-cycle cost comparison between a vegetated and non-vegetated swale are
discussed in detail in Appendix B and Appendix G.

This study was conducted to support the implementation of NPDES permit-required municipal
stormwater programs, specifically the NPDES Municipal Separate Storm Sewer System (MS4) Phase I
Permit described in Section 1.4. Additionally, the study was intended to inform a modification to the
Ecology-approved biofiltration swale design guidance to include as an option for non-vegetated filtration
swales. This would support Permittees by providing water quality treatment for runoff on-site and
conveying the 25-year storm event as required in the SWMMEW (based on BMP T5.40). This applies to:
EWA Phase Il Section S5.5 Post Construction Stormwater Water Management for the New Development
and Redevelopment; WWA Phase Il Section S5.C.6 Controlling Runoff from New Development,
Redevelopment, and Construction Sites; and the WWA Phase | Section S5.C.5 Controlling Runoff from
New Development, Redevelopment, and Construction Sites. The study evaluated the BMP against
Ecology’s basic treatment goal of 80% TSS removal, to demonstrate whether the BMP was functionally
equivalent to a grass-lined biofiltration swale and establish the length of swale required to provide that
treatment. The findings of the study are discussed in Section 4.

1.3 Project Goals and Objectives

The goal of this study was to evaluate the effectiveness of a non-vegetated filtration swale BMP.
Effectiveness was based upon whether the BMP could provide basic treatment (80% reduction of TSS) in
accordance with Ecology treatment performance goals (Ecology, 2018). If this treatment performance
goal was achieved, the study results would be used to justify that a non-vegetated filtration swale is
functionally equivalent to a biofiltration swale and to request a modified BMP. The goals for this study
were achieved by meeting the following objectives:

e Define the draft BMP design and maintenance guidance for the study (included in the QAPP).
Finalize the BMP design and maintenance guidance based on the results of field testing (final
design and maintenance guidance is included in Appendix B).

e Determine the TSS pollutant removal efficiency of the BMP by measuring and comparing
pollutant concentrations in the synthetic influent to eight sample locations in each test swale.

e Determine the hydraulic residence time and design velocity for which the BMP provides
treatment by using the average flow depth (measured at the upstream and downstream end of
each swale) as well as the travel time through the swale and then calculating velocity and flow
rate.

e Determine whether the treatment performance goals were achieved by comparing study results
to TAPE treatment criteria and requirements.

e Provide recommendations for future action based on the study results.
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1.4 Project Overview

Four swale design alternatives were developed (and described in detail in the study QAPP) for field
testing in order to determine the best alternative for meeting basic treatment goals. Field testing of the
four swale design alternatives started with retrofitting an existing swale at the test site. Two swale
design alternatives, each 200 feet long, were installed within the footprint of the existing 430-foot-long
swale at a time for testing. Each alternative was installed with an impermeable liner and sloped toward
a catch basin installed at the end of each swale (middle of the existing swale). Once testing was
complete for the first two swale design alternatives, the swale design alternatives were removed, and
the remaining two swale design alternatives were installed for testing. Once the four swale design
alternatives were tested, the swale design alternative with the best treatment performance was
installed within the footprint of the existing swale. The swale configuration was modified from what had
previously been tested to include a layer of washed pea gravel below the treatment rock layer instead of
an impermeable liner. The pea gravel was used in place of the liner to allow for infiltration into the
existing ground while also limiting intrusion of underlying soil into the treatment rock layer. The data
collected from the final swale installation was then used to evaluate the treatment performance and
refine the design and maintenance guidance. The site was returned to its original condition (one 430-
foot-long swale) following the completion of testing.

An overview of the steps for testing of the swale design alternatives is described below. A detailed
description of the process can be found in the study QAPP.

e Aninitial 25-year flow rate was sent through the swale to confirm that the rock did not move
during this event, as described in the study QAPP. The 25-year flow was comprised of potable
water and did not include Sil-Co-Sil®. In addition, a leaf blower was also used to assess rock
movement because this is a common maintenance practice and rock being displaced or leaving
the swale creates extra work for the maintenance crew.

e Following the simulated 25-year storm event, each of the first four swale design alternatives
received six batches of synthetic stormwater (simulated storm event—see Section 7.5 of the
study QAPP), which represented a water quality storm event, and samples were collected.
Following each simulated storm event, except the sixth event, a batch of water mixed with 14
pounds of TSS (five total batches) was run through the swales to represent approximately one
year of TSS loading. The target TSS concentration and loading are described in the study QAPP.

e The final swale alternative received six batches of synthetic stormwater to represent water
quality storm events. After every two water quality events the equivalent of one year of TSS
loading was run through the swale, for a total of three simulated years of loading. This allowed
additional data to be gathered before the final swale design alternative was expected to need
maintenance (based on results from field testing alternatives 1-4).

e Grab samples were collected during the simulated water quality storm event at the influent and
at eight evenly spaced locations (every 25 feet) in each 200-foot-long swale design alternative
(nine samples per event, per swale). Because the grab samples were collected shortly after flow
arrived at the sample locations, the samples represent first flush conditions within the swale. As
such, the concentrations collected at the sample locations in the swale are expected to be
higher than typical event mean concentrations.

e The time for flow to travel between the start of the swale and each sample location was
measured to estimate the velocity of the flow through the treatment layer. This was used to
inform the design guidance.
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e Flow from each event was collected in a catch basin at the downstream end of each swale by a
submersible pump and dispersed to the adjacent hillside, away from the test swale.

e Samples collected during the simulated water quality event were analyzed for TSS by an
analytical laboratory, and the data from the samples was used to evaluate whether the swale
design alternatives meet Ecology’s basic treatment performance goals as defined in TAPE.
Results of the water quality samples are discussed in Section 4.

1.5 Study Location

The study took place in the City of West Richland, a city in southeast Washington that has a semi-arid
climate. The test site was located on the City of West Richland Public Works property, south of the
Municipal Services Building and adjacent to a gravel parking lot. The parking lot serves as overflow
parking for the building and has a low trip end count. An existing swale that is designed to collect runoff
from the parking lot was retrofitted to contain the swale design alternatives. The existing swale is a 430-
foot-long non-vegetated swale with a 6.5-foot bottom width, 12—-18-inch depth, and 3:1 side slopes. The
surrounding soils and soil in the swale were anticipated to have high infiltration rates, based on
observations provided by the City of West Richland (no water was observed in the swale during or after
precipitation events). Figure 1-2 provides an aerial view of the test site location.
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Figure 1-2. City of West Richland test site
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2. Sampling Procedures

This section provides an overview of the data collected and sampling procedures followed during the
study. A detailed description of the sampling procedures can be found in Sections 7.0 and 8.0 of the
study QAPP.

2.1 Types of Data Collected

Data collection began in August 2022 and ended in January 2023. Table 2-1 provides a summary of the
types of data collected, including the equipment used, collection frequency, and total number of
samples. Appendix E of this report contains the raw data collected from each simulated storm event
during the study.

Table 2-1. Summary of the types of data collected

Total # of i i)
Data Type How Data Was Collected Frequency Samples  Samples
Samples
Per Swale Per Event
. Recorded 3 times
Influent Flow In-line flow meter; during each event
between pump and inlet g 90 18 3
Rate (6 events per swale
to swale . .
design alternative)
Grab sample; 3 at
Water Quality | influent and 1 at each of Once per
(TSS) Grab eight effluent locations in simulated storm 330 66 11
Samples the swale spaced 25 feet event
apart
. .Stopwatch; recorded Recorded each
Residence time for water to reach .
. . simulated storm 240 48 8
Time/Velocity each effluent sample
. event
location
Single ring infiltrometer;
recorded time for water
Infiltration to fall one inch;
Rate concluded test after less One time 1 N/A N/A
than 5% difference
between 3
measurements
Composite sample of
Final Swale gravel backfill for
. drywells and pea gravel One time 1 N/A N/A
Gradations
from rock washed at
West Richland facility
Composite sample of
Porosity gravel backfill for One time 1 N/A N/A
drywells

1 Gradations were measured for the gravel backfill for drywells and pea gravel used in the final swale alternative,
as requested by Ecology.
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2.2 Sample Collection Process

Data for the study was collected following the standard operating procedures (SOPs) defined in the
study QAPP. The procedures are summarized in this section along with information about the audit and
monitoring equipment. More detailed information regarding each SOP can be found in Section 8.0 of the
study QAPP.

2.2.1 SOP Overview

The following are a summary of the SOPs used during data collection:

o Site Preparation for Simulated Storm Event: The purpose of this SOP was to define the
procedures for preparing the site for a simulated storm event. This SOP was conducted before
each simulated storm event.

e Simulate Water Quality Storm Event: The purpose of this SOP was to define the procedures for
simulating a water quality storm event at the site. This SOP was performed during each
simulated storm event.

e Grab Sample Collection and Processing: The purpose of this SOP was to define the procedures
for collecting and processing TSS samples for delivery to the analytical laboratory. This SOP was
performed when water quality samples were collected.

2.2.2 Influent (Synthetic Stormwater) Distribution System and Sample Equipment Overview

An influent distribution system was used to mix and distribute synthetic stormwater to the swale at the
water quality design flow rate. The influent distribution system is shown in Figure 2-1, Figure 2-2, and
Figure 2-3. Prior to each simulated storm event, 1,000 gallons was added to the 1,500-gallon tank using
a water truck (Figure 2-1). A high-flow pump was used inside the tank to mix the water as premeasured
Sil-Co-Sil® was added to the tank to keep the synthetic TSS in suspension. A second pump in the tank
directed flow through a pipe network to a 50-gallon barrel located at the start of the test swale. Slots
were cut into the 50-gallon barrel to help dissipate energy leaving the pipe network and entering the
swale (Figure 2-3). An in-line flow meter was located upstream of the barrel and was used to measure
flow rate and verify that flow delivered to the swale met the water quality design flow rate.
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Figure 2-1. Simple diagram of influent distribution system

Figure 2-2. Influent distribution system during testing of final swale alternative
(Photo credit: Evergreen StormH20)
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i £ A -
Figure 2-3. In-line flow meter and barrel used for energy dissipation
(Photo credit: Brian Morgenroth, City of Walla Walla)

As flow traveled through the swale, samples were collected in sample ports located every 25 feet in the
swale. The ports consisted of capped PVC pipe buried in the ground below the swale so the open end of
the pipe was flush with the top of the liner. The PVC pipe was duct-taped to the liner in order to limit
flow below the liner. Wire mesh was staked into place around the port to keep the treatment rock layer
from entering the sample port. Once water reached each sample port, grab samplers were held so the
opening of the sampler was approximately 1 inch above the top of the sample port. The grab samplers
were held in place until they filled with synthetic stormwater. Figure 2-4 shows a close-up of one of the
sample ports without a grab sampler and with a grab sampler held in place by wire.

April 2023 Page | 13



Final TER Non-Vegetated Filtration Swale Stormwater Effectiveness Study

T AR S L (8 q TR U FiidaZ oakehed ek S K PSS

Figure 2-4. Empty sample port (left) and sample port containing grab sampler (right)
(Left photo credit: Evergreen StormH20 — Right photo credit: Brian Morgenroth, City of Walla Walla)

2.2.3 Audit Overview

An audit was conducted by a participating entity as part of the data quality assessment to verify whether
staff followed the SOPs during the study. Results of the audit indicated that the SOPs were followed for
the duration of the study or modified, and that no quality assurance issues related to the SOPs were
identified. Any deviations in the SOPs from those in the study QAPP are summarized in the audit findings
(Appendix C.4) and detailed in the summary of deviations from the QAPP (Appendix C.5). Deviations
primarily included SOPs that were not used because an alternative method was more appropriate.
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3. Data Quality Assessment

A data quality assessment was performed to determine whether data collected during the study met
Data Quality Indicators (DQls) and Measurement Performance Criteria (MPCs) that were defined in the
study QAPP. DQls are qualitative and quantitative measures that characterize the aspects of quality
data. MPCs are the acceptance criteria for DQls, which specify the standard for data to meet the data
quality objectives for the project. The assessment of whether MPCs were met for each DQl is
summarized in Appendix C.1. As part of the data quality assessment, a data verification and data
usability assessment were performed. The data verification is summarized in the following section and
supporting materials are included in Appendix C.2 and Appendix C.4. The data usability assessment is
summarized in Section 3.2 and supporting materials are included in Appendix C.1-Appendix C.5.

3.1 Data Verification

Data verification involves a review of data collected in the field and data provided by the analytical
laboratory. Both sets of data were reviewed to verify that the raw data and data entries were
consistent, correct, and complete, with no errors or omissions. The review for consistency, correctness,
and completeness is summarized in Appendix C.4.

The review of field data indicated that flow and time measurements were within acceptable ranges as
defined in Section 6.0 of the QAPP. The data verification process found 10 instances where residence
time measurements were missing. None of the flow monitoring measurements were missing. These
data points are summarized in Table 3-1.

Table 3-1. Summary of missing field data

Altse‘:'vnaalfive Storm Missing Data Type Number of Missing Data
1 1 Time / Velocity Location 1-7
2 1 Time / Velocity Location 1
2 6 Time / Velocity Location 1
Final 2 Time / Velocity Location 8

The review of analytical laboratory data is documented in the Quality Assurance (QA) Worksheets in
Appendix C.2. The worksheets were completed for each batch of samples sent to the analytical
laboratory and contain results of laboratory QC tests (reference QAPP Section 6.0 for detailed
description) to determine whether water quality data are acceptable. The information summarized in
the QA worksheets includes:

e Parameter

e Method

e Chain of Custody Issues

e Completeness/Methodology
¢ Holding Times

e Temperature of Samples Received at Lab
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e Laboratory Method Blank Results

e Laboratory Standard Analysis Results

e Laboratory Duplicates Results

e Laboratory Notes on Instrument Calibration/Performance
e Action (if needed)

The data verification process found that no method blank results or laboratory standard analyses
exceeded control limits, seven QC batches contained laboratory duplicates, which exceeded control
limits, and no samples or sample results were missing. A summary of QC batches that did not meet
QA/QC tests is included in Table 3-2. Based on discussion with the laboratory, the samples associated
with these QC batches were determined to be valid. Usability of these samples is discussed in detail in
Section 3.2.

Table 3-2. Summary of laboratory data outside of control limits

Parameter Outside of

Swale

QC Batch Alternativel Storm Location of Sample? Control Limits
LBO14 3 1 Influent 1-3, Locations 1-8 Lab Duplicates
LBO14 1 1 Influent 1-3, Locations 1-4 Lab Duplicates
LB022 3 6 Location 8, end Lab Duplicates
LB023 4 1 Locations 6-8, end Lab Duplicates
LB024 2 1 Influent 1-3, Locations 1-8, end Lab Duplicates
LB034 Final 1 Influent 1-3, Locations 1-8 Lab Duplicates
LB034 Final 2 Influent 1-3, Locations 1-6 Lab Duplicates
LB0O35 Final 2 Background Locations 1-2, Location 8 Lab Duplicates
LB038 Final 4 Influent 1-3, Locations 1-8 Lab Duplicates

! See study QAPP or Appendix D for descriptions of Swale Alternatives.
2 See Figure 4-1 and Figure 4-2 for plan and profile view of sample locations at the test site.
3.2 Data Usability Assessment

The data usability assessment consists of a review of QA/QC materials for the study to determine
whether each MPC for the study is met. The materials are reviewed in terms of precision, bias,
representativeness, completeness, and comparability. The usability assessment also includes a
discussion of limitations on use of measurement data, whether the quality assurance objectives were
met, and the resulting impact on decision-making. The materials reviewed include:

e Results of field and lab data verification (Section 3.1)

¢ Data Quality Assessment results in terms of precision, bias, representativeness, completeness,
comparability, and sensitivity (Appendix C.2)

e Copies of field forms used to document SOPs being followed (Appendix C.3)

e Results of technical system audits (Appendix C.4)
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e Changes and deviations from QAPP (Appendix C.5)

Following review of the materials, all data was determined to be usable. The limitations of the data that
were identified included missing time measurement data and laboratory duplicates outside of control
limits. Missing time measurement data consisted of less than 5% (missing data was calculated to be
4.2%) of the entire time measurement dataset, and as a result was not expected to impact the analysis
of the data. From discussion with the analytical laboratory, laboratory duplicates that exceeded control
limits do not indicate that the associated sample results are invalid. Instead, duplicates that exceeded
control limits would serve as error bars indicating the range of uncertainty. Water quality results are
therefore reported in Section 4.2 in terms of actual sample results (Table 4-1), as well as lower and
upper error limits (Table 4-2).

Review of the field forms, technical system audits, and changes and deviations from the QAPP indicated
that MPCs were met for all DQls. A detailed assessment for each DQl is included in Appendix C.1. The
review of field forms and technical system audits suggested the SOPs were followed for the duration of
the study; where modifications were made, they were noted in the audit form (Appendix C.4) and
summary of deviations from the QAPP (Appendix C.5). Reasons for modifications included: revising
procedures to provide a benefit to data quality or data collection (i.e., cleaning all components of grab
samplers after each simulated storm event, adjusting field measurement of velocity to rely on time
measurements instead of piezometer readings); revision of steps following guidance provided by the
analytical laboratories (i.e., procedures for transport and delivery of samples); and revision of steps
following use of equipment in the field and experiencing field conditions (i.e., pre-chilling sample bottles
was not effective while waiting for water to flow through the swale in full sun and 90-1002F heat). No
significant quality assurance problems were identified.
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4, Data Summaries and Analysis

This section provides a detailed discussion of the findings for the final swale alternative. The final swale
alternative was developed from testing and evaluating the data from the four swale design alternatives,
which are discussed in detail in Appendix D. The data analysis performed for the four swale alternatives
and final swale alternative is contained in Appendix E — Data Analysis. Details about the study design are
described in the study QAPP.

4.1 Introduction to Water Quality Results

This section provides an overview of the water quality results that are described in Section 4.3 to
Section 4.5 for the final swale alternative. Tables have been included that contain the TSS
concentrations at the influent and eight effluent locations, which are called out in relation to the test
swale as shown in Figure 4-1 and Figure 4-2, as well as the percent removal over the length of the test
swale (influent to sample location 8). Percent removal was calculated using Equation 1, described in the
following paragraph. The effluent concentrations in the tables are colored in some of the tables on a
relative scale according to the range of values in the table: red is assigned to the highest concentrations,
green indicates the lowest concentrations, and concentrations falling between those values are assigned
shades between red and green. As mentioned in Section 1.4, the effluent concentrations in the tables
are grab sample results that represent the first flush concentrations within the swale. As such, they are
expected to be higher than an event mean concentration, which is typically used to evaluate the
treatment performance of BMPs.

Percent TSS removal was calculated for the four alternatives and final alternative (Section 6 and
Appendix D) using Equation 1. The equation uses the influent concentration and the concentration from
each sample location to calculate the percent removal. The overall percent removal for each event was
also calculated using the influent concentration and the concentration collected at sample location 8
(200 feet), which is the last sample location in the swale.

Cin—C
Percent Removal = 100 X —2—=¢1 Equation 1

in
Where

Cin = influent concentration (mg/L)
Ceff = concentration measured at a sample location (mg/L)
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Figure 4-2. Influent and eight effluent sample locations in swale profile view
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4.2 Recommendations for Final Swale Alternative

Based on the water quality results from testing of the four alternatives (Appendix D), the findings from
the 25-year flow event and blower test, and potential availability of the rock, Alternative 3 gravel backfill
for drywells was selected for the final swale alternative. As discussed, for Alternative 3 in Appendix D,
the first simulated storm event suggested a similar swale design alternative may be successful with a
more frequent (than 6 years) maintenance cycle, especially if the impermeable liner were replaced with
a rougher or more permeable barrier between the treatment rock layer and the existing ground. The
final swale alternative replaces the impermeable liner used in Alternative 3 with a 3-inch layer of pea
gravel to limit migration of soils from the ground into the swale and allow for infiltration. Pea gravel is
commonly used in stormwater BMPs as a choke stone layer instead of permeable liners (Hunt & Lord,
2006). 7.5 inches of gravel backfill for drywells, the same as used in Alternative 3, was placed on top of
the pea gravel for the treatment layer. The remaining swale design alternatives were not selected due to
the reasons described in Sections 9.1.7.4, 9.1.8.4, and 9.1.10.4 (Appendix D).

4.3 Evaluation of Final Swale Alternative

The final swale alternative installed comprised 3 inches of pea gravel under 7.5 inches of gravel backfill
for drywell. The final swale alternative was installed with the sample ports in the same locations as
shown in Figure 4-1 and Figure 4-2. As discussed in Section 4.1, the purpose of the pea gravel layer was
to limit migration of sediment along the bottom of the swale, especially from the existing ground, and to
allow runoff to infiltrate. The rock was also washed prior to installation in the swale, to limit fines in the
gravel backfill for drywells and subsequent background concentrations at the start of the test. The
washing was done by spreading the rock out in a concrete decant basin at the City of West Richland’s
street waste facility and spraying the rock with an estimated 10,000 gallons of water. Comparing the
background concentration in Table 4-1 to the background concentration from the other four alternatives
(Appendix D, see footnote 1 below the water quality result tables), the additional washing appears to
have reduced the background concentration by at least half. Recommended rock washing practices are
addressed further in Section 5.1 and Appendix B.

Like the water quality data from the first four swale alternatives, the results in this section are from grab
samples that represent first flush conditions within the swale. Some key points about the data noted in
Table 4-1 as well as Figure 4-3 and Figure 4-4 are as follows:

e Asshown in Table 4-1, greater than 80% TSS removal was achieved for simulated storm events
1-2 and 4 and 6 when comparing the concentration from sample location 1 (25 feet) to the
concentration from sample location 8 (200 feet).

e Asshown in Figure 4-3, the TSS concentrations decreased as runoff traveled through the swale.

e Asshown in Table 4-1, the TSS concentration at sample locations 1 (25 feet) and 2 (50 feet) is
greater than the influent concentration for events 3 to 6. This is likely due to the annual load
that was added to the swale following sample collection events 2 and 4 and right before sample
collection for events 3 and 5. As shown in Figure 4-4, the higher TSS concentrations at these
sample locations result in negative TSS removal rates for events 3 to 6. Since the annual load is
typically distributed to a BMP over many storms throughout the year as opposed to all at once
(as done for this study), these higher TSS concentrations were considered a stress test and not
representative of conditions expected in the field. It should be noted that treatment
performance appears to be recovering (improved pollutant reduction) as runoff travels through
the swale.
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e Asshown in Table 4-1 and Figure 4-3, the percent TSS removal drops to 27.8% and 49.9%
during Events 3 and 5, respectively, when comparing the influent concentration to the
concentration from sample location 8 (200 feet). The decrease in percent removal for Events 3
and 5, as well as the increase in concentration at sample location 8 (200 feet) for Events 3—-6
were likely caused by the installation of weirs after the last sample location. The installation of
the weirs and the reasons why they were installed are discussed following Figure 4-4.

As discussed in Section 3.2, several of the lab duplicates were outside of control limits (greater than 5%).
From discussion with the analytical laboratory, the duplicates that exceeded control limits would serve as
“error bars” indicating a range of uncertainty for each sample result (includes influent and effluent
sample results). Water quality results were therefore adjusted to show the results at the lower and upper
end of the error bar. The error associated with each storm event is included in Table 4-2 along with the
potential range of values given the respective uncertainty. The percent removal from influent to sample
location 8 (200 feet) was also calculated for the range of values, and the potential range of percent
removal is shown in Table 4-2. As shown, even with the error of £11.4% for Event 1, the concentrations
at the end of the swale only vary by + 1.7 mg/L, and the percent removal from influent to the end of the
swale ranges between 80.5-87.6%, which still meets the targeted removal for TSS. Additionally, the
range of percent removal for Event 2 is 84.6-90.3%. The range of percent removal for Events 3—6 still
does not meet the targeted percent removal likely due to the installation of weirs, as discussed after
Figure 4-4. Because the ranges for Events 1 and 2 still meet the targeted 80% removal of TSS, and the
same events shown in Table 4-2 meet the targeted 80% removal from the influent to the end of the
swale, the remaining data analysis will be based on the sample results in Table 4-1.
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Table 4-1. Final swale design alternative water quality results

Concentration mg/L

Year 1 Year 1 Year 2 Year 2 Year 3 Year 3
Background Sample
Location in Swale (ft) Event#1 | Event#2' | Event#3 | Event#4' | Event#5 | Event #6
Influent 9.42 108 119 106 123 148 126
25 58.0 55.1 108.3 249.2 447.3 493.4 305.9
50 22.3 32.3 54.1 99.5 137.1 268.5 167.0
75 32.9 27.3 43.2 80.1 88.9 92.3 95.1
100 29.2 25.8 30.7 55.2 96.7 82.5 76.4
125 19.8 19.8 28.1 52.5 51.9 100.6 55.6
150 30.7 27.4 22.3 34.8 48.0 68.5 40.3
175 30.8 26.4 16.8 41.0 29.5 51.2 35.4
200 374 16.7 14.6 76.3 36.2 74.3 34.5
% Removal from Influent to 200 feet - 84.5 87.8 27.82 70.5 49.92 72.8
% Removal from Influent to 175 feet - 75.5 85.9 61.2 75.9 65.4 72.0
% Removal from 25 feet to 200 feet ) 69.7 86.6 [Zizg; [: 11.';’]3 [2228?3 [88;3.';]3

1 An annual loading of TSS was added following Event 2 (end of Year 1) and Event 4 (end of Year 2) as described in the study QAPP.
2 Results were impacted by the installation of a weir downstream of sample location 8 (200 feet) to limit erosion and to be able to collect sufficient sample at

sample location 8.

3 per TAPE, influent concentrations that are greater than the influent range must be set to the value at the upper end of the range (200 mg/L for TSS). The
value in the table reflects the change in concentration between the first sample location (25 feet from the influent) to sample location 8 (200 feet), and it uses
200 mg/L as the concentration at sample location 1 (25 feet) because the measured concentration at that location was greater than 200 mg/L.
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Table 4-2. Final swale water quality results, including error

Concentration mg/L

t=1yr t=1yr t=2yr t=2yr t=3yr t=3yr
Location in Swale Event #1 Event #2 Event #3 Event #4 Event #5 Event #6
Sample Result Error 11.40% 11.40%* 2.96% 7.30% 2.60% 2.96%
Influent Concentration | 95.3-119.8 105.5-132.6 102.5-108.8 113.7-131.6 144.3-152.0 122.7-130.2
25| 48.8-61.4 95.9-120.6 241.8-256.5 414.6-480.0 480.6-506.2 296.8-314.9
50 | 28.6-36.0 47.9-60.2 96.6-102.4 127.0-147.1 261.5-275.5 162.0-171.9
75| 24.1-304 38.2-48.1 77.7-82.4 82.4-95.3 89.9-94.6 92.3-97.9
100 | 22.8-28.7 27.2-34.2 53.6-56.8 89.6-103.7 80.3-84.6 74.1-78.7
125 | 17.5-22.0 24.9-31.2 50.9-54.0 48.1-55.6 97.9-103.2 53.9-57.2
150 | 24.3-30.5 19.7-24.8 33.7-35.8 44.4-51.5 66.7-70.2 39.1-41.5
175 | 23.3-29.4 14.9-18.7 39.7-42.2 27.3-31.7 49.9-52.5 34.3-36.4
200 | 14.8-18.6 12.9-16.2 74.0-78.6 33.5-38.8 72.3-76.2 33.4-35.5
% Removal from Influent to 200 feet’ | 80.5-87.6 84.6-90.3 23.4-31.9 65.9-74.5 47.2-52.4 71.1-74.3
% Removal from Influent to 175 feet | 69.2-80.5 82.3-88.8 58.9-63.5 72.2-79.2 63.6-67.2 70.3-73.6
% Removal from 25 feet to 200 feet | 61.9-75.9 83.1-89.3 [ :()7_'75_';31_'()1]3 [898_ '66_'8933.'20]3 [ :f_ '91_':35.'87]3 [:f_'s_':;;gg

1 Event 2 was split into two separate QC batches, as shown in Appendix C.2. The lab duplicate result shown for Event 2 was the highest value from the two QC
batches and was associated with most of the samples (influent 1-3, sample locations 1-6).
2 Percent removal range values reflect (a) the change between the influent concentration at the lower end of the error and the sample location 8 (200 feet)
concentration at the upper end of the error (lower end of range) and (b) the change between the influent concentration at the upper end of the error and the
sample location 8 (200 feet) concentration at the lower end of the error (upper end of range).
3 Per TAPE, influent concentrations that are greater than the influent range must be set to the value at the upper end of the range (200 mg/L for TSS). The
range in the table reflects the change in concentration between the first sample location (25 feet from the influent) to sample location 8 (200 feet), and it uses

200 mg/L as the concentration at sample location 1 (25 feet) because the measured concentration at that location was greater than 200 mg/L.
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Figure 4-3. Final swale effluent to influent concentration ratio
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Figure 4-4. Final swale percent reduction by location and event

April 2023 Page | 24



Final TER Non-Vegetated Filtration Swale Stormwater Effectiveness Study

Following Event 2, erosion was observed downstream of sample location 8 (200 feet). If allowed to
continue, the erosion would have likely impacted the sample collected at location 8 and potentially
migrated up the swale as testing continued. Based on field observations, the erosion appeared to be due
to the grade break immediately after the end of the test swale down to the catch basin, shown in Figure
4-5 and Figure 4-6 (also see Appendix D of study QAPP for design drawings). The grade break was added
to direct runoff that discharges the swale toward a catch basin that was installed a few feet below the
end of the swale to prevent any ponded water from flowing back into the swale and impacting water
quality results. To stop erosion during future sample events, a weir was installed 1-2 feet downstream
of sample location 8. The weir spanned the width of the bottom of the swale and was installed so the
top of the weir was even with the existing ground below the pea gravel. However, following Event 4,
observations indicated that flow was eroding around the sides of the weir and was beginning to bypass
the sample port. As a result, a larger weir was installed prior to Event 5. The second weir was
constructed so the top of the weir was even with the top of the pea gravel, and wing walls were added
to limit flow eroding around the weir. The opening between the wing walls was 2 feet wide. Figure 4-7
shows the second weir installed during testing of the final swale alternative. The sediment on the
impermeable liner in the figure was one of the indicators that erosion was occurring.

STANDARD CATCH BASIN TYPE | OR
SIMILAR (NO INLET GRATE), SEE
SWALE PLAN FOR RIM ELEVATION

IV .30

/2> SWALE OUTLET

END NON-VEGETATED

FILTRATION SWALE
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A-D DM SHEET 2

- i v o

IH TV
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SWALE BOTTOM
1% SLOPE

TOWARDS CB

B

\ SLOPE TO TRANSITION TO SWALE

BOTTOM

GRADE SLOPE FROM EXISTING SLOPE TO

CONNECT AT RIM OF CATCH BASIN. PLACE
IMPERMEABLE LNER ARQUND CATCH BASIN

Figure 4-5. Detail showing change of grade from end of swale to catch basin
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Ll

Figure 4-7. Weir installed following Event 4, facing upstream
(Photo credit: Drew Woodruff, City of West Richland)

After each weir was installed, the rock around sample location 8 (200 feet) was washed with water to
reduce the potential impact of sediment from digging downstream of the swale. The sample port was
also cleaned prior to the following simulated storm event as required by the study SOPs (see Section 8.1
of study QAPP).
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Despite the additional washing, and based on the water quality results, it appears that the installation of
the weirs impacted concentrations and TSS removal at sample location 8 (200 feet) for the remaining
events, in particular Events 3 and 5, and that the data at sample location 8 would inaccurately skew the
water quality performance of the swale. Reasons for this conclusion are as follows:

The TSS concentration generally decreased as runoff flowed through the swale. However, for
Events 3 and 5, the concentration at sample location 8 (200 feet) increased by 35 and 23 mg/L
(respectively) from concentrations at sample location 7 (175 feet). Increases in concentration
occurred between other sample locations during testing; however, the increases were typically
between 5—-10 mg/L, with one increase of 18 mg/L during Event 5 (likely due to the annual TSS
loading). Additionally, concentrations at sample location 8 (see Table 4-1) still increase or are
roughly the same as the concentrations at sample location 7 (175 feet) for Events 4 and 6. The
local increase in concentration suggests the impacts are limited to the area adjacent to where the
weir was installed.

As shown in Table 4-1, the percent removal at sample location 8 (200 feet) decreases for Events
3 and 5 (compared to the other events). These events occurred immediately after each weir
installation and appear to be due to the increased concentrations described in the previous
bullet.

Figure 4-8 to Figure 4-11 are trendlines to fit two groups of data: all the positive percent
removal data from each event and all the positive percent removal data from each event except
the concentration at sample location 8 (200 feet). All four figures show the trend in percent TSS
removal as runoff flows through the swale. Important observations noted on these figures
include:

o Figure 4-8 and Figure 4-10: For Events 3 and 5, when the percent removal at sample
location 8 is included, this data point skews the trendlines which is shown by the lower
R-squared value compared to the trendline without this data point. The reduced slope in
the trendline indicates a decrease in the overall swale treatment performance even
though the decrease (percent removal) only occurred at sample location 8.

o Figure 4-9 and Figure 4-11: For Events 4 and 6, when the percent removal at sample
location 8 is included, the data point skews the trendlines, which is shown by the lower
R-squared value compared to the trendline without this data point. However, the skew
in Figure 4-9 and Figure 4-11 is less than the skew in Figure 4-8 and Figure 4-10, and
there is an increase in the slope of the trend line with the percent removal at sample
location 8 improving from Events 3 to 4 and from Events 5 to 6. The improved percent
removals and less-skewed (increased pollutant removal) trendline for Events 4 and 6
suggest that the TSS treatment performance was recovering since Events 3 and 5.

Because of the impact the installation of the weirs appears to have had on the data collected at the end
of the swale, it was anticipated that at least the data from sample location 8 for Events 3—6 would be
discarded. Trendlines were developed to understand how the swale would have behaved without the
impacts of the weir installation, as well as determine whether any additional data should be discarded.
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Figure 4-8. Event 3 percent removal and trendline

Figure 4-10. Event 5 percent removal and trendline
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Multiple trendlines were created to identify patterns in the data and understand the potential swale
treatment performance without the impacts due to the weir installation. This included plotting the
percent removal along the swale and grouping data from different events. Only positive percent
removal data was plotted, as the annual TSS loads delivered to the swale created increases in TSS
concentrations near the start of the swale (resulting in negative percent removal at the first and
sometimes second sample location). Since the annual load is typically distributed to a BMP over many
storms throughout the year as opposed to all at once (as done for this study), these higher TSS
concentrations were considered a stress test and not representative of conditions expected in the field.
Since the annual load would not be applied all at once in the field, these data points were removed.
Linear trendlines were used as opposed to other trendline options because the linear trendlines
provided a better fit, as indicated by the R-squared values, and the other options overestimated or
underestimated concentrations at the beginning or end of the swale. Trendline lines use a regression
analysis to determine how well the data fits a line, with R-squared values closest to 1 or -1 having the
best fit.

e Figure 4-12: To start, all the percent removal data from each event was plotted. As shown by
the R-squared value (0.3203), there was not a strong correlation between the data and the
trendline.

e Figure 4-14. Percent removal correlation for events 3 and 5; location 8 removed
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Figure 4-15. Percent removal correlation for events 3 and 4
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e :Because of the impact the weir had on TSS concentrations and removal rates at sample
location 8 during events 3 and 5 (Table 4-1, Figure 4-9 and Figure 4-11), these two data points
were removed to see if the R-squared value would improve. The resulting trendline and R-
squared value (0.3215) was not significantly different than all the data in Figure 4-14. Percent
removal correlation for events 3 and 5; location 8 removed
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e Figure 4-16: Next, all the data from Events 3 and 5 were removed to assess whether all the data
from those storms would need to be discarded. This increased the R-squared value for the
trendline to 0.4037, which still does not indicate a strong correlation between the data and
trendline. As the data in Events 3 and 5 (except for location 8) appears to be within the range of
the other results received for the final swale alternative and there were no data quality
concerns with the samples collected from sample locations 1-7, it was determined that the
entire events should not be discarded.

e Figure 4-13 to Figure 4-17: As plotting all of the data (Figure 4-12) did not result in a strong
correlation between the data and the trendline, data was grouped by simulated year, because it
was anticipated that water quality data collected during the same simulated year (and before or
the annual load was added for that year) would create a stronger correlation between the data
and trendline. In addition, it is anticipated that over time the treatment performance will
decline as the swale TSS accumulation rates increase in the rock layers and these data groupings
likely best describe how the swale would perform in a field installation. Since the percent
removal data at sample location 8 (200 feet) appeared to skew the trendlines shown in Figure
4-8 through Figure 4-11, the data from sample location 8 was omitted for Events 3—6 (Figure
4-15 and Figure 4-17).

The trendlines shown in Figure 4-13, Figure 4-15, and Figure 4-17 were selected to predict how the
swale would perform in a field installation without the impact of the weir or the annual loading. These
trendlines were selected because they had the highest R-squared values and because the groupings of
data likely best reflect the declining treatment performance of a field installation over time. The
resulting water quality concentrations and percent removals from the trendline analysis are included in
Table 4-3, Table 4-4, and Table 4-5. As field installations of the final swale design alternative would not
involve installation of a weir, the final swale design alternative is expected to meet the targeted 80%
removal of TSS by the end of the swale (200 feet) for the first two years, and maintenance would be
required at some point between years two and three (maintenance frequency and approaches to
extend the frequency are discussed further in Section 7). The bootstrap statistical analysis (Table 4-5)
also suggests treatment performance may be able to be extended into year 3, though the analysis relies
on the three percent removal results at sample location 8 (200 feet).

The data shown in Table 4-3—-Table 4-5 provide an indication for typical performance of the non-
vegetated filtration swale. Additional field testing is still recommended due to the impact of the weir
installation, how the annual loading was simulated, and the use of grab samples to evaluate the
treatment performance during the study. The field testing would help to verify whether the results
discussed (trendline data) in this section would occur in a typical installation and are expected to
provide additional insight that could assist with refining the maintenance cycle of the BMP.
Recommendations for additional testing are described further in Section 6.
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Figure 4-13. Percent removal correlation for events 1 and 2 Figure 4-15. Percent removal correlation for events 3 and 4 Figure 4-17. Percent removal efficiency for events 5 and 6
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Table 4-3. Final swale design alternative water quality results from trendline analysis

Concentration mg/L
Location in Swale Year1 Year 2 Year 3
Influent 113 114 137
25 47.0 129.2 120.9
50 42.2 112.9 107.9
75 37.4 96.7 94.8
100 32.6 80.4 81.8
125 27.7 64.1 68.8
150 22.9 47.9 55.7
175 18.1 31.6 42.7
200 13.3 15.4 29.6
% Removal from Influent 88.3% 86.5% 78.4%
% Removal from Location 1 71.7% 88.1% 75.5%
Table 4-4. Final swale design alternative removal efficiency results from trendline analysis
Location in Swale Year 1 Year 2 Year 3 Average
25 58.5% -13.2% 11.9% 19.1%
50 62.8% 1.00% 21.4% 28.4%
75 67.0% 15.3% 30.9% 37.7%
100 71.3% 29.5% 40.4% 47.1%
125 75.5% 43.8% 49.9% 56.4%
150 79.8% 58.0% 59.4% 65.7%
175 84.0% 72.3% 68.9% 75.1%
200 88.3% 86.5% 78.4% 84.4%

4.4 Statistical Comparison of Pollutant Concentrations

A statistical analysis was performed to assess whether there was a statistically significant difference in
the analytical results between the influent and effluent TSS concentrations at each sample location (8
total). The following paragraphs include a more detailed description of the analysis as well as the results

of the analysis. Output from the statistical analysis can be found in Appendix E.
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The data evaluation included evaluating the concentrations from the influent data set and each effluent
data set (for each sample collection location) separately. First the data was evaluated using the Ryan-
Joiner test to determine whether the data was normally distributed, which would determine the
method for the statistical analysis. Normality was assumed if the test produced a p-value greater than
0.05. From the Ryan-Joiner test it was found that all of the data sets were normally distributed as such,
the two-sample t-test was selected to conduct the statistical analysis. This test uses a 95% confidence
interval (=0.05) to decide whether to accept the null (H,) hypothesis or reject the null hypothesis and
accept the alternative (Ha) hypothesis. The specific null hypothesis (Ho) and alternative hypothesis (Ha)
evaluated for this study are as follows:

e H,: Effluent pollutant concentrations from a given sample location are equal to the influent
concentrations entering the swale

e H.: Effluent concentrations from a given sample location are less or greater than the influent
concentrations entering the swale.

Results from the statistical analysis indicated that the difference between the influent and
concentrations was statistically insignificant for samples collected within the first 50 feet of the swale
but statistically significant for samples collected from 75 feet to the end of the swale (200 feet). It is
worth noting that sample locations 1 (25 feet) and 2 (50 feet) is where the highest concentrations of TSS
were observed (higher than the influent concentrations due to the annual loading) and where Sil-Co-
Sil® was visually observed to settle out the most in the swale during testing as shown in Figure 4-18.
The results of the statistical analysis are summarized in Table 4-5.

The statistical analysis relied on eighteen influent concentration data points and six concentration data
points for each sample location in the swale. If a larger amount of data for each sample location were
obtained, whether the sample location was statistically significant from the influent is not expected to
change, as most of the p-values shown in Table 4-5 are well above or below 0.05 (greater than 0.05
indicates the difference is insignificant). With additional data, the statistical means and 95% confidence
intervals used to determine whether a statistically significant difference exists may be refined.

Table 4-5. Summary of influent and effluent location concentrations statistical comparison

. o Statistically P value
Location in Normally Statistical . g . ..
s Significant (>0.05 Statistically
Swale Distributed? Method . . e
Difference? Insignificant)

Influent Yes Two-Sample T-Test - -

25 feet Yes Two-Sample T-Test No 0.085
50 feet Yes Two-Sample T-Test No 0.897
75 feet Yes Two-Sample T-Test Yes 0.007
100 feet Yes Two-Sample T-Test Yes 0.003
125 feet Yes Two-Sample T-Test Yes 0.001
150 feet Yes Two-Sample T-Test Yes 0.000
175 feet Yes Two-Sample T-Test Yes 0.000
200 feet Yes Two-Sample T-Test Yes 0.000
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Figure 4-18. Left: Settled Sil-Co-Sil ® at influent of test swale (photo from initial testing); and Right: Settled Sil-
Co-Sil® in pea gravel and gravel backfill for drywells at influent
(Left and right photo credit: Drew Woodruff, City of West Richland)

The statistical comparison of pollutant concentrations confirms observations in the field (Figure 4-18)
that the TSS is settling out in the first 50 feet of the swale. The p-value at sample location 1 (25 feet) was
close to 0.05, suggesting that concentrations in the swale were consistently high enough to almost
create a statistically significant difference from influent concentrations. At sample location 2 (50 feet),
measured concentrations were close enough to the influent concentrations that the p-value increased
to 0.897, which indicated an increased likelihood that no significant difference between influent and
effluent concentrations. If additional storm events had been simulated, those concentrations would
likely have been above the influent concentration (as TSS continued to settle), and the p-value may have
indicated a statistically significant difference at sample location 1 (25 feet). This information could help
crews understand where maintenance should be focused in a field installation of the swale.

Additionally, the statistically significant difference between influent and effluent concentrations for
sample locations 3 (75 feet) to 8 (200 feet) further confirms (in addition to the analysis discussed in
Section 4.2) TSS concentrations are decreasing through the swale. The decreasing p-value for these
sample locations indicates an increasing confidence that the concentrations at the sample locations are
declining as stormwater flows through the swale.

4.5 Water Quality Treatment Performance

A bootstrapping analysis was conducted as described in 14.1.3 of the study QAPP. The removal
efficiencies estimated in Table 4-5 were used in this analysis and were compared to the Ecology
treatment performance goals for TSS. As influent concentrations during testing were between 100-200
mg/L (Table 4-1), the lower one-sided 95% confidence interval around the mean removal efficiency was
calculated for the removal efficiencies and evaluated against the TAPE Basic treatment performance
goal of 280% TSS removal. The lower one-sided 95% confidence interval around the mean removal
efficiency was calculated for results generated during simulated years 1 and 2 as well as for results
generated for years 1-3. Years 1 and 2 represent the performance of the swale before maintenance is
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needed. However, only two data points are available for each location, resulting in the lower one-sided
95% confidence interval around mean removal efficiency being equivalent to the lower of the two
removal efficiencies. The evaluation of removal efficiencies calculated for years 1-3 adds one data point
to each location in the swale and is included for comparison. Both evaluations suggest the swale meets
the Basic treatment performance goal for a 200 foot swale length and for influent concentrations
between 100-200 mg/L, though more data points should be collected to verify the performance of the
swale in the field (see Section 6). Table 4-6 contains the results of the evaluation.

Table 4-6. Final swale treatment performance

Years 1 and 2 Years 1,2, and 3
Lower One-Sided Lower One-Sided
Location in Swale  95% Confidence Treatment 95% Confidence Treatment
Interval of Mean Performance Goal Interval of Mean Performance Goal
Removal Achieved? E N VEL Achieved?
Efficiency’ Efficiency?
25 feet -13.2% No -4.84% No
50 feet 1.00% No 7.83% No
75 feet 15.3% No 20.5% No
100 feet 29.5% No 33.2% No
125 feet 43.8% No 45.8% No
150 feet 58.0% No 58.5% No
175 feet 72.3% No 70.0% No
200 feet 86.5% Yes 81.1% Yes

1 Bootstrapping evaluation includes removal efficiency data only from years before maintenance is required (Years
1and 2 from Table 4-4).

2The TAPE treatment performance goal was met if the lower one-sided 95% confidence interval around the mean
concentration was greater than 80%.

3 Bootstrapping evaluation includes removal efficiency data from all three simulated years (Table 4-4).
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5. Construction, Design, and Operation and Maintenance Considerations

This section describes considerations for construction, design, and operation and maintenance for the
non-vegetated filtration swale, based on findings from testing of the four swale design alternatives and
the final swale design alternative.

5.1 Construction Considerations

As discussed in Section 4.2 and Appendix D, background concentrations of TSS in the four swale design
alternatives likely impacted the performance of the swales. Further, the additional washing performed
for the final swale design alternative (described in Section 4.2) was not a desirable step in construction
of the non-vegetated filtration swale. To address both concerns, the Central Washington Asphalt (CWA)
plant in Benton City, Washington, was visited to discuss potential washing procedures done before rock
is used in a non-vegetated filtration swale. The findings of the visit are summarized below.

e The #200 sieve specification for the gravel backfill for drywells produced at the CWA plant is 0—
1.5%, and what was recently produced was tested and found to be in the ranges of 0.2% to
0.5%. If the #200 sieve specification range were reduced, it would likely be difficult for plants to
produce.

o Ifrockis stored for a period of time (estimated one week or longer) at the facility, the #200
results would likely increase, due to blowing dust or operations at the plant (e.g., if a pile of rock
is downwind of a crusher). The samples collected to test whether rock meets specifications are
taken shortly after production, so they have not quantified how much the fines increase over
time when rock sits at the plant.

e Rock can be washed a second time in a rinse plant for an estimated additional cost of $5-520
per ton, depending on the quantity of rock washed at a time. Larger quantities of rock will result
in a lower additional cost per ton. CWA recommended that rock be washed a second time
shortly before it is picked up, to reduce the fines in the rock from typical plant operations.

Based on the findings, it is recommended that a second wash be requested for the gravel backfill for
drywells and pea gravel included in the non-vegetated filtration swale before pick-up from the supplier,
and that rock be protected during construction from operations that produce large amounts of dust or
fines. Additionally, once the rock is placed in the swale, the swale should be protected until the
surrounding area is stabilized, similar to other BMPs. Additional information is included in Appendix B.

5.2 Design Recommendations

This section describes recommendations for the design of a non-vegetated filtration swale, based on
data collected during the study. The recommendations include minimum swale length, minimum
hydraulic residence time, and appropriate Manning’s n for the swale.

5.2.1 Length of Swale and Hydraulic Residence Time

The minimum recommended length of the non-vegetated filtration swale is 200 feet. The length was
determined based on the water quality performance of the constructed final swale alternative at
different sample locations (as discussed in Section 4). Specifically, the sample location where basic
treatment was met (before maintenance would be required) was determined to be the minimum length
for the swale. Based on the predicted treatment performance using the data from the trendlines, it
appears that the basic treatment performance goal can be achieved at 200 feet as discussed in Section
4.3. This recommendation is included in the design guidance in Appendix B.
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If there is not enough room to construct a 200-foot-long swale at a project site, it is anticipated that the
swale configuration could be modified as long as the recommended hydraulic residence time is met. The
recommended hydraulic residence time is 50-minutes, which is what was measured when the final
swale alternative was tested in the field (summarized in Appendix B) as shown in Table 5-1.
Adjustments made to the final swale design alternative dimensions to accommodate different
configurations are shown in Table 5-2. These configurations provide examples of how dimensions could
be adjusted while meeting the minimum hydraulic residence. Additional testing will be needed to
confirm the performance of the different configurations (see Section 6).

Note: The hydraulic residence time results of the other four swale design alternatives are included in
Appendix D.
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Table 5-1. Final swale alternative hydraulic residence time measurements

Event Time (hh:mm:ss) at Each Location

Start 25 FT 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT
1 0:00:00 0:03:40 0:08:45 0:14:00 0:20:15 0:26:25 0:33:22 0:40:43 0:51:15

2 0:00:00 0:03:53 0:08:27 0:13:51 0:19:42 0:25:38 0:32:24 0:39:32 -
3 0:00:00 0:03:50 0:09:04 0:14:30 0:20:44 0:27:14 0:34:42 0:42:59 0:52:36
4 0:00:00 0:03:36 0:08:26 0:13:45 0:19:37 0:25:41 0:32:26 0:39:34 0:46:41
5 0:00:00 0:03:39 0:08:32 0:13:57 0:19:57 0:26:04 0:33:02 0:40:33 0:48:47
6 0:00:00 0:03:40 0:08:32 0:13:57 0:19:57 0:26:04 0:32:58 0:40:21 0:48:58
Average - 0:03:42 0:08:37 0:14:05 0:20:08 0:26:24 0:33:33 0:41:14 0:50:10

Table 5-2. Alternative swale configurations for final swale alternative

Configuration? Swale Bottom Width Approximate Swale Length (ft)?
1 2 200
2 5 141.5
3 10 95.5
4 15 74
5 20 61.5

! The configurations represent a design with a 1% slope.
2 The swale lengths associated with each swale bottom width maintain a hydraulic residence time of 50 minutes through the swale.
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5.2.2  Manning’s n Verification

Residence time measurements collected in the field and resulting velocity calculations were used to
verify the Manning’s n for the treatment rock layer in the final swale alternative. Manning’s n was
estimated at the start of the project to include in draft design guidance for the non-vegetated swale
(Appendix A of study QAPP), to represent flow through the treatment rock layer and to calculate
dimensions of a swale using Manning’s equation. The Manning’s n used in the draft design guidance
(0.4) was based on the values found in the design guidance for the Biofiltration Swale design guidance in
the SWMMEW and SWMMWW as well as TAC input. The Manning’s n was updated to represent flow
through the treatment rock layer and over the pea gravel layer. The updated Manning’s n values are
expected to accurately calculate swale dimensions that could handle water quality design flow rates for
the final swale alternative.

Treatment Rock Layer Manning’s n

To calculate the Manning’s n for the treatment rock layer, the average velocity of flow in the treatment
rock was calculated from the length of the swale divided by the average time (from 6 events) for flow to
travel through the swale. Table 7-1 contains the average time for water to travel through the swale
(hydraulic residence time = 50 minutes). Manning’s equation was rearranged to solve for n using the
swale dimensions and average velocity. The full calculation is included in Appendix D, and the updated
Manning’s n was calculated as 0.77. The design guidance, found in Appendix B, contains instructions on
how to use the updated manning’s n to size a swale.

As the Manning’s n for flow through the treatment rock layer is higher than what was originally included
in the draft design guidance, and because the roughness represents flow through rock, which is not a
typical application of the Manning’s equation, literature was reviewed to understand how the calculated
Manning’s compared with other similar n values and if this method is appropriate for sizing the non-
vegetated filtration swale. A visual reference guide (Yochum, Comiti, Wohl, David, & Mao, 2014) of
Manning’s n for streams under low flow conditions was reviewed to compare the findings of the
Manning’s n verification to similar roughness conditions (stream flow through rock and other
obstructions) and to understand whether the 0.77 Manning’s n value was reasonable. Figure 5-1
includes images of streams from the guide with similar or higher Manning’s n values than the non-
vegetated filtration swale. Because similar or higher Manning’s n values were observed in the guidance,
the magnitude of the Manning’s n calculated for the swale was assumed to be reasonable.

Manning’s n=0.74

=R : 3 G "l .' ; ..'_, - :
~.h ‘. -.' r . .-":'-'-!-ﬁ' : B *%&:'4 :

Figure 5-1. Low flow stream channel Manning’s n Values (Yochum, Comiti, Wohl, David, & Mao, 2014)
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A report (Mulqueen, 2005) studying the flow through gravels was also reviewed, and it indicated “that
coarser aggregates exhibit flow characteristics similar to rough-walled pipes.” Coarse aggregates in the
study included aggregate falling under No. 4, or a size range of 9.5 to 25.4mm (0.37 to 1 inch), which is
roughly the same size as the gravel backfill for drywells used in the final swale design alternative. As
Manning’s n can be used to describe rough-walled pipes, it was assumed that the use of Manning’s n to
describe flow through the gravel in the non-vegetated filtration swale would be appropriate.

Pea Gravel Layer Manning’s n

In addition to Manning’s n to represent flow through the treatment rock layer, Manning’s n to represent
flow over the pea gravel was also determined. The Manning’s n representing flow over the pea gravel
was needed to calculate the width of the swale at the base of the gravel backfill for drywells and is
included in the design guidance in Appendix B. The n value was determined by solving for n in
Manning’s Equation using the dimensions of the test swale and other variables measured during testing.
The resulting Manning’s n value is 0.58.

5.3 Operation and Maintenance Considerations

Operation and maintenance of an installed non-vegetated filtration swale is based on the water quality
treatment performance of the swale as discussed in Section 4. The results of the analysis indicate that
maintenance to restore the treatment performance would be needed for the 200-foot-long swale every
two to three years. The frequency of maintenance may be extended for longer swales, or with inclusion
of a catch basin at the upstream end of the swale (to collect sediment before it enters the swale). At the
time of this final report, insufficient data is available to estimate the change in frequency for longer
swale lengths and the addition of a catch basin upstream. Additionally, the actions and scale of the
actions needed to restore the swale treatment performance, which could include flushing the swale to
remove TSS and the quantity of water needed to flush the swale, are unknown. The focus of the study
was to understand the treatment performance and estimate the maintenance cycle of the non-
vegetated filtration swale. The effectiveness of specific maintenance actions in restoring treatment
performance was not evaluated during the study. These unknowns are discussed further in Section 6.
This operation and maintenance information as well as other actions are summarized in the design
guidance in Appendix B.

Routine maintenance practices, such as sediment removal (in inlets), trash pickup, and weed control,
would need to be performed more frequently depending on location. The following practices are
recommended for the non-vegetated filtration swale:

e (Clean curb cuts when soil and/or any vegetation buildup interferes with flow into the swale.
e Remove litter to keep the non-vegetated filtration swale free of external pollution.
e Perform weed control practices to limit vegetation growth in the swale (see Section 6).

e Inspect swale for damage or deposition of sediment or debris after periods of heavy runoff.
Remove sediment or debris and make any necessary repairs.

Given the construction and operation and maintenance considerations for the non-vegetated filtration
swale, a life cycle cost comparison was developed comparing the non-vegetated filtration swale and
biofiltration swale from the SWMMEW. While maintenance costs were not able to be compared as
maintenance actions to restore treatment of the non-vegetated filtration swale were not determined,
the construction costs indicated that a biofiltration swale may be more costly than a non-vegetated
filtration swale to install, especially if an irrigation system is needed to establish grass. The results of the
cost comparison are found in Appendix G.
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6.

Future Action Recommendations

Based upon the results, the following topics should be studied further to better understand the
performance and maintenance requirements of the non-vegetated filtration swale:

Based on the treatment performance described in Section 4, the non-vegetated filtration swale
is recommended for conditional use level approval, in order to better understand the treatment
performance in field installations, as well as gather data for the research gaps described in the
subsequent bullets.

Per Section 5, the maintenance actions to restore treatment performance at the end of the
maintenance cycle require additional study. In particular, research into which actions most
effectively restore treatment performance as well as consume the least time and resources is
needed.

As the final swale alternative was installed for a few weeks during the dry season in West
Richland, no vegetation or weeds grew in the footprint of the swale. More long-term
installations, or installations in locations that receive more rainfall, should be observed for
establishment of weeds, and maintenance actions to limit or remove vegetation growth should
be evaluated.

As controlled tests were performed and the final swale alternative was installed for a short
period (see previous bullet), the frequency for minor maintenance actions, such as removal of
sediment or debris in inlets, was not evaluated. More long-term installations should be
observed to understand how quickly deposition of sediment and debris occurs, and how
frequently maintenance is needed.

While not previously mentioned in this report, it is unknown what impact a catch basin or
forebay located at the upstream end of the swale would have on the treatment performance
and maintenance frequency required for the non-vegetated filtration swale. It is hypothesized
that the use of a catch basin or forebay at the upstream end of a non-vegetated filtration swale
may improve the performance and lengthen the maintenance cycle for the BMP by allowing
sediment to settle out before stormwater flows through the swale.

It is hypothesized that alternative configurations for the swale (increased bottom width to
reduce length) would provide sufficient treatment if the minimum hydraulic residence time is
met. However, it is unknown whether the treatment performance achieved is due to gravity
separation, which correlates to residence time, or filtration through the rock, which would
depend on the swale length. As such, additional testing is needed to confirm that alternative
configurations would provide Basic treatment.

As discussed previously, the samples collected during the study were grab samples collected
shortly after flow reached each sample location. As such, they reflect first flush conditions of the
swale system, and the concentrations in the swale, as reported in Section 4, are anticipated to
be higher than if a composite sample were collected (which are typically used to evaluate BMP
treatment performance). Additional study would be necessary to understand the treatment
performance of the non-vegetated swale during natural storm events.

Additional testing using actual storm events is recommended to better understand the swale
treatment performance. Moreover, while trendlines predicted 200 feet is sufficient, it is
recommended that future test swales use a 250 feet length in case additional length is needed
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to consistently achieve 80% TSS reduction. The additional length may also extend the
maintenance cycle of the swale.
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7. Conclusions

The purpose of this study was to evaluate the effectiveness of a non-vegetated filtration swale BMP.
Effectiveness is based upon whether the BMP can provide basic treatment (80% reduction of TSS) in
accordance with Ecology treatment performance goals (Ecology, 2011). The purpose of this study was
achieved by meeting the objectives outlined in the QAPP, the results of which are summarized in the
following paragraphs.

Objective #1: Define the draft BMP design and maintenance guidance and refine the BMP design and
maintenance guidance using data collected during the study.

The draft BMP design guidance was developed for the study QAPP which was created using the
biofiltration swale guidance defined in SWMMEW and edited based on a review of literature for
conditions expected with a rock lined swale. Data collected in the field from this study was used to
refine the draft BMP design and maintenance guidance. The updated guidance is included in Appendix
B.

Objective #2: Determine the TSS pollutant removal efficiency of the BMP by measuring and comparing
pollutant concentrations in the synthetic influent to eight sample locations in each test swale.

Water quality (TSS) samples were measured at the influent and eight sample locations in the swale. The
samples collected are grab sample results, which represent the first flush concentrations through the
swale. As such, they are expected to be higher than an event mean concentration, which is typically
used to evaluate the treatment performance of BMPs. The following paragraphs describe the results of
the water quality data analysis.

The initial sample results indicate that 84.5—-87.8% removal of TSS is achieved for the first simulated year
for a 200-foot-long swale. However, percent removal decreases for Events 3 and 5 (27.8% and 49.9%,
respectively), and slightly decreases for Events 4 and 6 (70.5% and 72.8%, respectively). Events 3 and 4
represented the second simulated year, and Events 5 and 6 represented the third simulated year.

During testing, the installation of weirs at the downstream end of the swale likely caused the decrease
in percent removal for Events 3—6. The weirs were installed because erosion was observed at the end of
the swale. The erosion was due to a grade break that was part of the experimental design; it was only
present for the final swale alternative as the impermeable liner included in the four alternative designs
protected the existing ground. The weirs were installed before Events 3 and 5 and were intended to
prevent the erosion from impacting sample collection. To understand how the swale would have
behaved if the weirs were not installed, trendlines were developed to fit the initial sample results.

A trendline was developed for each simulated year during testing, which is anticipated to describe how
the swale would perform in a field installation as TSS accumulates in the swale cross-section without
some of the issues that occurred during testing. The resulting concentrations are shown in Table 4-3.
Using the predicted concentrations, the calculated percent removal for the swale meets treatment
performance goals for the first two years and would require maintenance to restore treatment
performance sometime between the second and third year.
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Objective #3: Determine the design flow rate and velocity for which the BMP provides treatment by
measuring flow depth at the upstream and downstream end of each swale as well as the travel time
through the swale and then calculating velocity and flow rate.

The hydraulic residence time measured in the field was 50 minutes, from which a design velocity of 0.07
ft/sec was calculated. The hydraulic residence time for the swale was measured by timing the flow of
water as it travelled to each sample location. The velocity was then calculated by dividing the length of
the swale by the hydraulic residence time. The calculations are discussed in Section 5.2 and Appendix E.

Objective #4: Determine whether the treatment performance goals were achieved by comparing study
results to TAPE treatment criteria and requirements.

The percent removal results in Table 4-4 were compared to the TAPE treatment performance goals for
TSS using the bootstrap statistical analysis using the trendline data to predict the treatment
performance without the issues observed in the field. Years 1 and 2 represent the performance of the
swale before maintenance is needed. However, only two data points were available, resulting in the
lower one-sided 95% confidence interval around mean removal efficiency being equivalent to the lower
of the two removal efficiencies. The evaluation of removal efficiencies calculated for years 1-3 added
one data point and indicated the swale would meet the TAPE treatment performance goal for all three
simulated years.

7.1 Recommendations

Based upon the results, the following topics should be studied further to better understand the
performance and maintenance requirements of the non-vegetated filtration swale:

e Based on the treatment performance of the non-vegetated filtration swale, the BMP is
recommended for conditional use level approval.

e Additional study is needed to understand what maintenance actions will most effectively restore
treatment performance at the end of the maintenance cycle.

e Any long-term installations of the swale should be observed for establishment of weeds, and
maintenance actions to limit or remove vegetation growth should be evaluated.

e Any long-term installations should be observed to understand how quickly deposition of
sediment and debris occurs, and how frequently maintenance is needed.

e Additional study is needed to understand what impact a catch basin or forebay would have on
the treatment performance and maintenance frequency required for the swale.

e Assamples collected during the study reflect first flush conditions in the swale, additional study
would be necessary to understand the treatment performance of the non-vegetation swale for
the duration of an entire storm event.

e Additional testing using actual storm events is recommended to better understand the swale
treatment performance.
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9. Appendices
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Appendix A — Ecology and TAC Comments
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Comment # Commenter Initials TAC or ECY Page listed (actual) Section Comment Text Response
1 CG TAC ii (3) Acknowledgements summer of 2022? Revised year to 2022.
2 AFW TAC ii (3) Acknowledgements smoke from summer PNW forest fires Added text regarding smoke from forest fires during testing.
3 AFW TAC i (3) Acknowledgements Summer 2022 Revised year to 2022.
4 AFW TAC i (3) Document History should this state at the City of West Richland weblink on the Replaced "the link on the previous page" with the weblink.
previous page?
5 A) ECY iii (4) Signature Page Update Revised City of Walla Walla Contact.
6 Al ECY iii (4) Signature Page No signature from Brandi in TER, check with Doug Howie on Removed Brandi; added Mark Melton as a Reviewing Engineer.
any additional signatures from TAPE review
7 AFW TAC iv (5) Distribution List Is this the new Walla Walla contract Yes, Steve Kelley is the new contact for City of Walla Walla.
8 AFW TAC 3(8) 2 Something does not read right in this sentence. Revised to improve sentence structure.
9 AFW TAC 3(8) 2 Should it also be mentioned that there were 5 1-year loading | The five years of TSS loading are described in the following paragraph;
events? will leave in that paragraph to avoid repetition.
10 AFW TAC 3(8) 2 then Kept original text for readability.
11 AFW TAC 3(8) 2 The 5th swale was loaded slightly different than the first 4 Added to sentence to indicate the number of simulated years was
swales. three instead of five.
12 AFW TAC 3(8) 2 Should there be a table that shows the rock layers that were Typically the executive summary does not include tables or other
tested in the executive summary? graphics.
13 AFW TAC 4(9) 2 | think there should be a brief statement on why the Added text explaining why weir installations impacted results.
installation of the weir impacted the results.
14 AFW TAC 4(9) 2 which was installed to.. Revised sentence and add suggested text.
15 Al ECY 5(10) 3.1 SWMMEW or WWA? The intent was to develop guidance that co_uld be used on both sides
of the state. Added text to clarify.
16 AFW TAC 5(10) 3.1 what is being referred to as "existing"? Existing was meant to refer to the biofiltration swale design in the
manuals. Added text to clarify.
17 Al ECY 8(13) 3.4 washed pea gravel Revised to match sug_gested text.
18 AFW TAC 8(13) 3.4 This does not seem to be read right or correct. Revised to clarify when and how many batches were delivered to the
swale.
19 AJ ECY 12(17) 4.2.2 pre-measured/weighed? Added "pre-measured" to text.
20 AFW TAC 13(18) 4.2.2 What is "ADD" This is a placeholder to add photo credits to each image. These have
been replaced throughout the document.
21 AFW TAC 16(21) 5.1 There were this many missing time readings? Yes. The original plan to measure velocity did not include measuring
time for flow to reach each sample port. This was revised during the
first sample event, which is why the first 7 points are missing.
Occasionally, something would come up during testing which would
result in missing a time measurement (i.e., erosion at the downstream
end of the swale). This is why the remaining three data points were
missed.
22 AJ ECY 22(27) 6.3 This sentence is confusing. Please reword Revised sentence to clarify meaning.
23 Al ECY 22(27) 6.3 I'm trying to figure out what you do with these values beyond| In talking with the lab, they recommended that the duplicate results
using them in your ranges in the tables. Are they represented be used as error bars to understand the potential range of each
in figures 62 and 63? What does your QAPP say to do with | concentration. Because the ranges of concentrations did not change
them? whether each sample event did/did not reach the targeted 80%
removal, and because trendlines were developed in place of using the
original water quality to udnerstand swale performance, the ranges in
the tables were only reported in Table 6.2. The QAPP does not clarify
what to do with values above the +5%
24 Al ECY 25(30) 6.3 why aren't you showing a range here? Will add a range of values to final row of the table.
25 AJ ECY 29(34) 6.3 incomplete statement? Removed unnecessary incomplete statement.
26 AFW TAC 33 (38) 6.3 no label on y axis? Will add label to y-axis.




Comment # Commenter Initials TAC or ECY Page listed (actual) Section Comment Text Response
27 AFW TAC 42(47) 7.3 Shouldn't this be filtration swale and not biofiltration swale? Yes, will revise to non-vegetated filtration swale.
28 Al ECY 44 (49) 9 This is for 200 feet of swale length, please specify. Added text to clarify that the results achieved were for a 200-foot-
long swale.
29 AFW TAC 44 (49) 9 observed when no liner was in place. | think this helps explain| Added text to clarify that the liner was not in place and that erosion
why we observed erosion during this testing compared to was only observed during the final swale alternative.
previous test.
30 JEB TAC 42 (47) 7.3 reference appendix F, not G Revised to reference Appendix G.
31 JEB TAC Appendix G, pg 1 cost per ton includes extra washing of rock? Will revise cost of rock to include average extra cost ($12.5 per ton) to
wash rock.
32 AFW TAC Appendix G, pg 1 Appendix G Many of these systems will need to be fed water from city Added footnote indicating additional costs associated with irrigation
domestic water. There is a cost associated with the system.
installation of a water meter and connection frees that have
to be paid that is not represented in this. For example, if there
was a water main right at the site, our cost to install a full 1"
service and meter would be $2370 (and this would not include
any costs that might be associated with repairing any asphalt
if by chance the install required this). There would also be a
Water System Development Fee of $6089 just to connect to
the City water for a total minimum cost of $8459. This service
would also require a double check valve assembly to be
installed and tested annually at a cost.
33 AFW TAC Appendix G, pg 1 Appendix G | don't have a good bid to compare the price for this but just Revised cost after expanding Unit Bid Analysis search.
looking at the total to supply and install sod, it seems low.
34 AFW TAC Appendix G, pg 1 Appendix G May want to add a note that this assumes battery operated Included in footnote that power would be an additional cost
timer or assumes power is readily available for the controller. associated with irrigation system.
If a power service is needed to just power a timer, that could
add another $5k just to get a power service.
35 AFW TAC Appendix G, pg 1 Appendix G Does this included the added cost for the extra washing of the| Will revise cost of rock to include average extra cost ($12.5 per ton) to
rock? wash rock.
36 AFW TAC Appendix G, pg 1 Appendix G Does this include the added cost for the extra washing of the | Will revise cost of rock to include average extra cost ($12.5 per ton) to
rock? wash rock.
37 AFW TAC Appendix G, pg 1 Appendix G If you are comparing maintenance costs related to costs, the |Because the cost of maintenance for the non-vegetated swale was not
water use has an associated cost. able to be estimated, the costs were left out for the vegetated
filtration swale. Will add a footnote to Table G.2 to indicate there is
an additional cost related to water usage.
38 AFW TAC Appendix G, pg 2 Appendix G Could also be linked to overwatering and excessive soil Added text to check for overwatering or soil saturation in the swale.
saturation of the bio swale.
39 AFW TAC Appendix G, pg 2 Appendix G | agree with Mark. This would probably be due to the swale | Added text to maintenance action items for the non-vegetated swale.
being too flat, failing infiltration of the swale bottom, or
failure and/or blockage of the outfall infrastructure if there
was one
40 AFW TAC Appendix B, pg 1 Appendix B Is this statement correct? The length is based on the design Added reference to design procedure for alternative configurations

width and obtaining a 50-min residence time. Should 200' be

stated here?

(widening the swale to reduce the length).




Comment # Commenter Initials TAC or ECY Page listed (actual) Section Comment Text Response
41 AFW TAC Appendix B, pg 1 Appendix B What is the purpose of this? This is a device included in the manuals to spread flow across the
swale when the bottom width is greater than 10ft. Added reference to
distribution header to this bullet; a distribution header would need to
be designed in future versions of the swale.
42 AFW TAC Appendix B, pg 3 Appendix B "Install a" Will add sug_gested text.
43 AFW TAC Appendix B, pg 3 Appendix B "provide" Will revise to sug_gested text.
44 MPN TAC Appendix B, pg 4 Appendix B Add who's Standard Spec. looks like WSDOT This is the title of the specifications. Will add WSDOT before the title.
45 MPN TAC Appendix B, pg 5 Appendix B add units for porosity (%) Added (%) as unit for porosity
46 MPN TAC Appendix B, pg 6 Appendix B revise line spacing and tabs in calculation steps 5, 6, and 7. Revised spacing to be consistent.
47 AFW TAC Appendix B, pg 8 Appendix B Care should be taken when gathering, transporting and Will add suggested text to bullet.
placement of rock to avoid contamination of the treatment
rock.
48 MPN TAC Appendix B, pg 8 Appendix B Possible technique: Flushing with clear potable water should Left description of flushing less specific according to following
be continued until the outflow reaches a turbidity of less than| comment. Added detail regarding what would be flushed through the
XXX NTUs. Turbid wash water should be collected and swale.
decanted or otherwise kept from surface water or
groundwater facilities.
49 MPN TAC Appendix B, pg 8 Appendix B The last comment "flushing" may be too specific without Left description of flushing less specific according to comment. Added
testing. You may disregard it. detail regarding what would be flushed through the swale.
50 AFW TAC Paraphrased from TAC Appendix B Add option to install distribution header at inlet instead of Added option to install distribution header at inlet instead of swale
Meeting swale divider if bottom width >10 feet divider.
51 AFW TAC Paraphrased from TAC 7.2.1 Add a note somewhere that the configurations shown in table Added a note below Table 7-2 that describes the configurations
Meeting 7-2 represent a design with 1% slope. represent a design with a 1% slope.
52 AFW TAC Paraphrased from TAC Appendix G Include with biofiltration swale estimate the additional cost Added footnotes to cost estimate table reflecting water meter,
Meeting for water meter and connection fee associated with domestic connection fee, and cost to provide power.
water and cost associated with access to power.
53 MM/HL ECY (13) 3.4 It was not clear to us from the description if the initial 25-year| Added note clarifying that 25-year flow was comprised of potable
flow is intended to be clean water or synthetic stormwater. water and did not include SilCoSil.
54 MM/HL ECY (24) 6.1 In figure 6-1 the plan view shows swales A and B, however the Separated Figure 6-1 into two separate figures to help clarify.
profile is only for Swale A. The way the profile is lined up with Removed note in the plan view for Swale B to reduce confusion.
the plan view it makes it appear as if the profile is supposed
to represent the entire plan view. Additionally there is a note
in the plan view for Swale B which says see profile below for
elevations which adds further confusion. Consider revising to
add some clarity.
55 MM/HL ECY (29-30) 6.3 For Tables 6-1 and 6-2 consider adding a footnote or modify | Added footnote at end of Tables 6-1 and 6-2 to clarify that an annual
the table in a way that identifies that an annual loading of TSS|loading of TSS was added following Event #2 (end of Year 1) and Event
was added at the end of years 1 and 2. #4 (end of Year 2).
56 MM/HL ECY (29-30) 6.3 With the uncertainty added to events #3 and #5 for sample Added row to table displaying original water quality concentrations

location #8 it seems like an additional row should be added to
the tables that includes % removal from influent to 175 feet.

(for final swale) indicating the percent removal from the influent to
175 feet.




Comment # Commenter Initials TAC or ECY Page listed (actual) Section Comment Text Response
57 MM/HL ECY (45) 7.2.1 How can we be sure sediment removal efficiency is due to the|  This would require further testing. Added a note where different
gravity separation which correlates to residence time and not configurations are mentioned that indicates additional testing is
the filtration through the amount of rock which would needed to confirm the performance of the different configurations.
depend on the swale length? Would a very wide and short
swale need its own testing?
58 MM/HL ECY N/A N/A Within the TER can you describe how the 1000 gallon This is described in the study QAPP.
simulated storm volume and TSS concentrations were decided
upon.
59 MM/HL ECY N/A N/A The QAPP description of the simulated design storm indicated| This procedure was changed after discussions with the participating
that an annual load of TSS would be added at the end of each| entities and Ecology. The procedure was changed as initial testing of
design storm however the final evaluation only included gravel backfill for drywells indicated the rock would potentially
annual TSS loading at the end of years 1 and 2. What led to require maintenance to restore testing sometime in year 2-3.
the change from the procedure in the QAPP? Additionally, there was a desire to collect more data during the time
the gravel backfill for drywells would be meeting treatment
performance, to have more data points to use in data analyses. This
has been added in Appendix C.5 Deviations from QAPP.
60 MM/HL ECY N/A N/A Can you please better describe in the TER how the annual TSS This is described in the study QAPP.
load was applied.
61 MM/HL ECY N/A 7.2.2, Appendix B We believe we found a discrepancy between the design There are two separate Manning’s n. The Manning’s n of 0.58 is for

procedure in the design guidance document and the TER. The
design procedure specifies using a Manning’s of 0.58 for the
flow above the pea gravel. In the TER it says that 0.58 should
be used for flow through the pea gravel and additionally
specifies that the Manning’s through the treatment layer

should be 0.77. Please revise as necessary.

flow above the pea gravel. The Manning's n of 0.77 is for flow through
the treatment layer. Revised language in TER to make consistent with
the design guidance.
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Appendix B — Non-Vegetated Filtration Swale BMP Design Guidance

This document was developed by editing the SWMMEW BMP T5.40: Biofiltration Swale Design Guidance
based on the results from the study described in this document.

A non-vegetated filtration swale is a sloped, rock-lined swale that provides both conveyance and runoff
treatment for stormwater runoff. This BMP is similar to a biofiltration swale except treatment occurs as
runoff flows through a layer of rock in the swale instead of grass. The use of rock instead of grass
eliminates the need for irrigation during dry periods. The swale bottom width and rock depth are sized
to provide Basic (TSS) treatment during the water quality design storm (See Chapter 4 of the SWMMEW,
Hydrologic Analysis and Design). It does not provide flow control but can convey runoff to Best
Management Practices (BMPs) designed for that purpose.
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Figure B 9-1: Non-vegetated filtration swale cross section
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Figure B 9-1 shows a typical cross-section of a non-vegetated filtration swale. The swale bottom width
(W) is measured at the bottom of the pea gravel layer, below the treatment layer depth, where the rock
meets the existing ground. The treatment layer depth provides removal of sediment and TSS through
filtration as runoff flows through the treatment layer and sedimentation, as the rock reduces the runoff
velocities and sediment settles in the rock layer. The treatment layer depth is designed to contain the
depth of the runoff from water quality flow rate. As such, higher flow rates would be partially conveyed
above the surface of the treatment layer.

9.1.1 General Criteria

This section provides design considerations and limits for the non-vegetated filtration swale. Specific
criteria and steps to size a non-vegetated filtration swale can be found in Section 9.1.3, Design
Procedure.
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e The swale length is determined using a 50-minute hydraulic residence time through the swale
with a minimum length of 200 feet. If a 200-foot length is not available, alternative
configurations are described in Step 9 of the Design Procedure. These configurations require
additional testing to confirm the performance is not impacted by changes in swale length.

e Calculate the bottom width using Design Criteria. The minimum allowed bottom width of the
swale is 2 feet. If the bottom width of the swale is 10 feet or more, either a swale divider (as
shown in Figure V-7.2 in the SWMMWW) or a distribution header is required.

e The channel slope shall be greater than or equal to 1% and less than or equal to 5%.

e Size the swale as a runoff treatment BMP using the methods in Chapter 4 of the SWMMEW,
Hydrologic Analysis and Design, and as a conveyance BMP to pass the peak hydraulic flows of
the 25-year storm if it is located “online.”

e The cross section of the swale shall be a trapezoid with side slopes no steeper than 3:1.

e If the swale has a continuous inflow, begin the minimum swale length from the last input, while
maintaining the 50-minute hydraulic residence time.

e [f runoff enters the swale through one location, a forebay or pre-settling chamber is
recommended upstream or at the inlet of the swale to reduce gross solids from entering the
swale and reduce swale maintenance. Depending on how the flow enters the swale, the forebay
or pre-settling chamber can also be replaced with a standard catch basin inlet at the upstream
end of the swale. Examples of forebays are shown in Figure B 9-2 and Figure B 9-3 and are
defined in the Glossary of the SWMMWW and SWMMEW.

Figure B 9-2: Curb extension with concrete forebay (City of Portland, n.d.)
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3 :. . r 2 - h x '. ‘
Swale (Sustainable Technologies Evaluation Program, 2020)

e If flow is to be introduced through curb cuts, curb cuts should be > 12 inches wide to prevent
clogging.

e The non-vegetated filtration swale should not receive runoff until areas of exposed soil in the
contributing drainage catchment have been sufficiently stabilized. If runoff is not able to be re-
directed, pre-settling of sediments should be provided. (See BMP C240E: Sediment Trap and
BMP C241E: Sediment Pond [Temporary]). Such filtration BMPs should be evaluated for the
need to remove sediments, with the understanding that restoration of the treatment rock layer
may still be necessary following construction. The maintenance of pre-settling basins or sumps is
critical to their effectiveness as pretreatment devices. (See Element 13 Protect Low Impact
Development BMPs of the Stormwater Pollution Prevention Plan.)

e Where runoff diversion is not possible during construction, and runoff is directed to the swale,
cover the rock with BMP C123/C123E Plastic Covering (SWMMWW and SWMMEW) or similar
covering, and protect exposed soils with suitable erosion control measures.

e Prior to and following installation, stockpiled rock should be protected from dust using BMP
C123/C123E Plastic Covering (SWMMWW and SWMMEW) or similar covering.
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9.1.2 Rock Sizing Criteria

e |Install a 3-inch layer of pea gravel along the bottom of the swale to allow for infiltration into the
existing ground and limit the intrusion of existing soils from the ground into the gravel backfill
for drywells. The pea gravel shall meet the gradation in Table B 9-1.

e Install a 7.5-inch layer of gravel backfill for drywells above the pea gravel to provide treatment
of TSS. Cover the side slopes of the swale with the gravel backfill for drywells (see Figure B 9-1).
Gravel backfill for drywells shall meet the gradation in Table B 9-1.

e |[f additional stabilization is needed above the gravel backfill for drywells, a 2-inch or larger
coarse gravel should be used to limit rock movement during flows between the water quality
event and the 25-year flow. The coarse gravel should be placed at a depth of 2.5 inches above
the treatment rock in swales with a 2.5% to 5% longitudinal slope.

e The contractor must obtain a grain size analysis from the supplier to certify that the highest
sieve size and the No. 200 sieve requirements are met for each gravel used.

e Request that each gravel be washed at the supplier, less than one week prior to pick up. This
reduces the possibility of fines accumulating in the rock at the plant. Additional discussion on
the washing of the gravel is included in Section 9.1.4, Construction Criteria.

Table B 9-1: Rock gradations for swale alternatives

Sieve Size = Sieve Size (mm) s Pea
for Drywells?! Gravel?
1%” 37.5 99-100
11/4" 31.5
1” 25 50-100
%" 19 0-20
5/8" 16
»%" 12.5 99-100
3/8” 9.5 0-2 85-100
#4 4.75 10-30
#8 2.36 0-10
#16 1.18 0-5

1 Matches WSDOT Standard Specifications for Road, Bridge, and Municipal Construction 9-03.12(5).
2 Matches AASHTO #8.
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9.1.3 Design Procedure

The stepwise procedure for designing non-vegetated filtration swales for runoff treatment includes the
following:

1. Determine the water quality design flow rate to the swale. (See Chapter 4 of the SWMMEW,
Hydrologic Analysis and Design.)

2. Determine the slope of the swale.

Use a trapezoidal shape for the swale, with side slopes of 3:1.

4. Use Manning’s Equation to estimate the width of the swale at the base of the gravel backfill for
drywells layer. Use y=0.25 ft for the equivalent depth of flow in the treatment rock layer'.
Manning’s Equation for English units is as follows:

w

Equation 5.1: Manning’s Equation

Q = (1.486 * A * R%%%7 x 505y /n
where:
Q = flow (cfs)
A = cross-sectional area of flow (square feet [sf])
R = hydraulic radius of flow cross section (feet [ft])
S = longitudinal slope of swale (feet per foot [ft/ft])
n = Manning’s roughness coefficient

Use n = 0.58 for the water quality design flow rate to represent flow above the pea gravel layer.

For a trapezoid, Equation 5.1: Manning's Equation cannot be directly solved for width of the
swale. However, for trapezoidal channels that are flowing very shallow, size the hydraulic radius
to be equal to the depth of flow. Using this assumption, the typical Manning’s Equation,
Equation 5.1, was altered to Equation 5.2 to solve for the width at the base of the gravel backfill
for drywells layer.

Equation 5.2: Swale Bottom Width

(25| * @
B=%—(z*ﬁ

where:
B = bottom width of the swale (ft)
Q = flow (cfs)

! The depth of gravel backfill for drywells was sized to contain a maximum effective flow depth of 3 inches. The
effective depth is the flow depth if it were unobstructed by the treatment rock layer and is based on the porosity
of the treatment rock layer. If measured in the treatment rock layer, the flow depth would exceed 3 inches as flow
travels through the pore spaces in the rock.

April 2023 Page | 54



Final TER Non-Vegetated Filtration Swale Stormwater Effectiveness Study

y = equivalent depth of flow in the treatment rock layer? (ft); the maximum allowed
depth is 3 inches

S = longitudinal slope of swale (ft/ft)

Z = the side slope of the swale in the form of z:1 (use a side slope of 3:1)

If the width calculated is less than 2.6 feet, assume a bottom width (at the base of the gravel
backfill for drywells layer) of 2.6 feet.

5. Using the side slope of 3:1 and a pea gravel depth of 3 inches, calculate the bottom width of the
swale below the pea gravel. The minimum width below the pea gravel shall be at least 2 feet.

Use the porosity of the treatment rock layer to determine the depth of the treatment layer
needed. Divide y from Equation 5.2 by the porosity of the treatment layer rock. Use 40%

porosity.
Equation 5.3: Treatment Rock Layer Depth
y
D ==
1)
where:

D = depth of treatment rock layer (inches)
y = equivalent depth of flow in the treatment rock layer (ft) used in Equation 5.2
@ = porosity of the treatment rock layer (%)

6. Calculate the velocity of flow in the channel. Use Equation 5.1 with a Manning’s n of 0.77 to
determine the velocity at the water quality flow rate through the treatment rock layer. If the
average velocity is > 0.066 ft/sec when using this water quality design flow rate, the swale will
not function correctly. Increase the bottom width and recalculate the velocity.

7. Use the average velocity found in step 6 to calculate the length of the swale using a hydraulic
residence time of 50-minutes (3000 seconds).

Equation 5.5: Treatment Rock Layer Depth

L=Vyg*T
where:
T = 50-minute (3000 second) hydraulic residence time
Vavg = Average velocity (Step 6)
L = Length of swale

2 The depth of gravel backfill for drywells was sized to contain a maximum effective flow depth of 3 inches. The
effective depth is the flow depth if it were unobstructed by the treatment rock layer and is based on the porosity
of the treatment rock layer. If measured in the treatment rock layer, the flow depth would exceed 3 inches as flow
travels through the pore spaces in the rock.
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8.

10.

Select a location where a filtration swale with the calculated bottom width and length will fit. If
the calculated length is not possible, consider the following solutions:

e Divide the site drainage to flow to multiple non-vegetated filtration swales.

e Use infiltration or dispersion upstream of the bioswale to provide lower flow into the
swale.

e Reduce the developed surface area to gain space for the swale.

e Increase the bottom width to decrease the length of the swale, while maintaining the
50-minute hydraulic residence time. This option requires additional testing to confirm
the performance is not impacted by changes in swale length.

e Reduce the longitudinal slope by meandering the biofiltration swale.

o Nest the biofiltration swale within or around another stormwater BMP.

Determine the total depth of channel, to include freeboard above the depth of flow during the
25-year 24-hour storm. Using Manning’s equation and the swale dimensions determined by
previous steps, iteratively solve for the depth of flow using the composite Manning’s n for the
25-year flow (n=0.25). The calculated depth will be an effective depth, so the depth of flow over
the top of the swale during the 25-year event is equal to the difference between the calculated
25-year flow depth and 0.25 feet (water quality design flow depth). The swale must be able to
convey the 25-year flow rate without overtopping.

Check the maximum velocity during the 25-year event in the total depth of the channel to
ensure the velocity above the treatment layer does not cause movement of rock. The maximum
velocity must be less than 1.8 ft/sec for longitudinal slopes of 1%—2.5% and less than 2.5 ft/sec
for longitudinal slopes of 2.5%—5%. This step is skipped if all storms larger than the short-
duration water quality storm bypass the filtration swale.

Table B 9-2 summarizes the methods and assumptions for the above steps for sizing non-vegetated
filtration swales.
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Table B 9-2: Sizing methods and assumptions for non-vegetated filtration swales

Variable

Methods and Assumptions

1 Water Quality Design Flow
Rate (Q)

See Chapter 4 — Hydrologic Analysis and Design of the
SWMMEW or Volume IlI-2 of the SWMMWW for methods
for computing design storms.

2 Bottom Slope (S)

Minimum = 1%
Maximum = 5%

3 Shape of Swale

Trapezoidal

4 Manning’s n

e Use a Manning’s n of 0.58 to represent flow over the pea
gravel layer during the water quality design storm.

e Use a Manning’s n of 0.77 to represent flow through the
treatment rock layer during the water quality design
storm.

e The Manning’s n for the 25-year flow is 0.25. This value is
an estimate based on field data, and as such requires
further verification.

4,5 Flow Depth (y)

Default/Maximum of 3 inches of effective depth. This depth
is contained in the depth of rock based on porosity
estimates of the gradations proposed.

45,7 Bottom Width (B)

e Use Manning’s Equation (Equation 5.2 Manning’s
Equation) to solve for bottom width (B)
Minimum = 2 feet
Maximum = 10 feet
e For larger bottom widths, parallel swales should be used in
conjunction with a device that splits the flow and directs
the proper amount to each swale.
e For very low flow rates, Manning’s Equation may generate
a negative value for B. B should be set to 2 feet in these
cases.

7 Length (L)

Minimum = 200 feet
If minimum length is not possible, increase the bottom
width (B) so that the bottom area of the swale divided by
the bottom width (B) is equal to the minimum length.

9 Freeboard

Minimum = able to convey the 25-year flow without
overtopping

10 Velocity at Total Depth of
Channel (Vmax)

e Maximum velocity in treatment layer of 0.071 ft/sec

e For swales with a slope of 1% to 2.5%, Vmax above gravel
backfill for drywells < 1.8 ft/sec

e For swales with a slope of 2.5% to 5%, Vmax above
stabilizing gravel layer < 2.5 ft/sec
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9.1.4 Construction Criteria

Prior to delivery and installation of the rock needed for the non-vegetation filtration swale, additional
steps are required to limit the dust or fine sediment in the rock, which can impact the treatment
performance of the gravel.

e Rock shall be washed in a rinse plant prior to being picked up from the supplier. The rock shall
be washed a second time less than a week prior to pick up to reduce the fines in the rock due to
impacts of plant operations.

e Rock stockpiled at the construction site should be placed away from construction operations
that produce large amounts of dust or fines to prevent contamination of the rock. The rock shall
be protected from dust generated from construction operations, if the rock cannot be placed in
an area free from dust and will be protected from windblown dust using BMP C123/C123E
Plastic Covering (SWMMWW and SWMMEW) or similar covering. Care should also be taken
when gathering, transporting, and placing rock on-site to avoid contamination of the treatment
rock. Refer to the WSDOT Standard Specifications for Road, Bridge, and Municipal Construction
3-02.3(1) for additional steps to protect rock and stormwater during construction.

During construction, the non-vegetated filtration swale should not be put into operation until areas of
exposed soil in the contributing drainage catchment have been sufficiently stabilized. Deposition of
eroded soils can impede the flow of water in the swale and reduce swale treatment effectiveness. Thus,
erosion and sediment control measures as defined in the SWMMWW or SWMMEW should remain in
place until the swale is constructed per plans (see Chapter 7 of the SWMMEW, Construction Stormwater
Pollution Prevention, for erosion and sediment control BMPs). In addition, avoid compacting the swale
during construction and grade swales to attain uniform (no grade breaks in the swale) longitudinal and
lateral slopes.

9.1.5 Operation and Maintenance Criteria

The following bullets list basic operation and maintenance actions for the non-vegetated filtration
swale. See Table B 9-3: Maintenance criteria for non-vegetated filtration swales for detailed
recommended maintenance criteria.

e Inspect non-vegetated filtration swales periodically, especially the 25 feet downstream of an
inlet and upstream of an outlet, as well as after periods of heavy runoff. Look for damage and
remove sediment, trash, and debris to keep swales free of external pollution.

e Clean curb cuts when soil and vegetation buildup interfere with flow into the swale.

e Perform weed control practices to limit vegetation growth in the swale.

e |tis anticipated that maintenance will be required to restore the swale treatment performance,
which could include flushing the swale with clear potable water to remove TSS. However, the
exact actions and quantity of water needed for flushing will require more research.
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Table B 9-3: Maintenance criteria for non-vegetated filtration swales

Maintenance

Component

Defect or Problem

Condition When Maintenance is Needed

Recommended Maintenance to Correct Problem

General

Sediment
Accumulation

Indicators of sediment accumulation

include:

e Flow above the surface of the rock during
the water quality or smaller storm event

e Vegetation growing in the swale

e Pay special attention to the first 25 feet
and last 25 feet of the swale

Remove the sediment and treatment rock layer around the
indicator or throughout the swale as applicable. Replace with
clean rock to match original rock gradations and depth.

Standing Water

When water stands in the swale between
storms and does not drain freely.

Check the outlet of the swale for any debris or blockage.

Poor Rock Coverage

When rock-eroded channels occur in >10%
of the swale bottom.

Assess why channel eroded and correct that condition. Add
new rock to fix the eroded channel.

When grass or weeds become visually
present in the swale.

Remove grass or weeds so that flow is not impeded. Check
the treatment rock layer for sediment buildup below the
surface by removing rock down to the pea gravel and/or down

Vegetation . . . .

& to the subsoil. If sediment is found in the rock, remove
affected rock and replace with new clean rock to match
original rock gradations and depth.

Inlet/outlet areas clogged with sediment Remove material so that there is no clogging or blockage in
Inlet/Outlet / g8 geing &

and/or debris.

the inlet and outlet area.

Trash and Debris
Accumulation

Trash and debris accumulated in the swale.

Remove trash and debris from swale.

Erosion/Scouring

Eroded or scoured swale bottom due to flow
channelization or higher flows.

For ruts < 12 inches wide, repair the damaged area by
replacing with the applicable rock gradations. If ruts are large,
generally > 12 inches wide, the swale should be regraded in
the area. Consider increasing the size of/adding a layer of 2.5”
coarse cobbles at a depth of 2.5 inches on top of the existing
rock if erosion or scouring occurred during flow 25-year or
small event.!

L|f erosion is observed during smaller storms than the 25-year event, additional investigation may be needed to determine the cause of the erosion before the rock
gradation is upsized. For example, it is possible that additional area has been diverted to the swale or that the land cover or basin area upstream has changed.
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Appendix C — Data Quality Assessment
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Appendix C.1 — Quality Objectives Assessment

This appendix describes the findings of the quality objective assessment. The assessment was performed to
determine whether data collected during the study met Data Quality Indicators (DQIs) and Measurement
Performance Criteria (MPCs) that were defined in the study QAPP. DQIs are qualitative and quantitative
measures that characterize the aspects of quality data (Bias, Precision, Representativeness, Completeness,
Comparability, Sensitivity). MPCs are the acceptance criteria for DQIs that specify the standard for data to
meet the data quality objectives for the project. Each DQI is defined and the approach to addressing the
DQls as well as the MPC for that approach is listed below each DQI. Whether each MPC was met is
addressed under the “Assessment” headings.

Bias — A systematic error that results in sample values that are consistently distorted in one particular
direction from the “true” or known value (EPA, 2006; Erickson, Weiss, & Gulliver, 2013). Bias can result from
improper data collection, poorly calibrated analytical or sampling equipment, or limitations or errors in
analytical methods and techniques (Ecology, 2011).

DQI Approach #1: Staff will verify that the influent flow meter is working properly prior to beginning each
synthetic storm event.

MPC #1: The influent flow meter reading will be verified prior to each storm event according to the SOPs
outlined in Section 8.1 of the study QAPP.

Assessment: The influent flow meter reading was verified prior to each storm event for the first several
days of testing. After no variation was observed, the flow meter reading was verified at the start of each
day. No inconsistencies between the flow meter reading and estimated flow rate (see Section 8.1 of study
QAPP for SOPs) were observed. As such, the flow meter data was assumed to not be biased.

DQI Approach #2: Manufacturers’ recommendations for equipment and/or instrument maintenance will be
followed.

MPC #2: An audit (Section 12.0 of the study QAPP) will be conducted to verify that sampling staff are
following the SOPs outlined in Section 8.1 of the study QAPP (written to match manufacturer’s
specifications). Data will be considered acceptable if the sampling staff are consistently following the SOPs.

Assessment: Staff consistently followed the SOPs outlined in Section 8.1 of the study QAPP. Modifications
that were made during testing to improve data collection are documented with the two audits (Appendix
C.4) that were conducted and in Appendix C.5. No quality assurance issues were identified during the
audits.

DQI Approach #3: SOPs will be developed and consistently followed for collecting samples and measuring
data.

MPC #3: An audit (Section 12.0 of the study QAPP) will be conducted to verify that sampling staff are
following the SOPs outlined in Section 8.1 of the study QAPP. Data will be considered acceptable if the
sampling staff are consistently following the SOPs.

Assessment: Staff consistently followed the SOPs outlined in Section 8.1 of the study QAPP. Modifications
that were made during testing to improve data collection are documented with the two audits (Appendix
C.4) that were conducted and in Appendix C.5. No quality assurance issues were identified during the
audits.

DQI Approach #4: Laboratory method blanks and lab standards will be analyzed to check for bias.
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MPC #4: Sample results will be accepted if the resultsof the method blanks and lab standard analyses are
below the limits in Section 6.2 and Table 6.2 of the study QAPP.

Assessment: Method blank and lab standard analyses were within the limits in the study QAPP.

Precision — A measure of agreement among repeated measurements of the same property taken under
identical or substantially similar conditions (EPA, 2002a; EPA, 2006; Erickson, Weiss, & Gulliver, 2013). Data
is considered precise when the measured values are consistently the same and imprecise when the
measured values are consistently different (Erickson, Weiss, & Gulliver,2013). Random error is a common
cause of imprecise data and is always present because of normal variability in the many factors that affect
measurement results. For example, variability in sampling or data collection procedures and/or variations of
the actual concentrations in the media being sampled (Ecology, 2011).

DQI Approach #1: SOPs will be developed and consistently followed for collecting samples and measuring
data.

MPC #1: An audit (Section 12.0 of the study QAPP) will be conducted to verify that sampling staff are
following the SOPs. Data will be considered acceptable if the sampling staff are consistently following the
SOPs.

Assessment: Staff consistently followed the SOPs outlined in Section 8.1 of the study QAPP. Modifications
that were made during testing to improve data collection are documented with the two audits (Appendix
C.4) that were conducted and in Appendix C.5. No quality assurance issues were identified during the
audits.

DQI Approach #2: Laboratory analytical duplicates will be reviewed to check that analyzed data is
consistent.

MPC #2: If the results of the laboratory duplicates meet the relative percent difference (RPD) listed in Table
6.2 of the study QAPP, the results of the analytical testing will be considered acceptable.

Assessment: Seven of the quality control batches had lab duplicates that exceeded the percent recovery
limit (0-5). According to the analytical laboratory, the sample results associated with a lab duplicate
exceeding the control limits are valid. As two duplicate tests were run per QC batch, an average duplicate
percent recovery could be calculated and added to sample results as error bars. The highest average
duplicate percent recovery for the data collected was 11.46%. The remaining QC batches produced
laboratory duplicates that met the relative percent difference control limits.

DQI Approach #3: Staff will verify that the influent flow meter is providing consistent flow measurements
prior to beginning each synthetic storm event.

MPC #3: The influent flow meter reading will be verified prior to each storm event according to the SOPs
outlined in Section 8.1 of the study QAPP. Data will be considered acceptable if readings are consistent.

Assessment: The influent flow meter reading was verified prior to each storm event for the first several
days of testing. After no variation was observed, the flow meter reading was verified at the start of each
day. No inconsistencies between the flow meter reading and estimated flow rate (see Section 8.1 of study
QAPP for SOPs) were observed during testing. As such, the flow meter data was assumed to be accurate.
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Representativeness — A qualitative term that expresses the degree to which the data accuratelyand
precisely represents the conditions being evaluated (EPA, 2002a). Common variables considered when
determining the degree of representativeness include the selected sampling locations, sampling frequency
and duration, and sampling methods (Ecology, 2011).

DQI Approach #1: The location selected for this study is representative of a typical location where a non-
vegetated filtration swale could be installed. The non-vegetated filtration swales were installed in an
existing swale, which is not currently irrigated, behind the City of West Richland Municipal Services Building
and adjacent to a parking lot.

MPC #1: These conditions reflect the characteristics of a location where a non-vegetated filtration swale
would be installed: a semi-arid location or area where irrigation is not desired for part of the year; where
basic treatment is required; and along a parking lot or roadway.

Assessment: The swale design alternatives and final swale were installed and monitored in West Richland,
behind the City of West Richland Municipal Services Building. The site is expected to accurately represent a
typical site where a non-vegetated filtration swale would be installed.

DQI Approach #2: Hydrologic conditions tested at the site should be representative of the water quality
design event.

MPC #2: Hydrologic conditions will be considered acceptable if the peak flow rate for which the non-
vegetated swale is designed is matched.

Assessment: The peak flow rate for the water quality design storm was matched during testing of the swale
design alternatives and final swale installation. Hydrologic conditions are considered acceptable.

DQI Approach #3: Water quality samples should be collected to accurately represent conditions in the rock
treatment layer.

MPC #3: The sampling design was developed to limit settling of TSS where samples are collected, thereby
representing typical TSS removal by a non-vegetated filtration swale.

Assessment: Sampling was conducted according to the study QAPP. No Sil-Co-Sil® (TSS) was observed to be
settling out where samples were collected. As such, water quality samples were assumed to accurately
represent conditions in the rock treatment layer.

DQI Approach #4: Equipment at the site will be installed per manufacturer specifications.

MPC #2: Data will be considered acceptable if equipment at the site will be installed per manufacturer
specifications.

Assessment: Equipment was installed per manufacturer specifications. For example, the in-line flow meter
was installed with manufacturer-recommended distances between upstream and downstream bends or
other junctions in the pipe.

Completeness — The amount of valid data needed to be obtained during the study to meet the project
objectives (Lombard & Kirchmer, 2004).

DQI Approach #1: Nine samples (one influent and eight effluent samples, spaced 25 feet along the length of
the swale) will be collected for 6 simulated storm events for each swale design described in Section 3.3 of
the study QAPP.
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MPC #1: The data will be considered acceptable if less than 10% is missing or invalid. At least 5 of 6 samples
at any sample location will need to be valid to determine whether treatment performance goals are being
met.

Assessment: None of the influent or eight effluent samples from the swale were missing or invalid. An
additional two influent samples were taken during each simulated storm event to estimate the average
influent concentration entering the swale.

DQI Approach #2: A minimum of 95% of the samples analyzed by the lab must be considered valid prior to
the end of the study.

MPC #2: 95% of the samples must be accompanied by valid laboratory duplicates, method blanks, and lab
standards, and results which are valid. Additionally, the samples must be received and analyzed within the
appropriate holding times.

Assessment: All of the samples were accompanied by laboratory duplicates, method blanks, and lab
standards. All method blanks and lab standard analyses were within quality control limits. Seven of the
quality control batches had lab duplicates that exceeded the percent recovery limit (0-5). According to the
analytical laboratory, the sample results associated with a lab duplicate exceeding the control limits are
valid. As two duplicate tests were run per QC batch, an average duplicate percent recovery could be
calculated and added to sample results as error bars. The highest average duplicate percent recovery for
the data collected was 11.46%. The remaining QC batches produced laboratory duplicates that met the
relative percent difference control limits. All samples were analyzed within holding times.

DQI Approach #3: Define procedures for handling missing data, use appropriate coding for missing data,
and report missing data with the results.

MPC #3: Procedures for handling missing data and coding missing data are defined in Section 11.0 of the
study QAPP. The Final Technical Report for this study will include consideration for how missing data could
limit the completeness of the data set.

Assessment: Missing data was limited to time measurements for estimating velocity in the swale. The
missing data is summarized in Section 5.1 and comprises less than 5% of the total data collected. The
missing measurements are not expected to impact the completeness of the data set.

DQI Approach #4: Conduct maintenance for and verify equipment is working properly at the site, in
accordance with SOPs outlined in Section 8.0 of the study QAPP, to limit the possibility of missing or invalid
data.

MPC #4: An audit (Section 12.0 of the study QAPP) will be conducted to verify that sampling staff are
following the SOPs outlined in Section 8.0 of the study QAPP (written to match manufacturer’s
specifications). Data will be considered acceptable if the sampling staff are consistently following the SOPs.

Assessment: Staff consistently followed the SOPs outlined in Section 8.1 of the study QAPP. Modifications
that were made during testing to improve data collection are documented with the two audits (Appendix
C.4) that were conducted and in Appendix C.5. No quality assurance issues were identified during the
audits.

DQI Approach #5: An equipment checklist and Chain of custody forms will be used to prevent loss of data
resulting from missing containers, inoperable delivery and collection apparatus or sample delivery.

MPC #5: The data will be considered acceptable if lessthan 10% is missing or invalid.
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Assessment: Less than 10% of the data collected was missing or invalid (see Section 5). Chain of custody
forms are included with laboratory reports (Appendix E of the study QAPP). Chain of custody forms were
reviewed for issues as noted in Quality Assurance Worksheets (Appendix C.2) and no issues were identified.

Comparability — A qualitative term that expresses the measure of confidence that one data set can be
compared to another and can be combined or contrasted for the decision(s) to be made. Data are
comparable if sample collection techniques, measurement procedures, analytical methods, and reporting
are equivalent for samples within a sample set and meet acceptance criteria between sample sets.

DQI Approach #1: The test site is an existing swale, which is not currently irrigated, located behind the City
of West Richland Municipal Services Building.

MPC #1: The process for selecting the study area is defined in Section 7.2 of the study QAPP: the process
focused onhaving a test site that is representative of locations where the non-vegetated filtration swale will
be installed.

Assessment: The swale design alternatives and final swale were installed and monitored in West Richland,
behind the City of West Richland Municipal Services Building. The site is expected to accurately represent a
typical site where a non-vegetated filtration swale would be installed.

DQI Approach #2: SOPs will be developed, and all data and sample collection will be conducted in
accordance with the SOPs outlined in Section 8.0 of the study QAPP.

MPC #2: An audit (Section 12.0 of the study QAPP) will be conducted to verify that sampling staff are
following the SOPs outlined in Section 8.0 of the study QAPP (written to match manufacturer’s
specifications). Data will be considered acceptable if the sampling staff are consistently following the SOPs.

Assessment: Staff consistently followed the SOPs outlined in Section 8.1 of the study QAPP. Modifications
that were made during testing to improve data collection are documented with the two audits (Appendix
C.4) that were conducted and in Appendix C.5. No quality assurance issues were identified during the
audits.

DQI Approach #3: Standard testing methods will be used to analyze samples submitted to the lab.
MPC #3: SM 2540D will be used to conduct analysis of samples for TSS.
Assessment: SM 2540D was used to analyze all water quality samples for TSS.

Sensitivity — Denotes the rate at which the analytical response (e.g., absorbance, volume, meter reading)
varies with the concentration of the parameter being determined. In a specialized sense, it has the same
meaning as the detection limit (EPA, 2002a). The capability of a method or instrument to discriminate
between measurement responses representing different levels of the variable of interest.

DQI Approach #1: Analytical results for water quality samples will be reported if they are above the
reporting limit.

MPC #1: Reporting limits for TSS are listed in Table 6.2 of the study QAPP. Data reported as below the
detection limit will be calculated using the reporting limit shown in Table 9.1 of the study QAPP.

Assessment: No samples contained a TSS concentration below the detection limit. As such, none of the
data was calculated based on the reporting limit (1 mg/L) in the study QAPP.

DQI Approach #2: All water quality testing methods selected have detection limits below the expected
range of results.
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MPC #2: The expected range of results and respective reporting limit were compared in Table 9.1 of the
study QAPP.

Assessment: The detection limits were below the range of TSS results during testing.

DQI Approach #3: Instruments capable of accurately measuring variables at the site will be used during the
study.

MPC #2: The sensitivity of instruments at the site is included with the equipment specifications in Appendix
E of the study QAPP.

Assessment: Instruments used at the site (flow meter) were sufficiently sensitive to collect data.
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Appendix C.2 — Quality Assurance Worksheets

This appendix contains the Quality Assurance (QA) Worksheets used to document and review analytical
laboratory report findings. The worksheets were completed for each batch of samples sent to the analytical
laboratory and contain results of laboratory QC tests (reference study QAPP Section 6.0 for detailed
description) to determine whether water quality data are acceptable. Sections 3.1 and 3.2 contain
discussions on acceptable data for the study.
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Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 1 - Inf 1-3, Loc 1-8

QC Batch: LB014
Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 4-5
Cooler Temperature degrees Celsius 6 2.8
Method Blanks - -1 -0.23
Lab Standard Analysis % 77.1-110 85.9
Lab Duplicate #1 % 0-5 17.1804
Lab Duplicate #2 % 0-5 5.7365
Lab Duplicates - Average % 0-5 11.45845

Lab Notes on Instrument Calibration/Performance

qualification.

Duplicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample
matrix and concentration. Other QC within acceptable range. Samples reported without

Action

None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 2 - Inf 1-3, Loc 1-8

QC Batch: LBO16
Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 days 5
Cooler Temperature degrees Celsius 6 2.8
Method Blanks - -1 -0.11
Lab Standard Analysis % 77.1-110 88.45
Lab Duplicate #1 % 0-5 3.2076
Lab Duplicate #2 % 0-5 0.8634
Lab Duplicates - Average % 0-5 2.0355
Lab Notes on Instrument Calibration/Performance None
Action

None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 3 - Loc3-8

QC Batch: LB017

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 4
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.71
Lab Standard Analysis % 77.1-110 96.9
Lab Duplicate #1 % 0-5 1.9497
Lab Duplicate #2 % 0-5 0.0343
Lab Duplicates - Average % 0-5 0.992
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 3 - Inf 1-3, Loc 1-2

QC Batch: LB016

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 5
Cooler Temperature degrees Celsius 6 Not Recorded (Delivered on Ice)
Method Blanks - -1 -0.11
Lab Standard Analysis % 77.1-110 88.45
Lab Duplicate #1 % 0-5 3.2076
Lab Duplicate #2 % 0-5 0.8634
Lab Duplicates - Average % 0-5 2.0355
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 4 - Inf 1-3

QC Batch: LB017

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 4
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.71
Lab Standard Analysis % 77.1-110 96.9
Lab Duplicates % 0-5 1.9497
Lab Duplicates % 0-5 0.0343
Lab Duplicates (Average) % 0-5 0.992
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 4 - Loc 1-8

QC Batch: LB018
Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 days 2
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.14
Lab Standard Analysis % 77.1-110 103.05
Lab Duplicate #1 % 0-5 0.9179
Lab Duplicate #2 % 0-5 1.3431
Lab Duplicates - Average % 0-5 1.1305
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 5 - Inf2, Inf 3, Locl

QC Batch: LB019
Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No missing data
Holding Times (days) days 7 3
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.57
Lab Standard Analysis % 77.1-110 96
Lab Duplicate #1 % 0-5 3.9123
Lab Duplicate #2 % 0-5 1.1984
Lab Duplicates - Average % 0-5 2.55535
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 5 -Loc2-8

QC Batch: LB020

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 3
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.42
Lab Standard Analysis % 77.1-110 88.45
Lab Duplicate #1 % 0-5 1.103
Lab Duplicate #2 % 0-5 3.9582
Lab Duplicates - Average % 0-5 2.5306
Lab Notes on Instrument Calibration/Performance None

Action

None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 5 - Inf 1

QC Batch: LB018

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 2
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.14
Lab Standard Analysis % 77.1-110 103.05
Lab Duplicate #1 % 0-5 0.9179
Lab Duplicate #2 % 0-5 1.3431
Lab Duplicates - Average % 0-5 1.1305
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 6 - Inf1-3, Loc1-7

QC Batch: LB021

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 3
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 0.15
Lab Standard Analysis % 77.1-110 84
Lab Duplicate #1 % 0-5 0.406
Lab Duplicate #2 % 0-5 0.0314
Lab Duplicates - Average % 0-5 0.2187
Lab Notes on Instrument Calibration/Performance None
None

Action




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 6 - Loc8, end

QC Batch: LB022

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 7
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.36
Lab Standard Analysis % 77.1-110 107.15
Lab Duplicate #1 % 0-5 1.0118
Lab Duplicate #2 % 0-5 15.91
Lab Duplicates - Average % 0-5 8.4609
. . Duplicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample
Lab Notes on Instrument Calibration/Performance . . L . e .
matrix and concentration. Other QC within acceptable range. Samples reported without qualification.
Action None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 6 - Inf 1-3, Loc 1-5

QC Batch: LB036

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 1
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.2
Lab Standard Analysis % 77.1-110 90.85
Lab Duplicate #1 % 0-5 0.3532
Lab Duplicate #2 % 0-5 4.8465
Lab Duplicates - Average % 0-5 2.59985
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: GBD - Storm 6 - Loc 6-8

QC Batch: LB037

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 1
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 0.23
Lab Standard Analysis % 77.1-110 92.55
Lab Duplicate #1 % 0-5 3.4082
Lab Duplicate #2 % 0-5 2.5126
Lab Duplicates - Average % 0-5 2.9604
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: HMA - Storm 1 - Inf 1-3, Loc 1-4

QC Batch: LB014
Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 4-5
Cooler Temperature degrees Celsius 6 2.8
Method Blanks - -1 -0.23
Lab Standard Analysis % 77.1-110 85.9
Lab Duplicate #1 % 0-5 17.1804
Lab Duplicate #2 % 0-5 5.7365
Lab Duplicates - Average % 0-5 11.45845
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: HMA - Storm 1 - Loc 5-8

QC Batch: LBO16
Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 5
Cooler Temperature degrees Celsius 6 2.8
Method Blanks - -1 -0.11
Lab Standard Analysis % 77.1-110 88.45
Lab Duplicate #1 % 0-5 3.2076
Lab Duplicate #2 % 0-5 0.8634
Lab Duplicates - Average % 0-5 2.0355
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: HMA - Storm 2- Inf1-3, Loc 1-8

QC Batch: LB017

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 2
Cooler Temperature degrees Celsius 6 Not Recorded (Delivered on Ice)
Method Blanks - -1 -0.71
Lab Standard Analysis % 77.1-110 96.9
Lab Duplicate #1 % 0-5 1.9497
Lab Duplicate #2 % 0-5 0.0343
Lab Duplicates - Average % 0-5 0.992
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: HMA - Storm 3- Inf 1-3, Loc 1-8

QC Batch: LB018

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 2
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.14
Lab Standard Analysis % 77.1-110 103.05
Lab Duplicate #1 % 0-5 0.9179
Lab Duplicate #2 % 0-5 1.3431
Lab Duplicates - Average % 0-5 1.1305
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: HMA - Storm 4 - Inf1-3, Loc 1-8

QC Batch: LB020

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 2
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.42
Lab Standard Analysis % 77.1-110 88.45
Lab Duplicate #1 % 0-5 1.103
Lab Duplicate #2 % 0-5 3.9582
% 0-5 2.5306

Lab Duplicates - Average

Lab Notes on Instrument Calibration/Performance

None

Action

None




Data Quality Form

Sample, Swale, Storm ID: HMA - Storm 5 - Inf3, Loc1-8, End

QC Batch: LB021

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 3
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 0.15
Lab Standard Analysis % 77.1-110 84
Lab Duplicate #1 % 0-5 0.406
Lab Duplicate #2 % 0-5 0.0314
Lab Duplicates - Average % 0-5 0.2187

Lab Notes on Instrument Calibration/Performance

None

Action

None




Data Quality Form

Sample, Swale, Storm ID: HMA - Storm 5 - Inf1,2

QC Batch: LB020

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 2
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.42
Lab Standard Analysis % 77.1-110 88.45
Lab Duplicate #1 % 0-5 1.103
Lab Duplicate #2 % 0-5 3.9582
Lab Duplicates - Average % 0-5 2.5306
Lab Notes on Instrument Calibration/Performance

None

Action

None




Data Quality Form

Sample, Swale, Storm ID: HMA - Storm 6 - Inf1-3, Loc1-8, end

QC Batch: LB022

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 7
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 0.15
Lab Standard Analysis % 77.1-110 84
Lab Duplicate #1 % 0-5 0.406
Lab Duplicate #2 % 0-5 0.0314
Lab Duplicates - Average % 0-5 0.2187

Lab Notes on Instrument Calibration/Performance

None

Action

None




Data Quality Form

Sample, Swale, Storm ID: PG - Storm 1- Inf 1-3, Loc 1-8, end

QC Batch: LB024

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 1
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.3
Lab Standard Analysis % 77.1-110 83.05
Lab Duplicate #1 % 0-5 1.6032
Lab Duplicate #2 % 0-5 9.6609
Lab Duplicates - Average % 0-5 5.63205

Lab Notes on Instrument Calibration/Performance

qualification.

Duplicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample
matrix and concentration. Other QC within acceptable range. Samples reported without

Action

None




Data Quality Form

Sample, Swale, Storm ID: PG - Storm 2- Inf 1-3, Loc 1-8, end

QC Batch: LB025

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 1
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.65
Lab Standard Analysis % 77.1-110 78.1
Lab Duplicate #1 % 0-5 2.899
Lab Duplicate #2 % 0-5 1.3153
Lab Duplicates - Average % 0-5 2.107
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: PG - Storm 3- Inf 1-3, Loc 1-8, end

QC Batch: LB026

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 1
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.14
Lab Standard Analysis % 77.1-110 93.4
Lab Duplicate #1 % 0-5 1.9297
Lab Duplicate #2 % 0-5 2.6329
Lab Duplicates - Average % 0-5 2.2813
Lab Notes on Instrument Calibration/Performance

None

Action

None




Data Quality Form

Sample, Swale, Storm ID: PG - Storm 4 - Inf1-3, Loc1-5

QC Batch: LB026

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 1
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.14
Lab Standard Analysis % 77.1-110 93.4
Lab Duplicate #1 % 0-5 1.9297
Lab Duplicate #2 % 0-5 2.6329
Lab Duplicates - Average % 0-5 2.2813
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: PG - Storm 4 - Loc6-8, end

QC Batch: LB027

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None None
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 1
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.29
Lab Standard Analysis % 77.1-110 89.2
Lab Duplicate #1 % 0-5 2.3516
Lab Duplicate #2 % 0-5 4.7223
Lab Duplicates - Average % 0-5 3.53695
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: PG - Storm 5- Inf 1-3, Loc 1-8, end

QC Batch: LB029

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 4
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 0.07
Lab Standard Analysis % 77.1-110 87.65
Lab Duplicate #1 % 0-5 3.4636
Lab Duplicate #2 % 0-5 4.8433
Lab Duplicates - Average % 0-5 4.1535

Lab Notes on Instrument Calibration/Performance

None

Action

None




Data Quality Form

Sample, Swale, Storm ID: PG - Storm 6- Inf 1-3, Loc 1-8, end

QC Batch: LB030

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times days 7 4
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.14
Lab Standard Analysis % 77.1-110 96.2
Lab Duplicate #1 % 0-5 0.5473
Lab Duplicate #2 % 0-5 2.234
Lab Duplicates - Average % 0-5 1.391
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: SPG - Storm 1 - Inf 1-3, Loc 1-5

QC Batch: LB025

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 1
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.65
Lab Standard Analysis % 77.1-110 78.1
Lab Duplicate #1 % 0-5 2.899
Lab Duplicate #2 % 0-5 1.3153
Lab Duplicates - Average % 0-5 2.107
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: SPG - Storm 1 - Loc 6-8, end

QC Batch: LB023

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - SM 2540D No
Completeness/Methodology - None
Holding Times (days) days No Missing Data 1
Cooler Temperature degrees Celsius 7 N/A - samples delivered same day
Method Blanks - 6 0.01
Lab Standard Analysis % -1 81.7
Lab Duplicate #1 % 0-5 2.8129
Lab Duplicate #2 % 0-5 19.0476
Lab Duplicates - Average % 0-5 10.9303
Duplicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample
Lab Notes on Instrument Calibration/Performance matrix and concentration. Other QC within acceptable range. Samples reported without
qualification.
Action None




Data Quality Form

Sample, Swale, Storm ID: SPG - Storm 2- Inf 1-3, Loc 1-8, end

QC Batch: LB027

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 1
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.29
Lab Standard Analysis % 77.1-110 89.2
Lab Duplicate #1 % 0-5 2.3516
Lab Duplicate #2 % 0-5 4.7223
Lab Duplicates - Average % 0-5 3.5370
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: SPG - Storm 3- Inf1-3, Loc1-5

QC Batch: LB029

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 4
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 0.07
Lab Standard Analysis % 77.1-110 87.65
Lab Duplicate #1 % 0-5 3.4636
Lab Duplicate #2 % 0-5 4.8433
Lab Duplicates - Average % 0-5 4.1535
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: SPG - Storm 3- Loc6-8, end

QC Batch: LB030

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 4
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.14
Lab Standard Analysis % 77.1-110 96.2
Lab Duplicate #1 % 0-5 0.5473
Lab Duplicate #2 % 0-5 2.234
Lab Duplicates - Average % 0-5 1.391
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: SPG - Storm 4- Inf 1-3, Loc 1-8, end

QC Batch: LB028

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 3
Cooler Temperature degrees Celsius 6 Not Recorded (Delivered on Ice)
Method Blanks - -1 -0.33
Lab Standard Analysis % 77.1-110 95.35
Lab Duplicate #1 % 0-5 4.8295
Lab Duplicate #2 % 0-5 0.4935
Lab Duplicates - Average % 0-5 2.6615
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: SPG - Storm 5- Inf 1-3, Loc 1-5

QC Batch: LB028

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 3
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.33
Lab Standard Analysis % 77.1-110 95.35
Lab Duplicate #1 % 0-5 4.8295
Lab Duplicate #2 % 0-5 0.4935
Lab Duplicates - Average % 0-5 2.6615
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: SPG - Storm 5- Loc 6-8, end

QC Batch: LB031

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 2
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.3
Lab Standard Analysis % 77.1-110 79.25
Lab Duplicate #1 % 0-5 1.2068
Lab Duplicate #2 % 0-5 3.7001
Lab Duplicates - Average % 0-5 2.4535
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: SPG - Storm 6- Inf 1-3, Loc 1-2

QC Batch: LB031

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 7
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 -0.3
Lab Standard Analysis % 77.1-110 79.25
Lab Duplicate #1 % 0-5 1.2068
Lab Duplicate #2 % 0-5 3.7001
Lab Duplicates - Average % 0-5 2.4535
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: SPG - Storm 6- Loc 3-8, end

QC Batch: LB032

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 7
Cooler Temperature degrees Celsius 6 N/A - samples delivered same day
Method Blanks - -1 0
Lab Standard Analysis % 77.1-110 88.45
Lab Duplicate #1 % 0-5 1.9327
Lab Duplicate #2 % 0-5 N/A
Lab Duplicates - Average % 0-5 N/A
Lab Notes on Instrument Calibration/Performance None
Action None




Data Quality Form

Sample, Swale, Storm ID: #1-8

QC Batch: LB035

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 6
Cooler Temperature degrees Celsius 6 Not Recorded (Delivered on Ice)
Method Blanks - -1 -0.63
Lab Standard Analysis % 77.1-110 109.2
Lab Duplicate #1 % 0-5 8.9767
Lab Duplicate #2 % 0-5 2.5083
Lab Duplicates - Average % 0-5 5.7425
Lab Notes on Instrument Calibration/Performance

Action

None

None




Data Quality Form

Sample, Swale, Storm ID: Background reports #1-2

QC Batch: LB014

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 4-5
Cooler Temperature degrees Celsius 6 Not Recorded (Delivered on Ice)
Method Blanks - -1 -0.23
Lab Standard Analysis % 77.1-110 85.9
Lab Duplicate #1 % 0-5 17.1804
Lab Duplicate #2 % 0-5 5.7365
Lab Duplicates - Average % 0-5 11.4585

Lab Notes on Instrument Calibration/Performance

without qualification.

Duplicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to
sample matrix and concentration. Other QC within acceptable range. Samples reported

Action

None




Data Quality Form

Sample, Swale, Storm ID: GBD2 - Storm 1 - Inf 1-3, Loc 1-8

QC Batch: LB034

Parameters Units Goal Reported
Method - SM 2540D SM 2540D
Chain of Custody Issue? - None No
Completeness/Methodology - No Missing Data No Missing Data
Holding Times (days) days 7 3
Cooler Temperature degrees Celsius 6 Not Recorded (Delivered on Ice)
Method Blanks - -1 0.1
Lab Standard Analysis % 77.1-110 109.6
Lab Duplicate #1 % 0-5 11.3604
Lab Duplicate #2 % 0-5 11.5119
Lab Duplicates - Average % 0-5 11.4362

Lab Notes on Instrument Calibration/Performance

Action

without qualification.

Duplicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to
sample matrix and concentration. Other QC within acceptable range. Samples reported

None
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Appendix C.3 — Field Forms

This appendix contains copies of field forms used in the field to document that the SOPs in the study QAPP
(Section 8.1) were followed during data collection. The field forms were used in the data usability analysis
described in Section 3.2.
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Note:

The names on the forms in this section are handwritten and typically only
include the first name. The individuals who helped with field data collection are
typed below for clarity.

City of West Richland Staff:
Drew Woodruff

Don Klages

Jeremy Gwinn

Chris Hogan

Jared Rheinschmidt

TAC Members:

Brian Morgenroth (City of Walla Walla)
Brian Pope (City of Richland)

Chuck Geissel (Walla Walla County)
Brad Mitchell (City of Moses Lake)
Michael Henao (City of Pasco)




Site Preparation Field Forms



GBD Storm 1

































HMA Storm 6
















































and Storm 5 (SPG)






Simulated Storm Event Field Forms



GBD Storm 1



GBD Storm 2
















































HMA Storm 4






























































































































Final TER Non-Vegetated Filtration Swale Stormwater Effectiveness Study

Appendix C.4 — Audit and QC Review

This appendix contains the forms used to complete the audits and a summary of the QC review that were
required for the project. The audits were conducted to determine whether the SOPs were followed for the
duration of the study and where modifications were made. The QC review was performed to check for
consistency, correctness, and completeness of the data collected during the study. The results of the audits
and QC review are discussed in Sections 3.1 and 3.2.
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Audit Form

Auditor Name:

bue: 1731202

Respondent Name: ]

Time: P60 AN

—

Question

Response

INniu;:

8.1.1 Site Preparation for Simulated Storm Event

event?

Was the treatment rock layer rinsed prior to beginning the first simulated storm Yes

Was the tank filled with 1,000 gallons of water before each simulated storm
event? == —
Were the piezometers and sample ports inspected prior to each simulated storm

z
=]

=
o

A
3

Modified

Modified

Montus  nwes

Modified

event?
Were the automatic grab lers i d and cl d as ded prior to
T p

z
)

Modified

each simulated storm event?

Was the influent flow meter reading verified prior to or to each simulated storm

Z
)

Modified

event?
Was the influent synthetic stormwater system set up to deliver the water qu&hty

-
=]

Modified

design flow rate prior to each simulated storm event?

QGQWQQ

z
=]

Modified ‘

Was the water level meter reading verified prior to each simulated storm event?

preparation field form?

Was the information collected during site preparation recorded on the site Tes

z

Modified

8.1.2 Site Preparation for Simulated Storm Event
Was the appropriate amount of Sil Co Sil added to the 1,000 gallon tank for

o
=

es

Zz
=3

Modified

each Phase and mixed to ensure Sil Co Sil didn't settle ou?
Was the influent flow meter displaying the water quality design flow rate prior
1o installing the automatic grab samplers during Phase 1 of the simulated storm|

Yes

z
o

Modified

event?
Were the automatic grab samplers installed after the water quality design flow {

5

Z
=]

Modified

rate was confirmed by the influent flow meter (during Phase 1)?

to sample bottles provided by the lab?

Were 'sa.mplc:- shaken or swirled to humogemzc the snmple prior to transferring Yes

Were a total of three depth measurements taken at each piezometer in the swale A No Modified
during Phase 1 of the simulated storm event? : 2

Were a total of three influent flow meter readings taken during Phase 1 of the (ves No Modified
simulated storm event? Y .
Was the tank fully emptied during Phase 1 and all automatic grab samplers = No Modified
collected after each Phase 1 of the simulated storm events?

Were the sample ports closed (to limit TSS deposit into the sample ports) (@‘ No  Modified
before Phase 2 begun?

Was the information collected during the simulated storm event recorded on ( Tes No Modified

the simulated storm event field form?

8.1.3 Site Preparation for Simulated Storm Event

Were sample bottles placed in the fridge or cooler filled with ice prior to s
|sampling to keep bottles cool? 4 i
Were sample bottles labeled with sample ID, location, sample date, and sample‘ o No  Modified
time?

Were e,am[;fe; kept in a cooler filled with loose ice or fndge to keep the Modified
iples below a temperature of 6 degrees Celsius? | e i

Was a Chain of Custody and any additional documentation filled out for the Modified

samples?




Audit Form

Auditor Name: Mark Maurer

Date: 12/21/2022

Respondent Name: Taylor Hoffman-Ballard

Time: 3:00 PM

Question Response |Notes:
8.1.1 Site Preparation for Simulated Storm Event
Was the treatment rock layer rinsed prior to beginning the first simulated Yes
storm event?
Was the tank filled with 1,000 gallons of water before each simulated storm Modified
event? At least 1000 gallons, but sometimes up to 1500 gallons.
Were the piezometers and sample ports inspected prior to each simulated Modified Did inspect the sample port prior to each event, but they pulled the piezometers
storm event? because they were using time instead of depth.
Were the automatic grab samplers inspected and cleaned as needed prior to

. Yes
each simulated storm event? Cleaned them regardless.
Was the influent flow meter reading verified prior to each simulated storm Modified It was for the first few events but then shifted to the start of each test day because
event? they weren't seeing any drifting.
Was the influent synthetic stormwater system set up to deliver the water Yes
quality design flow rate prior to each simulated storm event?
Was the water level meter reading verified prior to each simulated storm Modified Did verify when they were using the water level meter, but they stopped when they
event? switched to time to measure velocity.
Was the information collected during site preparation recorded on the site
preparation field form? Yes
8.1.2 Site Preparation for Simulated Storm Event
Was the appropriate amount of Sil Co Sil added to the 1,000 gallon tank for Yes
each Phase and mixed to ensure Sil Co Sil didn't settle out?
Was the influent flow meter displaying the water quality design flow rate prior
to installing the automatic grab samplers during Phase 1 of the simulated Yes
storm event?
Were the automatic grab samplers installed after the water quality design flow Yes
rate was confirmed by the influent flow meter (during Phase 1)?
Were a total of three depth measurements taken at each piezometer in the Modified Did verify when they were using the water level meter, but they stopped when they
swale during Phase 1 of the simulated storm event? switched to time to measure velocity.
Were a total of three influent flow meter readings taken during Phase 1 of the Yes
simulated storm event?
Was the tank fully emptied during Phase 1 and all automatic grab samplers Modified All automatic grab samplers were collected after Phase 1, but approximately 50
collected after each Phase 1 of the simulated storm events? gallons of water was left in the tank because of pump capabilities.
Were the sample ports closed (to limit TSS deposit into the sample ports)

Yes
before Phase 2 begun?
Was the information collected during the simulated storm event recorded on Yes
the simulated storm event field form?
8.1.3 Site Preparation for Simulated Storm Event
Were sample bottles placed in the fridge or cooler filled with ice prior to Modified No, it was warm so the bottles would warm up before sampling began. However,
sampling to keep bottles cool? the bottles were placed in the cooler immediately after pulling from swale.
Were sample bottles labeled with sample ID, location, sample date, and Yes
sample time?
Were samples shaken or swirled to homogenize the sample prior to - Did not need to transfer samples to another bottle. The same bottles used to collect
; ' Modified
transferring to sample bottles provided by the lab? the samples were sent to the lab.
This was done if samples were taken on the previous day. The lab said that the

Were samples kept in a cooler filled with loose ice or fridge to keep the Modified samples did not need to be cooled if delivered the same day as the samples were
samples below a temperature of 6 degrees Celsius? taken.
Was a Chain of Custody and any additional documentation filled out for the Yes

samples?




QC Review

QA/QC Lead Comment

Response

Spot check that water quality data in Swale #1-4 WQ tabs and Final Swale
WQ tab was entered correctly from lab reports.

There were some errors | found in the times when the time was not recorded cumulatively in the Pea Gravel swale.
I’'ve highlighted the cells that | checked, but someone will need to look at rows 5 and 6 since | didn’t check those. |
also added a note to add an identifier to the gravel backfill swales to tie them to the field forms like you’ve done in
the other swales. Per our discussion | didn’t check the manning’s calculations. | did check the velocity calculations
and they are OK.

As discussed, verified that times were added correctly for rows
3-6 for the Pea Gravel swale. Also added an identifier to the
gravel backfill swale tables to tie them to the field forms.

Spot check that velocity (time) data in Velocity&ManningsN tab was
entered correctly from field data sheets.

| spot checked this data and didn’t find any errors.

Noted

Spot check formulas to make sure percent removal, infiltration, velocity,
and Manning's n are calculated correctly.

Spot checked formulas and didn’t find any errors.

Noted

In the Final Swale WQ tab, the last 4 sections of the page use equations
developed on the "Trendlines to estim % removal" tab to estimate what
percent removal.

| checked the equations and they are consistent throughout.

Noted. As discussed, will add identifiers to graphs or discussion
to Final Swale WQ tab or Trendlines to estim %removal tab to
clarify which trendlines were used in the Final Swale WQ tab.

General

Suggestion to add a ReadMe page; descriptions where applicable to make spreadsheet and tabs easier to revisit or
read if never seen before.

Will add a ReadMe page at the beginning to explain the
purpose and contents of each sheet. Will add additional
descriptions to tabs where applicable.
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Appendix C.5 — Deviations from QAPP

This appendix contains a summary of deviations from the QAPP and how they were addressed to maintain
data quality. Reasons for modifications included: revising procedures to provide a benefit to data quality or
data collection; revision of steps following guidance provided by the analytical laboratories; and revision of
steps following use of equipment in the field and experiencing field conditions. A review of the deviations is
discussed in Sections 3.1 and 3.2.
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Deviations From QAPP

Revision #

Section and Page

Original Instructions

Suggested Revision

Reason for Deviation

1 Section 8.1.2, Step 1 Turn on the submersible pump intended to mix the Turn on the submersible pump intended to mix the At least 1000 gallons were filled, but sometimes up to 1500 gallons due to the series of

SilCoSil in the 1,000-gallon tank. Add the amount of  JSilCoSil in the 1,000-gallon tank. Add the amount of  |mechanism used to turn off the water.

SilCoSil needed to achieve a concentration of 100 SilCoSil needed to achieve a concentration of 100 Section 7.5 indicated sufficient SilCoSil would be added to achieve an influent

mg/L in 1,000 gallons (0.83lbs). mg/Lin 1,000 gallons (1.67lbs). concentration between 100-200mg/L. To achieve that concentration, 1.67Ibs of SilCoSil
was added to the approximate 1,000 gallons.

2 Section 8.1.1, Step 4 Inspect the piezometers and sample ports prior to Delete step. Time to reach each sample location was used instead of the piezometers following the
each simulated storm event. first sample event, because water travelled too slowly through the swale to measure

velocity as described in Section 7.4 of the QAPP.

3 Section 8.1.1, Step 7 Verify the influent flow meter reading (impliled prior [Verify the influent flow meter reading at the start of |The flow meter reading was verified prior to every event for the first few events, but the
to each simulated storm event). each day, before simulated storm events are begun. |frequency was lowered to once per day when drifting was not observed for the meter.

4 Section 8.1.1, Step 9 Verify the water level meter prior to each simulated |Delete step. Time to reach each sample location was used instead of the piezometers following the
storm event. first sample event, because water travelled too slowly through the swale to measure

velocity as described in Section 7.4 of the QAPP. As such, the water level meter wasn't
verified or used after the first sample event.

5 Section 8.1.2, Step 6 Take a total of three depth measurements at each Delete step. Time to reach each sample location was used instead of the piezometers following the
piezometer in the swale during Phase 1 of the first sample event, because water travelled too slowly through the swale to measure
simulated storm event. velocity as described in Section 7.4 of the QAPP. As such, the water level meter wasn't

used after the first sample event.

6 Section 8.1.2 Steps 8-10 |Empty the tank fully during Phase 1 and collect all Empty the tank to the lowest extent possible with the JThe pump used to deliver synthetic stormwater to the swale was able to draw down the
automatic grab samplers after each Phase 1 of the pump used during Phase 1 and collect all automatic  Jtank to a depth that correlated to approximately 50 gallons of water left in the tank. This
simulated storm events. grab samplers after each Phase 1 of the simulated volume was not emptied from the tank, and was estimated to contain a maximum of 2.4

storm events. ounces (assuming a concentration of 200 mg/L) of SilCoSil. The tank was refilled with
approximately 1000 gallons of water for the simulation of an annual load of TSS (Phase
2), which was supplemented with 14 pounds of SilCoSil. As a result, the 2.4 ounces was
not anticipated to have a significant impact on the simulation of the annual load of TSS.

7 Section 8.1.3 Step 1 Place sample bottles in a fridge or cooler filled with Delete step. Due to the high temperatures and lack of shade at the site, the bottles would warm up by
ice prior to sampling to keep bottles cool. the time sampling was complete, despite being cooled beforehand. The bottles were

placed in a fridge immediately after sampling was complete.

8 Section 8.1.3 Step 4 Shake samples or swirl to homogenize the sample Delete step. Did not need to transfer samples to another bottle. The bottles provided by the lab fit the
prior to transferring to sample bottles provided by the grab sampler.
lab.

9 Section 8.1.3 Page 41 Keep samples in a cooler filled with loose ice or fridge |Keep samples in a temperature-controlled fridge until JThe analytical laboratory communicated that samples did not need to be cooled if
to keep the samples below a temperature of 6 they are ready for delivery to the lab. If samples are ]delivered the same day as the samples taken, but did need to be cooled to below 6
degrees Celsius. delivered on the same date as they are collected, they |degrees Celsius if delivered on the following day or later.

can be delivered in a cooler without ice. If they are
delivered on a different date, the cooler must be filled
with loose ice to keep samples below a temperature
of 6 degrees Celsius.
10 Section 8.1.2 Page 39 SOP defines procedures for simulating a storm event JWhile testing the final swale alternative, perform TSS [Water quality results from testing of the four swale design alternatives indicated the

at the site, and assumes TSS loading is performed
after each simulated water quality design event.

loading after the second and fourth simulated water
quality design storm (simulates three years).

gravel backfill for drywells would require maintenance to restore performance
potentially by the second or third year. Using this information, TSS loading was
performed after the second and fourth simulated water quality design storm events. This
allowed the research team to collect more data during each simulated year, i.e., two
events for the first year, two events for the second year, and two events for the 3 year.
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Appendix D — Swale Alternatives Testing
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The water quality results of the four swale design alternatives (herein referred to as alternatives) are
described in this appendix. These results were used to support the selection of the final alternative (results
of the final alternative are in Section 4.2). Specifically, the water quality results include TSS concentrations
collected at the influent and eight effluent sample locations in the swale, percent TSS removal over the
length of the test swale, and the ratio of effluent to influent concentrations at each location. A discussion of
the results with images from field data collection accompany the water quality results. The raw data
collected and analyzed for each of the four swale design alternatives can be found in Appendix C and
Appendix E.

Also included in each section is a brief summary of the materials used in each swale alternative. Detailed
descriptions of the swale alternatives can be found in Section 3.3.1 of the study QAPP; only changes since
the QAPP was finalized are discussed in this document. All four swale design alternatives were installed
over an impermeable liner to evaluate the treatment capacity of the rock without the influence of
subsurface soils. Additionally, field tests related to rock movement during high flows and typical
maintenance actions are discussed for each alternative. The testing procedures are discussed in detail in
the QAPP but generally included exposing all swale alternatives to a 25-year flow and air flow from a leaf
blower to observe whether rock moved. The goal was to select materials that would not move during this
testing. The leaf blower’s make and model was what is typically used for swale maintenance (as reported by
the study TAC members).

The final paragraph in each of the following subsections for each alternative provides the reasoning why it
was or was not considered for the final swale alternative. The conclusions are also summarized in Section
4.1.

9.1.6  Introduction to Tables and Figures

The water quality results for the four swale design alternatives are shown in Table D 9-1-Table D 9-4 and
Figure D 9-1, Figure D 9-6, Figure D 9-10, and Figure D 9-12. The tables contain the TSS concentrations at
the influent and eight effluent locations, which are called out in relation to the test swale as shown in
Figure 4-1 and Figure 4-2, as well as the percent removal over the length of the test swale (influent to
sample location 8). The effluent concentrations are highlighted in the table on a relative scale according to
the range of values in the table: red is assigned to the highest concentrations, green indicates the lowest
concentrations, and concentrations falling between those values are assigned shades between red and
green. As mentioned in Section 1.4, the effluent concentrations in the tables are grab sample results that
represent the first flush concentrations through the swale. As such, they are expected to be higher than an
event mean concentration, which is typically used to evaluate the treatment performance of BMPs. The
figures included in this section show the ratio of effluent concentration at each sample location to the
influent concentration to illustrate the change in TSS concentrations as runoff flowed through the swale.
The figures also show a target of 80% removal line in order to compare the performance of the swale to the
targeted removal. The results in the figures and tables specific to each alternative are described in the
following sections (Alternative 1, Alternative 2, Alternative 3, and Alternative 4).

9.1.7 Alternative 1

9.1.7.1 Alternative 1 Materials

Alternative 1, as described in the study QAPP, was comprised of a 7-inch depth of 1.25-inch gravel, which
extended up the sides of the swale to protect the side slopes. The 1.25-inch gravel was not readily
available, so HMA gravel was substituted. HMA gravel was chosen because of its availability statewide.
Additionally, findings of the literature search described in Section 3.3 of the study QAPP indicated that
potentially effective treatment rock layers include choke stone or riprap and the gradation of the HMA
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gravel fell between the gravel backfill for drywells (smaller than riprap) and pea gravel sizes (similar size to
choke stone), so it was anticipated to effectively remove TSS.

9.1.7.2 Alternative 1 Water Quality Results and Field Observations

Table D 9-1 and Figure D 9-1 show the results of testing Alternative 1 in the field. As shown by the
concentrations in Table D 9-1 and Figure D 9-1, Alternative 1 did not show a consistent pattern of removal
throughout the swale nor was 80% reduction of TSS ever achieved. However, in comparing the TSS
concentration at sample location 1 to sample location 8, an 80% reduction was observed, which suggests it
is possible to achieve this reduction, but the field conditions described herein likely impacted the results.
For example, during testing of Alternative 1 it was found that the impermeable liner was not taped securely
to the sample ports, and sediment was possibly entering the swale from the opening in the liner around the
sample port. This may have contributed to the variation in the TSS concentrations at the sample locations in
the swale and removal throughout the swale. For example, during Event 2 at sample location 4 (swale
length of 100 feet), there is a sharp decrease in TSS concentration, followed by an increase in concentration
at sample location 5 that continues through the rest of the swale. Fines in the HMA gravel were also
considered as a potential reason for the high concentrations in the swale; however, a background sample
collected from the end of the swale before testing began indicated a background concentration 75 mg/L,
which is much lower than the concentrations observed in the swale. As such, it was hypothesized that
sediment entering the swale from gaps between the liner and sample ports were causing the high
concentrations in the rock.

Additionally, observations during field testing suggested that the Sil-Co-Sil® and fines in the rock were
travelling along the liner at the bottom of the swale as opposed to through the treatment rock layer. Water
that reached the sample ports first appeared to be entering along the liner, and water was tinted a brown
color, which matched the existing ground and the fines in the rock. The samples collected from two
simulated storm events shown in Figure D 9-2 show an example of the color of the water in sample bottles.
Once testing was complete and the HMA gravel was removed from the liner, the same color sediment was
observed along the bottom of the liner, as shown in Figure D 9-3. The tinted color of the samples and
residual fines along the bottom of the liner suggests that the fines from the rock or the existing ground
were short circuiting around the treatment rock layer, thereby receiving reduced treatment and potentially
increasing water quality results in the swale.

9.1.7.3 Alternative 1 Rock Movement Testing

The HMA gravel was also tested for movement of rock during high-flow events and typical maintenance
actions, specifically use of a leaf blower to remove debris. Some minor erosion of the HMA gravel was
observed at the inlet during the 25-year flow (Figure D 9-4), but not in any other location in the swale. As
such, energy dissipation would likely be required at the inlet for an installation of Alternative 1. More
movement of the HMA gravel was observed during the leaf blower test, as shown in Figure D 9-5. When the
leaf blower was applied to the HMA gravel, smaller pieces of gravel would fly up the side slopes of the
swale. The TAC voiced a preference for rock that did not move or leave the swale during the use of a leaf
blower, as the use of the leaf blower is a common maintenance practice and rock being displaced or leaving
the swale creates extra work for the maintenance crew.

9.1.7.4 Alternative 1 Conclusion

HMA gravel was not selected for use in the final design alternative as it did not meet treatment
performance goals and because of its mobility during the 25-year flow and leaf blower test. Additionally, it
is expected that it would be difficult to find HMA gravel in a “clean” or washed form because its typical
application is for roadways and a certain amount of fines is acceptable.
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Table D 9-1: Alternative 1 (HMA gravel) water quality results

Concentration mg/L?
Years TSS Loading Simulated t=0 t=1yr t=2yr t=3yr t=4yr t=5yr
Influent 160 183 151 100 111 127
Location in Swale | Event#1 | Event#2 | Event#3 | Event#4 | Event#5 | Event #6
Sample Location 1 (25 feet) 349 3182 2004 3867 9719 1836
Sample Location 2 (50 feet) 1637 2940 1565 2917 2418 1202
75 1542 1859 1263 155 656 624
100 919 116 751 1085 358 860
125 704 890 674 761 285 727
150 457 783 448 483 177 518
175 338 631 296 370 100 382
200 107 437 130 121 84 155
%Removal fromInfluentto |, 1o/ | 30700 | 1379 | -200% | 243% | -21.9%
200 feet
% Removal from 25 feet to 69.3% 86.3% 93.5% 96.9% 99.1% 91.6%
200 feet | [46.3%])% | [-119%]? [35.1%]? [39.7%]? [57.9%]? [22.7%]?

1 Background samples were taken at the end of each alternative during the initial 25-year flow test to understand
what TSS was present in the rock. The background sample for HMA was 75.0 mg/L.
2 Per TAPE, influent concentrations that are greater than the influent range must be set to the value at the upper end
of the range (200 mg/L for TSS). The value in the table reflects the change in concentration between the first sample
location (25 feet from the influent) to sample location 8 (200 feet), and it uses 200 mg/L as the concentration at
sample location 1 (25 feet) because the measured concentration at that location was greater than 200 mg/L.

100.00
10.00 = «—_”\
_ N ;-
(@) \
S )
8 —
1.00 AN
) |
Targeted Removal: 80%
0.10
0 50 100 150 200 250
Swale Length (ft)
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Figure D 9-1: HMA gravel effluent to influent ratio (Ce/Ci)
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Figure D 9-2: Example of sample tint
(Photo credit: Evergreen StormH20)

Figure D 9-3: Liner after removal of gravel and fines present below HMA gravel
(Photo credit: Drew Woodruff, City of West Richland)
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Figure D 9-4: HMA gravel erosion from 25-year flow test
(Photo credit: Evergreen StormH20)

Rock moved up swale
side slopes by leaf blower

Figure D 9-5: HMA gravel movement during blower test
(Photo credit: Evergreen StormH20)
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9.1.8 Alternative 2

9.1.8.1 Alternative 2 Materials

Alternative 2, as described in the study QAPP, was comprised of a 7-inch depth of pea gravel. The alternative
also included a 2.5-inch depth of 1.25-inch (for swales with longitudinal slopes of 1% to 2.5%) or 2.5-inch
coarse gravel (for swales with longitudinal slopes of 2.5% to 5%). As described in Alternative 1, the 1.25-inch
gravel was not readily available. A 2-inch crushed basalt was sourced for the test swale, as it was the only
rock available where the full gradation was larger than 1.25-inch gravel. The 2-inch crushed basalt was only
applied on the first 5-10 feet of the test swale to limit erosion at the inlet and limit the quantity of 2-inch
crushed basalt needed.

9.1.8.2 Alternative 2 Water Quality Results and Field Observations

Table D 9-2 and Figure D 9-6 show the results of testing Alternative 2 in the field. While an 80% removal
was achieved between Location 1 and Location 8 (Table D 9-2), which suggests the rock is capable of
achieving the targeted treatment, Alternative 2 did not achieve an 80% reduction of TSS when comparing
the influent to sample location 8 (200 feet) for the potential reasons described herein. As shown by Table D
9-2, the concentrations in the swale remained high during testing and inconsistent percent removals were
achieved. A background sample taken prior to testing indicated that TSS present in the rock was 594 mg/L.
While the pea gravel was thoroughly washed during installation, it is possible that pockets of sediment
remained within the pea gravel as testing began. This hypothesis would explain the high background TSS
and the high concentrations at sample locations 1 (25 feet), 2 (50 feet), and 4 (100 feet) during Event 1.
While the background was expected to be washed out as more water was sent through the test swale, the
concentrations indicated that either the quantity of water was insufficient to fully wash out the background
TSS, or that the annual loads delivered to the swale following each simulated storm event were sufficient to
maintain high concentrations in the swale. These concentrations could have been exacerbated in the
samples by the short-circuiting of flow around the liner, as described in Alternative 1.

Another reason that concentrations in the swale remained high may be related to the depth of flow in the
swale during testing. During the simulated storm events and delivery of the annual load of TSS, which both
routed water to the swale at the water quality design flow rate, flow was not contained within the pea
gravel or treatment rock layer. Figure D 9-7 shows an example of the depth of water in the swale at that
flow rate, which was partly flowing on top of the rock instead of through it. It is possible that the porosity
was too low or that the resistance provided by the pea gravel was high enough that the 7.5 inches of rock
depth was insufficient to contain the depth of the water quality design flow rate. The flow over the top of
the pea gravel likely allowed some TSS to bypass the rock, thereby treating less of the water quality design
flow than a swale that was able to route the full depth of flow through the treatment rock layer. These
findings suggest that if Alternative 2 were used, the swale size would likely need to be increased to route
the full depth of the water quality design flow through the pea gravel.

9.1.8.3 Alternative 2 Rock Movement Testing

In addition to the water quality testing, Alternative 2 was tested for movement of rock during high-flow
events and typical maintenance actions, specifically the use of a leaf blower to remove debris. As
mentioned previously, the first 5-10 feet of the swale was protected with a layer of 2-inch crushed basalt.
The basalt appeared to protect the pea gravel from movement during the 25-year flow test. Minor scouring
of pea gravel at the end of the crushed basalt layer and where the pea gravel met the liner was observed
and is shown in Figure D 9-8. It is thereby anticipated that installations of Alternative 2, especially ones with
steeper slopes (>1%), would need a layer of 2-inch crushed basalt covering the full swale length.

The results of the blower test indicated that use of a leaf blower, applied to exposed pea gravel, would
result in similar or worse displacement of rock to what was observed for Alternative 1. Additionally, a
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recurring observation of the pea gravel was that it was very easily moved if anyone stepped into the swale.
During sampling, boards were used in the swale, similar to the one shown in Figure D 9-8, to reduce
footprints or displacement of the pea gravel when samples were collected. In Figure D 9-9, you can clearly
see the outline of footprints and the board used in the swale (the swale was frequently raked during testing
to maintain an even layer of pea gravel). Moreover, it is anticipated that if a bike or motorized vehicle were
to enter an installation of Alternative 2, a significant amount of pea gravel would be pushed around or out
of the swale. As mentioned for Alternative 1, the TAC for the study voiced a preference for rock that did not
move or leave the swale during the use of a leaf blower, and concerns were voiced during field testing of
Alternative 2 that the ease with which the pea gravel could be moved by foot or other traffic would create a
large amount of effort for maintenance staff. A layer of 2-inch crushed basalt over the swale length would
potentially reduce the movement of the pea gravel from foot traffic, though over time the basalt may be
pushed into the pea gravel layer.

9.1.84

Alternative 2 Conclusion

Alternative 2 was not selected for the final swale alternative because treatment performance goals were
not met. Additionally, field testing indicated that a swale utilizing pea gravel for the treatment rock layer
would need to be upsized to route the depth of the water quality design flow rate through the rock and not
over the top of the swale. Lastly, the mobility of the rock during the 25-year flow and leaf blower test, as
well as from any foot traffic in the swale, suggests that Alternative 2 would result in frequent maintenance

or the need for an additional rock layer over the top of the pea gravel.

Table D 9-2: Alternative 2 (pea gravel) water quality results

Concentration mg/L?

t=0 t=1yr t=2yr t=3yr t=4yr t=5yr
Influent 127 211 123 118 109 127
Location in Swale | Event #1 Event #2 Event #3 Event #4 Event #5 Event #6
25 848 2111 2181 3485 3805 5055
50 694 2242 2340 2415 2399 3297
75 132 1210 908 1440 1797 1202
100 1505 1586 1555 991 2120 774
125 149 935 1184 592 1224 296
150 151 391 548 349 810 352
175 65 116 293 166 356 107
200 112 109 115 33 216 47
% Removal fr‘f: ;22‘::: 12.2% [:58. '65;?]2 6.5% 71.7% | -97.4% | 63.3%
% Removal from 25 feet to 86.8% 94.8% 94.7% 99.0% 94.3% 99.1%
200 feet [44.2%)? [45.6%)? [42.7%)? [83.3%]? [-7.8%]? [76.7%)?

1 Background samples were taken at the end of each alternative during the initial 25-year flow test to understand

what TSS was present in the rock. The background sample for the pea gravel was 594 mg/L.

2 Per TAPE, influent concentrations that are greater than the influent range must be set to the value at the upper end
of the range (200 mg/L for TSS). The value in the table reflects the change in concentration between the first sample
location (25 feet from the influent) to sample location 8 (200 feet), and it uses 200 mg/L as the concentration at
sample location 1 (25 feet) because the measured concentration at that location was greater than 200 mg/L.
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Figure D 9-6: Pea gravel effluent to influent ratio (Ce/Ci)

Figure D 9-7: Alternative 2 flow depth during annual load (delivered at water quality design flow rate)
(Photo credit: Evergreen StormH20)
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Figure D 9-8: Observations of eroded pea gravel following 25-year flow test
(Photo credit: Evergreen StormH20)

Figure D 9-9: Example of footprints and board print in pea gravel
(Photo credit: Evergreen StormH20)

9.1.9 Alternative 3

9.1.9.1 Alternative 3 Materials

Alternative 3, as described in the study QAPP, was comprised of a 7-inch depth of gravel backfill for
drywells. The alternative also included the 2.5-inch depth of 1.25-inch (for swales with longitudinal slopes
of 1% to 2.5%) or 2.5-inch coarse gravel (for swales with longitudinal slopes of 2.5% to 5%), as described in
Alternative 2. The 2-5-inch stabilization layer was not installed on the test swale, as the gravel backfill for
drywell gradation was similar to the 1.25-inch coarse gravel originally proposed for the alternative. The rock
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was also hypothesized to be unlikely to mobilize at the start of testing, which was supported by the 25-year
flow test and maintenance test discussed later in this section.

9.1.9.2 Alternative 3 Water Quality Results and Field Observations

Table D 9-3 and Figure D 9-10 show the results of testing Alternative 3 in the field. While 80% removal of
TSS was not met between the influent and end of the swale, a consistent percent removal was achieved
between the influent and end of the swale, as well as greater than 80% removal between location 1 (25
feet) and location 8 (200 feet). Concentrations appear to be consistently low near the end of the swale for
the first two events and exceed the influent concentration by Event 3, suggesting that treatment would be
maintained for approximately two to three years before maintenance would be required. Additionally,
based on the Ce/Ci data in Figure D 9-10, Alternative 3 appeared to have the most consistent, predictable
pattern (relative to the other alternatives), in that concentrations were reduced over the length of the
swale, with the treatment reduction declining as more years of TSS loading were simulated. The consistency
may have been due to one or a combination of the following:

e Alower background concentration (79.9 mg/L) was measured at the end of the swale before
testing began, and likely was flushed out immediately based on the concentrations at the end of
the swale for Events 1 and 2.

e During testing, no gaps were observed between the liner and sample ports, and as result no
sediment intruded at the sample ports like what was described for Alternative 1.

o The full depth of the water quality event was routed within the depth of gravel backfill for drywells,
allowing for treatment of all the water quality design flow.

While still not meeting the targeted 80% removal of TSS by the end of the swale, the gravel backfill for
drywells appeared to be the most promising option due to the relative consistency of the data and the
proximity of the Ce/Ci data for Event 1 to the targeted 80% removal. The percent removal from location 1
(percent removal calculated between 25 feet and 200 feet) shown in Table D 9-3 is also consistent for
Events 2—6. The consistent percent removal from location 1 indicates that even with TSS accumulating at
the inlet of the swale, the gravel backfill for drywells will limit what leaves the end of the swale. Moreover,
the short-circuiting of flow and TSS along the liner described for Alternative 1 was observed during testing
of Alternative 3. It was anticipated that removal of the liner or replacement of the liner with a rougher or
more permeable barrier would further improve the treatment performance of the gravel backfill for
drywells.

9.1.9.3 Alternative 3 Rock Movement Testing

The gravel backfill for drywells was also tested for movement of rock during high flow events and
application of a leaf blower, as described in Alternative 1. No erosion of rock was observed during the 25-
year flow, as shown in Figure D 9-11. Little to no movement of rock was observed when the leaf blower was
applied to the swale.

9.1.9.4  Alternative 3 Conclusion

While still not meeting the targeted 80% removal of TSS by the end of the swale, the gravel backfill for
drywells appeared to be the most promising option due to the relative consistency of the data and the
proximity of the Ce/Ci data for Event 1 to the targeted 80% removal. The alternative also appeared to
contain the most stable of the gravels tested and little to no movement was observed during the 25-year
flow or leaf blower test. A modified version of Alternative 3 was developed for the final swale alternative.
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Table D 9-3: Alternative 3 (gravel backfill for drywells) water quality results

Concentration mg/L?
t=1yr t=2yr t=3yr t=4yr t=5 year t=6yr
Influent 158 151 102 149 160 133
Location in Swale | Event#1 | Event#2 | Event#3 | Event#4 | Event#5 | Event #6
25 356 1612 5344 6370 8477 8403
50 219 696 2158 2009 1323 3294
75 224 354 1092 1047 811 1595
100 85 199 552 431 473 892
125 70 146 403 358 241 673
150 38 96 190 157 196 297
175 52 78 197 168 140 315
200 66 79 175 232 102 222
% Removal from Influent to
200 feet 58.3% 47.8% -72.1% -55.7% 36.2% -67.1%
% Removal from 25 feet to 81.5% 95.1% 96.7% 96.4% 98.8% 97.4%
200 feet | [67.0%]% | [60.7%]* | [12.5%]> | [-16.0%]? | [48.9%]% | [-11.2%)?

1 Background samples were taken at the end of each alternative during the initial 25-year flow test to

understand what TSS was present in the rock. The background sample for the gravel backfill for drywells was 79.9

mg/L.

2 Per TAPE, influent concentrations that are greater than the influent range must be set to the value at the upper end
of the range (200 mg/L for TSS). The value in the table reflects the change in concentration between the first sample
location (25 feet from the influent) to sample location 8 (200 feet), and it uses 200 mg/L as the concentration at
sample location 1 (25 feet) because the measured concentration at that location was greater than 200 mg/L.
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Figure D 9-10: Gravel backfill for drywells effluent to influent ratio (Ce/Ci)

4ty T AT, Ve AT
Figure D 9-11: Alternative 3 (gravel backfill for drywells) 25-year flow test
(Photo credit: Drew Woodruff, City of West Richland)

9.1.10 Alternative 4

9.1.10.1 Alternative 4 Materials
Alternative 4, as described in the study QAPP, was comprised of 4.5 inches of sand media under 3 inches of
pea gravel. The alternative also included the 2.5-inch depth of 1.25-inch (for swales with longitudinal slopes
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of 1% to 2.5%) or 2.5-inch coarse gravel (for swales with longitudinal slopes of 2.5% to 5%), as described in
Alternative 2. A 2-inch crushed basalt was sourced for the test swale instead of the 1.25-inch coarse gravel
and was only applied on the first 5-10 feet of the test swale for the reasons described for Alternative 2.

9.1.10.2 Alternative 4 Water Quality Results and Field Observations

Table D 9-4 and Figure D 9-12 show the results of testing Alternative 4 in the field. As shown by the
concentrations in Table D 9-4 and Figure D 9-12, Alternative 4 did not achieve 80% reduction of TSS.
However, in comparing the TSS concentration at sample location 1 to sample location 8, an 80% reduction
was observed for Events 3—6, which suggests it is possible to achieve this reduction, but the conditions
described herein likely impacted the results.

As shown Table D 9-4, concentrations are especially high in the swale for Event 1, considering no annual
load had been applied yet, and given the average influent concentration of 109 mg/L. Figure D 9-12
illustrates these high concentrations for Event 1 and shows that, after Event 1, the remaining events follow
a consistent pattern, which also results in concentrations in the swale being above the average influent
concentration starting at sample location 1 (25 feet). Also shown in Table D 9-4 and Figure D 9-12 are
concentrations of samples taken approximately 5 feet after the last sample location in the swale (205 feet).
The concentrations of TSS at 205 feet drop significantly compared to the samples taken at 200 feet. One
hypothesis for why the high concentrations exist in the swale and not beyond the final sample location has
to do with the construction of the sample ports for Alternative 4. In order to limit migration of the sand
media into sample ports, pea gravel was placed around each sample port from the liner to the top of the
swale. After the last sample location, a 7.5-inch-deep pea gravel layer was placed to limit sand media from
leaving the swale. It is possible that the pea gravel layers around each sample port were not thick enough
to limit migration of the sand media into the sample ports, and that the pea gravel buffer at the end of the
swale was thick enough to act as a barrier for the sand media, including any moving along the liner as
described in Alternative 1. As shown in Figure D 9-13, the sand media used in the swale was fine enough
that it could feasibly pass through a thin pea gravel layer. As a result, it is anticipated that the sand media
used in Alternative 4 may be too fine grained for this application.

Another hypothesis for the high concentrations in the swale and significantly lower concentrations after
last sample port is that the water quality design flow partially travelled above the top of the pea gravel (see
description for Alternative 2) until the last sample location, where it appeared to primarily flow out the
bottom of the swale cross-section. Figure D 9-14 shows the end of the swale during one of the simulated
storm events as well as the ponded flow disappearing shortly after the last sample location. It is possible
that the last several feet of pea gravel provided some additional treatment.

9.1.10.3 Alternative 4 Rock Movement Testing

Alternative 4 was also tested for movement of rock during high-flow events as described in Alternative 1, but
was not subjected to the leaf blower test as the top layer was the same as what was used in Alternative 2. As
such, the results of the leaf blower test for Alternative 4 were assumed to be the same as the results for
Alternative 2. During the high-flow test, the same erosion at the end of the 2-inch crushed basalt pad and
along the liner was observed as described for Alternative 2. Additionally, similar issues related to movement
of the rock under foot traffic were experienced as those described for Alternative 2. A layer of 2-inch
crushed basalt over the swale length would potentially reduce the movement of the pea gravel from high
flows, leaf blowers, and foot or other traffic, though over time the basalt may be pushed into the pea gravel
layer.

9.1.10.4 Alternative 4 Conclusion
Alternative 4 was not selected for the final swale alternative because it did not meet treatment
performance goals and was not able to contain the depth of the water quality design flow rate within the
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treatment rock layer. The sand media in the alternative appeared to produce too much resistance for flow
to occur through the media and be fully treated. Based on the water quality results for Alternative 4, it was
also anticipated that the sand media would migrate through or out of the swale over time. Additionally,
field testing suggested it would require a stabilization rock layer over the pea gravel to limit movement of
the rock, and that the size of the swale would need to be increased to contain the depth of the water

quality flow rate in the depth of the pea gravel and sand.

Table D 9-4: Sand plus pea gravel (swale design Alternative 4) water quality results

Concentration mg/L?

t=0 t=1yr t=2yr t=3yr t=4yr t=5yr
Influent 109 119 128 108 108 147
Location in Swale | Event #1 Event #2 Event #3 Event #4 Event #5 Event #6
25 702 1003 916 1029 1000 1200
50 508 1261 1344 1277 1300 1100
75 870 366 325 379 380 390
100 624 962 1401 1270 1300 1300
125 588 408 432 243 240 340
150 523 230 235 228 270 220
175 421 214 173 135 180 140
200 321 296 165 156 160 93
%Removal from Influentto | 55 o0 | 1ag.a% | -284% | -447% | -48.6% | 36.6%
200 feet
% Removal from 25 feet to 54.3% 70.5% 82.0% 84.8% 93.4% 93.1%
200 feet | [-60.5%]? [-47.9%)? [17.6%)? [22.0%)? [19.2%]? [53.3%)?

! Background samples were taken at the end of each alternative during the initial 25-year flow test to understand
what TSS was present in the rock. The background sample for the sand media under pea gravel was 95.75 mg/L.

2 Per TAPE, influent concentrations that are greater than the influent range must be set to the value at the upper end
of the range (200 mg/L for TSS). The value in the table reflects the change in concentration between the first sample
location (25 feet from the influent) to sample location 8 (200 feet), and it uses 200 mg/L as the concentration at
sample location 1 (25 feet) because the measured concentration at that location was greater than 200 mg/L.
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Figure D 9-12: Sand plus pea gravel effluent to influent ratio (Ce/Ci)

Figure D 9-13: Sample of sand media used in Alternative 4
(Photo credit: Drew Woodruff, City of West Richland)

April 2023 Page | 86



Final TER Non-Vegetated Filtration Swale Stormwater Effectiveness Study

-

Figure D 9-14: Flow leaving swale during simulated water quality event for Alternative 4
(Photo credit: Evergreen StormH20)

Figure D 9-15: Test of 25-year flow for Alternative 4 (sand under pea gravel)
(Photo credit: Drew Woodruff, City of West Richland)
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Appendix E — Data Analysis
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TSS Concentrations in Four Swale Alternatives
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Figure E-1 Alternative 1 (HMA) Concentration
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Figure E-2 Alternative 1 (HMA) Concentration



6000

5000

4000

3000

2000

Concentration (mg/L)

1000

0 25 50 75 100 125 150 175 200 225
Swale Length (ft)

—@—Event#1 —A—Event#2 —¢—Event#3 - <—Event#4 —@—Event#5 —+—Event#6

Figure E-3 Alternative 2 (Pea Gravel) Concentrations
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Figure E-4 Alternative 2 (Pea Gravel) Concentrations
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Figure E-5 Alternative 3 (Gravel Backfill for Drywell) Concentration
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Figure E-6 Alternative 3 (Gravel Backfill for Drywell) Concentration
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Figure E-7 Alternative 4 (Sand Pea Gravel) Concentrations
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Figure E-8 Alternative 4 (Sand Pea Gravel) Concentrations



Removal Efficiency of Four Swale Alternatives

Table E-1 Alternative 1 (HMA) Percent Removal

Percent Removal from influent
Location t=0 t=1yr t=2yr t=3yr t=4yr t=5yr
Event #1 Event #2 Event #3 Event #4 Event #5 Event #6 Average
Location 1 -118% -1637% -1231% -3748% -8640% -1347% -2787%
Location 2 -921% -1505% -940% -2803% -2074% -847% -1515%
Location 3 -862% -915% -739% -54% -490% -391% -575%
Location 4 -473% 36% -399% -980% -222% -577% -436%
Location 5 -339% -386% -348% -657% -156% -472% -393%
Location 6 -185% -327% -197% -381% -59% -308% -243%
Location 7 -111% -244% -97% -268% 10% -201% -152%
Location 8 33% -139% 14% -20% 24% -22% -18%
Table E-2 Alternative 2 (Pea Gravel) Percent Removal
Percent Removal from influent
Location t=0 t=1yr t=2yr t=3yr t=4yr t=5yr Average
Event #1 Event #2 Event #3 Event #4 Event #5 Event #6
Location 1 -567% -899% -1680% -2857% -3382% -3884% -2212%
Location 2 -446% -960% -1810% -1949% -2095% -2498% -1627%
Location 3 -4% -472% -641% -1121% -1545% -847% -772%
Location 4 -1084% -650% -1170% -740% -1840% -510% -999%
Location 5 -17% -342% -866% -402% -1020% -133% -463%
Location 6 -19% -85% -347% -196% -642% -177% -244%
Location 7 49% 45% -139% -41% -225% 16% -49%
Location 8 12% 48% 6% 72% -97% 63% 17%
End of Swale 27% 42% -99% 46% 28% 17% 10%




Table E-3 Alternative 3 (Gravel Backfill for Drywell) Percent Removal

Percent Removal from influent
Location t=0 t=1yr t=2yr t=3yr t=4yr t=5yr
Average
Event #1 Event #2 Event #3 Event #4 Event #5 Event #6
Location 1 -125% -970% -5157% -4176% -5183% -6217% -3638%
Location 2 -38% -362% -2023% -1249% -725% -2376% -1129%
Location 3 -42% -135% -974% -603% -405% -1099% -543%
Location 4 46% -32% -443% -189% -195% -570% -231%
Location 5 56% 3% -297% -140% -50% -406% -139%
Location 6 76% 36% -87% -5% -22% -124% -21%
Location 7 67% 48% -94% -13% 13% -137% -19%
Location 8 58% 48% -72% -56% 36% -67% -9%
Table E-4 Alternative 4 (Sand Pea Gravel) Percent Removal
Percent Removal from influent
Location t=0 t=1yr t=2yr t=3yr t=4yr t=5yr
Average
Event #1 Event #2 Event #3 Event #4 Event #5 Event #6
Location 1 -542% -742% -613% -854% -829% -718% -716%
Location 2 -364% -959% -947% -1084% -1107% -650% -852%
Location 3 -695% -208% -153% -252% -253% -166% -288%
Location 4 -470% -708% -991% -1078% -1107% -786% -857%
Location 5 -437% -242% -236% -125% -123% -132% -216%
Location 6 -378% -93% -83% -112% -151% -50% -144%
Location 7 -285% -79% -34% -25% -67% 5% -81%
Location 8 -193% -148% -28% -45% -49% 37% -71%
End of Swale 58% 73% 67% 75% 39% 43% 59%




Velocity of Flow through Four Swale Alternatives

Table E-5 Swale Alternative 1 (HMA) Time Measurements

Event

Time (hh:mm:ss) at Each Location

Start 25 FT 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT
1 0:00:00 - 0:08:00 0:13:00 0:19:00 0:24:00 0:31:00 0:40:00 0:49:00
2 0:00:00 0:02:38 0:07:10 0:12:28 0:18:15 0:24:15 0:30:30 0:37:53 0:46:15
3 0:00:00 0:03:02 0:07:40 0:13:05 0:19:05 0:24:56 0:31:28 0:39:26 0:48:41
4 0:00:00 0:02:56 0:07:26 0:12:49 0:18:40 0:24:36 0:31:26 0:38:40 0:46:55
5 0:00:00 0:02:38 0:06:52 0:11:54 0:17:28 0:22:47 0:28:49 0:35:25 0:43:13
6 0:00:00 - 0:08:08 0:12:28 0:19:28 0:25:05 0:31:23 0:38:58 0:47:40
Average 0:00:00 0:02:49 0:07:33 0:12:37 0:18:39 0:24:16 0:30:46 0:38:24 0:46:57
Table E-6 Swale Alternative 1 (HMA) Velocity
Velocity (ft/s) at Each Sample Location
Event Start 25 FT 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT
1 0.00 - 0.05 0.08 0.07 0.08 0.06 0.05 0.05
2 0.00 0.16 0.09 0.08 0.07 0.07 0.07 0.06 0.05
3 0.00 0.14 0.09 0.08 0.07 0.07 0.06 0.05 0.05
4 0.00 0.14 0.09 0.08 0.07 0.07 0.06 0.06 0.05
5 0.00 0.16 0.10 0.08 0.07 0.08 0.07 0.06 0.05
6 0.00 - 0.05 0.10 0.06 0.07 0.07 0.05 0.05
Average 0.00 0.15 0.08 0.08 0.07 0.07 0.06 0.06 0.05




Table E-7 Swale Alternative 2 (Pea Gravel) Time Measurements

Event Time (hh:mm:ss) at Each Location

Start 25 FT 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT

1 0:00:00 0:03:39 0:07:42 0:11:59 0:15:34 0:20:19 0:25:28 0:31:35 0:39:25

2 0:00:00 0:03:58 0:08:14 0:12:44 0:16:50 0:21:38 0:27:19 0:34:46 0:44:21

3 0:00:00 0:03:31 0:07:38 0:12:11 0:15:58 0:20:51 0:26:54 0:34:40 0:44:32

4 0:00:00 0:03:36 0:07:40 0:11:58 0:15:35 0:20:39 0:26:03 0:31:27 0:39:53

5 0:00:00 0:03:40 0:07:44 0:12:00 0:15:56 0:21:03 0:26:22 0:33:28 0:43:05

6 0:00:00 0:03:30 0:07:14 0:11:13 0:14:39 0:19:27 0:24:00 0:29:13 0:37:43
Average 0:00:00 0:03:39 0:07:42 0:12:01 0:15:45 0:20:39 0:26:01 0:32:31 0:41:30

Table E-8 Swale Alternative 2 (Pea Gravel) Velocity

Event Velocity (ft/s) at Each Sample Location
Start 25 FT 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT
1 0.00 0.11 0.10 0.10 0.12 0.09 0.08 0.07 0.05
2 0.00 0.11 0.10 0.09 0.10 0.09 0.07 0.06 0.04
3 0.00 0.12 0.10 0.09 0.11 0.09 0.07 0.05 0.04
4 0.00 0.12 0.10 0.10 0.12 0.08 0.08 0.08 0.05
5 0.00 0.11 0.10 0.10 0.11 0.08 0.08 0.06 0.04
6 0.00 0.12 0.11 0.10 0.12 0.09 0.09 0.08 0.05
Average 0.00 0.11 0.10 0.10 0.11 0.09 0.08 0.07 0.05




Table E-9 Swale Alternative 3 (Gravel Backfill for Drywells) Time Measurements

Time (hh:mm:ss) at Each Location

Event Start 25 FT 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT
1 0:00:00 - - - - - - - 0:34:00
2 0:00:00 0:02:00 0:06:00 0:10:00 0:14:00 0:18:00 0:23:00 0:28:00 0:32:00
3 0:00:00 0:02:11 0:05:48 0:10:15 0:14:15 0:18:57 0:23:58 0:28:40 0:33:25
4 0:00:00 0:02:31 0:06:14 0:10:47 0:15:01 0:19:46 0:25:03 0:29:58 0:35:12
5 0:00:00 0:02:07 0:05:35 0:09:38 0:13:45 0:18:24 0:23:06 0:27:44 0:32:09
6 0:00:00 0:02:09 0:05:46 0:10:08 0:14:10 0:18:44 0:23:36 0:28:11 0:32:57
Average - 0:02:12 0:05:53 0:10:10 0:14:14 0:18:46 0:23:45 0:28:31 0:33:17
Table E-10 Swale Alternative 3 (Gravel Backfill for Drywells) Velocity
Velocity (ft/s) at Each Sample Location
Event Start 25 FT 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT
1 0.00 - - - - - - - 0.10
2 0.00 0.21 0.10 0.10 0.10 0.10 0.08 0.08 0.10
3 0.00 0.19 0.12 0.09 0.10 0.09 0.08 0.09 0.09
4 0.00 0.17 0.11 0.09 0.10 0.09 0.08 0.08 0.08
5 0.00 0.20 0.12 0.10 0.10 0.09 0.09 0.09 0.09
6 0.00 0.19 0.12 0.10 0.10 0.09 0.09 0.09 0.09
Average - 0.19 0.11 0.10 0.10 0.09 0.08 0.09 0.09




Table E-11 Swale Alternative 4 (Sand Pea Gravel) Time Measurements

Time (hh:mm:ss) at Each Location

Event Start 25 FT 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT
1 0:00:00 0:02:47 0:05:52 0:08:30 0:11:27 0:14:43 0:17:10 0:20:35 0:23:14
2 0:00:00 0:02:41 0:05:41 0:08:07 0:11:08 0:14:14 0:16:41 0:19:56 0:22:33
3 0:00:00 0:02:32 0:05:32 0:07:51 0:10:44 0:13:42 0:16:02 0:19:09 0:21:37
4 0:00:00 0:02:40 0:05:47 0:08:11 0:11:14 0:14:20 0:16:50 0:20:02 0:22:35
5 0:00:00 0:02:30 0:05:24 0:07:45 0:10:35 0:13:37 0:15:57 0:19:06 0:21:38
6 0:00:00 0:02:16 0:05:17 0:07:36 0:10:29 0:13:27 0:15:47 0:18:57 0:21:25
Average 0:00:00 0:02:34 0:05:36 0:08:00 0:10:56 0:14:00 0:16:24 0:19:38 0:22:10
Table E-12 Swale Alternative 4 (Sand Pea Gravel) Velocity
Velocity (ft/s) at Each Location
Event Start 25 FT 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT
1 0.00 0.15 0.14 0.16 0.14 0.13 0.17 0.12 0.16
2 0.00 0.16 0.14 0.17 0.14 0.13 0.17 0.13 0.16
3 0.00 0.16 0.14 0.18 0.14 0.14 0.18 0.13 0.17
4 0.00 0.16 0.13 0.17 0.14 0.13 0.17 0.13 0.16
5 0.00 0.17 0.14 0.18 0.15 0.14 0.18 0.13 0.16
Average 0.00 0.16 0.14 0.17 0.14 0.13 0.17 0.13 0.16




Table E-13 Final Swale Alternative Time Measurements

Event

Time (hh:mm:ss) at Each Location

Start 25 FT 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT

Rinse #1 0:00:00 0:03:39 0:08:40 0:14:10 0:20:01 0:26:48 0:34:33 0:43:25 -
Rinse #2 0:00:00 0:03:42 0:08:32 0:14:32 0:20:50 0:27:19 0:34:55 0:42:45 0:52:40

1 0:00:00 0:03:40 0:08:45 0:14:00 0:20:15 0:26:25 0:33:22 0:40:43 0:51:15

2 0:00:00 0:03:53 0:08:27 0:13:51 0:19:42 0:25:38 0:32:24 0:39:32 -

3 0:00:00 0:03:50 0:09:04 0:14:30 0:20:44 0:27:14 0:34:42 0:42:59 0:52:36

4 0:00:00 0:03:36 0:08:26 0:13:45 0:19:37 0:25:41 0:32:26 0:39:34 0:46:41

5 0:00:00 0:03:39 0:08:32 0:13:57 0:19:57 0:26:04 0:33:02 0:40:33 0:48:47

6 0:00:00 0:03:40 0:08:32 0:13:57 0:19:57 0:26:04 0:32:58 0:40:21 0:48:58
Average 0:00:00 0:03:42 0:08:37 0:14:05 0:20:08 0:26:24 0:33:33 0:41:14 0:50:10

Table E-14 Final Swale Alternative Velocity
Velocity (ft/s) at Each Sample Location
Event
25 ft 50 FT 75 FT 100 FT 125 FT 150 FT 175 FT 200 FT

1 0.11 0.08 0.08 0.07 0.07 0.06 0.06 0.04

2 0.11 0.09 0.08 0.07 0.07 0.06 0.06 -

3 0.11 0.08 0.08 0.07 0.06 0.06 0.05 0.04

4 0.12 0.09 0.08 0.07 0.07 0.06 0.06 0.06

5 0.11 0.09 0.08 0.07 0.07 0.06 0.06 0.05

6 0.11 0.09 0.08 0.07 0.07 0.06 0.06 0.05
Average 0.11 0.08 0.08 0.07 0.07 0.06 0.05 0.05




Manning’s n Verification

Table E-15 Porosity of Gravel Backfill for Drywell

Variable Units | Value

Weight of container Ib 0.675
Weight of rock, container Ib 14

Weight of rock, water, container Ib 17.6

Water density Ib/ft3 | 62.4

Volume of Voids mL 1634

Volume of Container mL | 4000

Porosity % 0.40

Table E-16 Pea Gravel Layer Dimensions

Variable Units Value
porosity % 0.4
b ft 2
Z unitless 3
y ft 0.1
T ft 2.6
Table E-17 GBD Layer Dimensions
Variable Units Value
porosity % 0.41
b ft 2.6
Z unitless 3
y ft 0.25
T ft 4.1

Table E-18 Manning’s n no flow through Pea Gravel

Variable Units Value
R ft 0.205
Vv (ft/s) 0.066
y ft 0.26

z unitless 3

b ft 2.6
Slope (ft/ft) 0.01

Manning's n: 0.7743




Single Ring Infiltrometer Tests

The single ring infiltrometer test was conducted at the test site to estimate average infiltration in the final
swale. A PVC pipe was used to form the single ring infiltrometer. The single ring infiltrometer test was
conducted according to procedures outlined in the 2019 SWMMEW, except a flow meter was not
available, so the time for water in the pipe to fall 1" from a depth of 12" was measured and recorded.
After each measurement, the depth of water was filled to 12" mark. The single ring infiltrometer test was
ended when less than 5% change in time occurred between 3 consecutive measurements (time for water
in pipe to fall 1"). The percent change for measurement #1 reflects the change between measurements
#1 and #2; the percent change for measurement #2 reflects the change between measurements #2 and
#3; and the percent change for measurement #3 reflects the change between measurements #1 and #3
to verify less than 5% change occurred over the duration of the test.

Table E-19 Single Ring Parameters

Internal Pipe Diameter 11.75 | inches
Area 108.43 | sq. in.
Area 0.75 | sf
Depth to Fall 1|in.

Table E-20 Single Ring Infiltration Measurements

Time Time
Measurement | Time (min.) % change (hour) I (in/hr)
#1 35:11.2 35.18 4.2% 0.59 1.71
#2 36:42.7 36.72 -0.5% 0.61 1.63
#3 36:31.5 36.53 3.8% 0.61 1.64
Average 1.66




Statistical Analyses

Normality Tests

Influent Concentrations Normality Test
Normal

Percent
w
[=]

50 75 100 125 150 175
Influent

Figure E-9 Influent Concentrations Normality Test

Location 1 Concentrations Normality Test
Normal

200

99

Percent
w
s
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25

Figure E-10 Sample Location 1 (25 feet) Concentrations Normality Test

700

Mean 121.6
StDev  26.14
N 18
RJ 0.948
P-Value 0.060
Mean 276.5
StDev 176.2
N 6
RJ 0.981
P-Value >0.100



Location 2 Concentrations Normality Test
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Figure E-11 Sample Location 2 (50 feet) Concentrations Normality Test
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Location 3 Concentrations Normality Test
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Figure E-12 Sample Location 3 (75 feet) Concentrations Normality Test

120

140

Mean 126.4
StDev 85.75
N 6
RJ 0.975

P-Value =>0.100

Mean 7n
StDev 281N
N 6
RJ 0.915

P-Value >0,100



Location 4 Concentrations Normality Test
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Figure E-13 Sample Location 4 (100 feet) Concentrations Normality Test
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Location 5 Concentrations Normality Test
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Figure E-14 Sample Location 5 (125 feet) Concentrations Normality Test

125

Mean 61.19
StDev 28.85
N 6
RJ 0.972

P-Value =>0.100

Mean 51.37
StDev 28.22
N 6
RJ 0.939

P-Value >0,100



Location 6 Concentrations Normality Test
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Figure E-15 Sample Location 6 (150 feet) Concentrations Normality Test

Location 7 Concentrations Normality Test
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Figure E-16 Sample Location 7 (175 feet) Concentrations Normality Test

Mean 4018
StDev 16.58
N 6
RJ 0.969

P-Value =>0.100

Mean 33.36
StDev 11.98
N 6
RJ 0.996

P-Value >0,100



Location 8 Concentrations Normality Test
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Figure E-17 Sample Location 8 (200 feet) Concentrations Normality Test

120

Mean 42.07
StDev 21.21
N 6
RJ 0.935

P-Value =>0.100



Two-Sample T-Test Results
Two-Sample T-Test and Cl: Influent, Location 1 (25 feet)

Method

W1: population mean of Influent
W2: population mean of 25
Difference: p; - pz

Equal variances are not assumed for this analysis.

Descriptive Statistics

Sample N Mean StDev SE Mean
Influent 18 121.6 26.1 6.2
25 6 277 176 72

Estimation for Difference

95% Cl for
Difference Difference
-154.9 (-340.5, 30.6)

Test

Null hypothesis Ho: g -pz=0

Alternative hypothesis Hi: py - pz #0
T-Value DF P-Value
-2.15 5 0.085

Two-Sample T-Test and Cl: Influent, Location 2 (50 feet)

Method

H1: population mean of Influent
H2: population mean of 50
Difference: ;- p,

Equal variances are not assumed for this analysis.

Descriptive Statistics

Sample N Mean StDev SE Mean
Influent 18 121.6 26.1 6.2
50 6 1264 85.7 35

Estimation for Difference

95% Cl for
Difference Difference
48 (-96.2,86.5)

Test

Null hypothesis Ho: e -p2=0

Alternative hypothesis Hi:py-p2 20
T-Value DF P-Value
-0.14 5 0.897

Two-Sample T-Test and Cl: Influent, Location 3 (75 feet)

Method

W1: population mean of Influent
W2: population mean of 75
Difference: p; - Hz

Equal variances are not assumed for this analysis.



Descriptive Statistics

Sample N Mean StDev SE Mean
Influent 18 121.6 26.1 6.2
75 6 71.1 28.7 12

Estimation for Difference

95% Cl for
Difference Difference
50.5 (19.1,81.8)

Test

Null hypothesis Ho: g -pz=0

Alternative hypothesis Hi:py-p2 20
T-Value DF P-Value
3.81 7 0.007

Two-Sample T-Test and Cl: Influent, Location 4 (100 feet)

Method

W1: population mean of Influent
H2: population mean of 100
Difference: i, - p,

Equal variances are not assumed for this analysis.

Descriptive Statistics

Sample N Mean StDev SE Mean
Influent 18 121.6 26.1 6.2
100 6 61.2 28.9 12

Estimation for Difference

95% Cl for
Difference Difference
60.4 (28.9,91.8)

Test

Null hypothesis Ho: e -p2=0

Alternative hypothesis Hi: py - pz #0
T-Value DF P-Value
4.54 7 0.003

NORMALITY AND STATISTICALLY SIG DIFF

Two-Sample T-Test and Cl: Influent, Location 5 (125 feet)

Method

W1: population mean of Influent
H2: population mean of 125
Difference: p; - pz

Equal variances are not assumed for this analysis.

Descriptive Statistics

Sample N Mean StDev SE Mean
Influent 18 121.6 26.1 6.2
125 6 51.4 28.2 12

Estimation for Difference

95% Cl for
Difference Difference
70.2 (40.1,100.3)

Test



Null hypothesis Ho: i -p2=0

Alternative hypothesis Hi:py-p2 20
T-Value DF P-Value
537 8 0.001

Two-Sample T-Test and Cl: Influent, Location 6 (150 feet)

Method

W1: population mean of Influent
W2: population mean of 150
Difference: p; - pz

Equal variances are not assumed for this analysis.

Descriptive Statistics

Sample N Mean StDev SE Mean
Influent 18 121.6 26.1 6.2
150 6 40.2 16.6 6.8

Estimation for Difference

95% Cl for
Difference Difference
81.39 (61.62, 101.16)

Test

Null hypothesis Ho: g -pz=0

Alternative hypothesis Hi: py - pz #0
T-Value DF P-Value
8.89 13 0.000

Two-Sample T-Test and Cl: Influent, Location 7 (175 feet)

Method

H1: population mean of Influent
W2: population mean of 175
Difference: ;- p,

Equal variances are not assumed for this analysis.

Descriptive Statistics

Sample N Mean StDev SE Mean
Influent 18 121.6 26.1 6.2
175 6 334 12.0 4.9

Estimation for Difference

95% Cl for
Difference Difference
88.21 (71.75, 104.68)

Test

Null hypothesis Ho: e -p2=0

Alternative hypothesis Hi:py-p2 20
T-Value DF P-Value
11.21 19 0.000

Two-Sample T-Test and Cl: Influent, Location 8 (200 feet)

Method

W1: population mean of Influent
H2: population mean of 200
Difference: p; - pz



Equal variances are not assumed for this analysis.

Descriptive Statistics

Sample N Mean StDev SE Mean
Influent 18 121.6 26.1 6.2
200 6 42.1 27.2 11

Estimation for Difference

95% Cl for
Difference Difference
79.5 (50.2,108.8)

Test

Null hypothesis Ho: e -p2=0

Alternative hypothesis Hi:py-p2 20
T-Value DF P-Value
626 8 0.000




Bootstrapping Tests Results

Bootstrapping for 1-Sample Mean: Location 1 (25 feet)

Bootstrap Histogram for 25
95% Lower Bound

-0.0484 0.1932

250

200

-
wn
i

Frequency

g

50

ST ST e T T T S e T T e e D s

-0.1 0.0 0.1 0.2 03 0.4
Means

Observed Sample

Variable N Mean StDev Variance Sum Minimum Median Maximum

25 3 0191 0364 0.132 0572 20132 0119 0.585
Bootstrap Samples for Mean

Number of 95% Lower Bound

Resamples Mean StDev for p
1000 0.19321 0.16907 -0.04840

0.5




Bootstrapping for 1-Sample Mean: Location 2 (50 feet)

Bootstrap Histogram for 50

95% Lower Bound

0.2939

250

200+

150

Frequency

Observed Sample

0.16 024

Means

0.32

0.40

0.48

Variable N Mean StDev Variance Sum Minimum Median Maximum

50 3 0284 0314

0.099 0.852

Bootstrap Samples for Mean

Number of 95% Lower Bound
Resamples Mean StDev for p
1000 0.29388 0.14497 0.07827

0.010

0.214

0.628

0.56



Bootstrapping for 1-Sample Mean: Location 3 (75 feet)

Bootstrap Histogram for 75
95% Lower Bound

03778

|
——
1

Frequency

0.16 024 032 0.40 0.48 0.56
Means

Observed Sample

Variable N Mean StDev Variance Sum Minimum Median Maximum

75 3 0377 0.265 0.070 1.132 0.153 0.309 0.670
Bootstrap Samples for Mean
Number of 95% Lower Bound

Resamples Mean StDev for p
1000 0.37780 0.11884 0.20493

0.64




Bootstrapping for 1-Sample Mean: Location 4 (100 feet)

Bootstrap Histogram for 100
95% Lower Bound

0.3316 0.4759

200

-
w
[=]

Frequency
8

0.30 0.36 0.42 0.48 0.54 0.60 066 0.72
Means

Observed Sample

Variable N Mean StDev Variance Sum Minimum Median Maximum
100 3 0471 0.216 0.047 1.412 0.295 0.404 0.713

Bootstrap Samples for Mean

Number of 95% Lower Bound
Resamples Mean StDev for p
1000 0.47593 0.10127 0.33160




Bootstrapping for 1-Sample Mean: Location 5 (125 feet)

Bootstrap Histogram for 125

95% Lower Bound

0.5697

250

200

-
w
o

Frequency

E

50-

Observed Sample

Variable N Mean StDev Variance Sum

0.60
Means

0.65

0.70

Minimum Median Maximum

125 3 0.5640 0.1683

Bootstrap Samples for Mean

0.0283 1.6920

0.4379

Number of 95% Lower Bound
Resamples Mean StDev for p
1000 0.56974 0.08114 0.45827

0.4990

0.7551

0.75




Bootstrapping for 1-Sample Mean: Location 6 (150 feet)

Bootstrap Histogram for 150
95% Lower Bound

05849 0.6566

350 1 1

[

m (7
& 8
I 1

g

Frequency

-
w
[=]

8

50

O e e e e e

66 0.69 072 0.75 0.78
Means

0.60 063

Observed Sample

Variable N Mean StDev Variance Sum Minimum Median Maximum
150 3 0.6573 0.1217 0.0148 1.9720 0.5804 0.5940 0.7976

Bootstrap Samples for Mean

Number of 95% Lower Bound
Resamples Mean StDev for p
1000 0.65662 0.05609 0.58493




Bootstrapping for 1-Sample Mean: Location 7 (175 feet)

Bootstrap Histogram for 175
95% Lower Bound

0.7003 0.7507

s

Frequency

]

0.70 0.72 0.74 0.76 0.78 0.80 0.82
Means

Observed Sample

Variable N Mean StDev Variance Sum Minimum Median Maximum
175 3 0.7507 0.0793 0.0063 2.2520 0.6890 0.7229 0.8401

Bootstrap Samples for Mean

Number of 95% Lower Bound
Resamples Mean StDev for p
1000 0.75066 0.03771 0.70030




Bootstrapping for 1-Sample Mean: Location 8 (200 feet)

Bootstrap Histogram for 200
95% Lower Bound

0.8 0.8441

250"

200-

-
w
o

|
1
I
|
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|
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|
I
I

Frequency

E

50-

H [—

0.825 0.840 0.855 0.870
Means

Observed Sample

Variable N Mean StDev Variance Sum Minimum Median Maximum
200 3 0.8440 0.0527 0.0028 2.5320 0.7840 0.8654 0.8826

Bootstrap Samples for Mean

Number of 95% Lower Bound

Resamples Mean StDev for p
1000 0.844080 0.024903 0.811133

0.885
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FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: GBD - Storm 3 - Loc3 Lab Sample ID: 230191-06
Site: City of West Richland Collection Date: 8/26/2022 8:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1100 mg/L 2 jhill LBO17 8/30/2022 13:00
Cust Sample #: GBD - Storm 3 - Loc4 Lab Sample ID: 230191-07

Site: City of West Richland Collection Date: 8/26/2022 8:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 550 mg/L 2 jhill LBO17 8/30/2022 13:00
Cust Sample #: GBD - Storm 3 - Loc5 Lab Sample ID: 230191-08

Site: City of West Richland Collection Date: 8/26/2022 8:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 400 mg/L 2 jhill LBO17 8/30/2022 13:00
Cust Sample #: GBD - Storm 3 - Loc6 Lab Sample ID: 230191-09

Site: City of West Richland Collection Date: 8/26/2022 8:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 190 mg/L 2 jhill LBO17 8/30/2022 13:00
Cust Sample #: GBD - Storm 3 - Loc7 Lab Sample ID: 230191-10

Site: City of West Richland Collection Date: 8/26/2022 8:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 200 mg/L 2 jhill LBO17 8/30/2022 13:00
Cust Sample #: GBD - Storm 3 - Loc8 Lab Sample ID: 230191-11

Site: City of West Richland Collection Date: 8/26/2022 8:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 170 mg/L 2 jhill LBO17 8/30/2022 13:00
Cust Sample #: HMA - Storm 2 - Inf1 Lab Sample ID: 230192-01

Site: City of West Richland Collection Date: 8/26/2022 9:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 200 mg/L 1 jhill LBO17 8/30/2022 13:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: HMA - Storm 2 - Inf2 Lab Sample ID: 230192-02
Site: City of West Richland Collection Date: 8/26/2022 9:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 170 mg/L 1 jhill LBO17 8/30/2022 13:00
Cust Sample #: HMA - Storm 2 - Inf3 Lab Sample ID: 230192-03
Site: City of West Richland Collection Date: 8/26/2022 9:10 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 180 mg/L 1 jhill LBO17 8/30/2022 13:00
Cust Sample #: HMA - Storm 2 - Loc1 Lab Sample ID: 230192-04
Site: City of West Richland Collection Date: 8/26/2022 10:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 3200 mg/L 5 jhill LBO17 8/30/2022 13:00
Cust Sample #: HMA - Storm 2 - Loc2 Lab Sample ID: 230192-05
Site: City of West Richland Collection Date: 8/26/2022 10:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 2900 mg/L 5 jhill LBO17 8/30/2022 13:00
Cust Sample #: HMA - Storm 2 - Loc3 Lab Sample ID: 230192-06
Site: City of West Richland Collection Date: 8/26/2022 10:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1900 mg/L 5 jhill LBO17 8/30/2022 13:00
Cust Sample #: HMA - Storm 2 - Loc4 Lab Sample ID: 230192-07
Site: City of West Richland Collection Date: 8/26/2022 10:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 120 mg/L 5 jhill LBO17 8/30/2022 13:00
Cust Sample #: HMA - Storm 2 - Loc5 Lab Sample ID: 230192-08
Site: City of West Richland Collection Date: 8/26/2022 10:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 890 mg/L 5 jhill LBO17 8/30/2022 13:00
Cust Sample #: HMA - Storm 2 - Loc6 Lab Sample ID: 230192-09
Site: City of West Richland Collection Date: 8/26/2022 10:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 780 mg/L 5 jhill LBO17 8/30/2022 13:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 2 of 3



Cust Sample #: HMA - Storm 2 - Loc7 Lab Sample ID: 230192-10
Site: City of West Richland Collection Date: 8/26/2022 10:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 630 mg/L 5 jhill LBO17 8/30/2022 13:00
Cust Sample #: HMA - Storm 2 - Loc8 Lab Sample ID: 230192-11
Site: City of West Richland Collection Date: 8/26/2022 10:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 440 mg/L 5 jhill LBO17 8/30/2022 13:00
Cust Sample #: GBD - Storm 4 - Inf1 Lab Sample ID: 230193-01
Site: City of West Richland Collection Date: 8/29/2022 7:45 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 160 mg/L 1 jhill LBO17 8/30/2022 13:00
Cust Sample #: GBD - Storm 4 - Inf2 Lab Sample ID: 230193-02
Site: City of West Richland Collection Date: 8/29/2022 7:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 150 mg/L 1 jhill LBO17 8/30/2022 13:00
Cust Sample #: GBD - Storm 4 - Inf3 Lab Sample ID: 230193-03
Site: City of West Richland Collection Date: 8/29/2022 7:55 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 140 mg/L 1 jhill LBO17 8/30/2022 13:00
QC Results
QCBatch ID QcCID Parameter % Recovery / RPD Control Limits
LBO17 230191-06: Replicate 1 Total suspended solids 1.9497 0-5
230192-11: Replicate 2 Total suspended solids 0.0343 0-5
LCS 1 Total suspended solids 96.9 77.1-110
MB 1 Total suspended solids -0.71 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: m%

M Turner, Laboratory Manager

23-Sep-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058
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Sample Receipt Form

Company Name: _ C {tw. of Wl (24 cliaq
- X

Customer Contact: I 2o Woodvunke

Tumaround time:  Nommally  Rush o o days

Samples Received via:  Fedex r UPSa USPSo Customer¥Xs  Othero

Number of coolers/boxes: 2. Type of Ice: Ice Cubes ™ Ice Packs Dry Ice c: Noner

Sample(s) Temp as Read (*Cy"_ Corrected Temp Cy. —

Chain of Custody Present? Q@ No N/A
Samples Received Intact? ¥ed No N/A
Samptles Received within hold time? Fes) No N/A
40 mL Vials Free of Headspace? Yes No l’ﬁm
40 mL Vials Trip blank Present? Yes No (N/A

Samples Properly Preserved? Yes No fﬁ/‘A
Bottle Labels and C.O.C/WSI Agree? Vis) No N/A

Total Number of Bottles Received? =

Chain of Custody Fully Completed? “Yes JNo N/A
Correct bottles/containers Received? (Yes ) No N/A
ENW Bottles Used? Ye

Preservatives for botties/containers-

Date/Time:_o6{2al21- 1St

Thermometer ID: ——

Comments:

NA

Comments:

Work. svders 22010 , ZHDVAL DBDUE AN AT 18

Received by: /\‘"/_’9"%71'*)”' Date/Time: DAl 22 1< 1o

Page lof1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone:509-377-8058  Fax: 509-377-8464




Accourst information Proiect 1D

A

Mailing Address: 3}00 Celim~vona Biva

Wik Cictrtaantd, WA 443573
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Receive lnvoice: [] Hard Copy 80 Ematl Heaive Report, [ Hard Copy [ Emai
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02

Sample identification
{Location, Mame, Code, eto}
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~Lock

Heing duly authorized and emy wr] by Cust
Print f
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Accepted by lab: ,Q’ %

Paymont Type {cicfe) I} Pait
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isction soliection . E
co;}ale (’?slme Hatrix g ﬁ
A 7xB Ll N
t 250 1V K
755 <
g.d9 3
| R
Pa
o
pas
e
o
</ + J/ y 79

balow, Custome: o

Date / Time

Received by,
¥/ 1505
Received by,

98/ 260) 20 1= 10
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§
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BW - Drinking Water
GO0
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Fivyes [ Neo
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Comments
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 ENERGY
/ NORTHWEST =

Sample Receipt Form

Customer Contact: wa ngo\m@_\c_

Tumnaround time:  Normally  Rush o .da':ys
Samples Received via:  Fedex i UPSo USPS o Customer¥ Othera:

Number of coolersboxes: ~ 2 T ype of fee: fee Cubes M IcePacks o1 Dry lee s None o

Sample(s) Tenip as Read (*Cy._ Corrected Temp (*Cy_"  Thermometer i, -
- Comments:

Chain of Custody Present? Yes) No N/A

Samples Received Intact? Yed No NA

Samples Received within hold time? ¥es) No N/A

40 mL Vials Free of Headspace? Yes No (N/A

40 mL Vials Trip blank Present? Yes No (N/A)

Samples Properly Preserved? Ye N/

Bottle Labels and C.0.C/WSI Agree? {Yes N/A

Total Number of Bottles Received?

Chain of Custody Fully Completed?

Correct bottles/containers Received?

ENW Bottles sed?

Preservatives for bottles/containers:

NAe

Comments:

Work. evders 250140 , ZBEVVAL LRDAD O Al T (45

Received by: /éf‘g/ﬁ)zﬁ}; Date/Time: Df?[l”l IZ‘L LS (D

Page 1of1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone:509-377-8058  Fax: 509-377-8464



FRERGT MOHTHANEST

* PRECISION LABS

Report of Analysis

For: City of West Richland

3801 Van Giesen

W Richland, WA 99353

Attn: Drew Woodruff
Cust Sample #: GBD - Storm 5 - Inf2 Lab Sample ID: 230195-02
Site: City of West Richland Collection Date: 8/29/2022 12:10 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 170 mg/L 1 tkroupa  LBO19 8/31/2022 13:00
Cust Sample #: GBD - Storm 5 - Inf3 Lab Sample ID: 230195-03
Site: City of West Richland Collection Date: 8/29/2022 12:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 140 mg/L 1 tkroupa  LBO19 8/31/2022 13:00
Cust Sample #: GBD - Storm 5 - Loct Lab Sample ID: 230195-04
Site: City of West Richland Collection Date: 8/29/2022 12:45 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 8500 mg/L 20 tkroupa  LBO19 8/31/2022 13:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LBO019 230195-04: Replicate 2 Total suspended solids 1.1984 0-5
230207-07: Replicate 1 Total suspended solids 3.9123 0-5
LCS 1 Total suspended solids 96.0 77.1-110
MB 1 Total suspended solids -0.57 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: @(‘5"@*’3%

M Turner, Laboratory Manager

23-Sep-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 1



| Environmental Services
m Services Sales Order / Chain of Custody 350 Hills Street Suite 107, Richland, WA 98354
Phone: 509-377.8058 FAX:  508-377-8464
Project 1 Order ID: Requested Tests
aame: - %ﬁ."‘:" 6
WO Rush TAT
LA q449357% Yo KO Forde %
-7 %
“Matrix: Soli?izgtiz g 2 Drinking ggf:; g Waste Water: J E
Lab Use Customer gamp:e b1 Cotlection Collection »Mateix g
Onhr riiaue identifier or code} Date Tite = Comments
Pl LRD-¢ry o -TalA 4 13:05 , Wil
o2 —TAlD> | o e vefandAG o7 vrorrre «
032 —Ta 23 13215 ¢ o tomd s o A4 b
ot ~Loc 4 o LoudE
ot —i.or2 .
Dls -t 3 J
o1 - e
D% Lo’
o4 -l ocle
io ~L e
L Lok % Y & v
-
Customer to and the termns on the reverse side of this form.
Customer Signatire/Dake Name/Title/Tefephone No.
5 natipe Sampie Congitions at recaipt:
903«2.. SL 05 Received by: Temperature {circde):
Refinquished by: Received by: Containers intact/Lids tight 11
by Lab: Labels match o : 1
26334 R1 o Page tof2



S ENERGY
'NORTHWEST

Sample Receipt Form
Company Name: _ C b of Wesl 0 chiand Date/Time; ©8]24l21 1S: to
- 4

Customer Contact: _ D‘(hu __Wooa‘{ ke

Tumaround time:  Nommall  Rushn _ days
Samples Received via:  Fedex UPSt USPSa  Customer¥  Othero: . o

Number of coolers/boxes: 2. Type of Toe: Tee Cubes M. Ice Packs Dry fce rr Nonen

Sample(s) Temp as Read {F°CY ™ Corrected Temp (°C). ™ Thermometer b, — )
_ e Comments:

Chain of Custod’y Present? LXest No N/A :

Samples Received Intact? ¥ed No N/A

Samples Received within hold time? Fes? No N/A

40 mL Vials Free of Headspace? Yes No (N/A)

40 mL Vials Trip biank Present? Yes No (N/A

Samples Properly Preserved? Yes No (N/

Bottle Labels and C.0.C/WSI Agree? \’Y’cs No N/A

Total Number of Bottles Received? _"5” )

Correct bottles/containers Received? (Ves ) No  N/A

Chain of Custody Fully Completed? Y‘c:sii\lo N/A

ENW Bottles Used? (? /’\To unkn

Preservatives for bottles/containers:
NAc

Comments:

Work. ovdert 220141 , EEDVAL | 2B0AAD Al 23 ek

l

Received by: /Q%Q—” Date/Time: 95‘2‘1!2,1 IS 1o

Page 1of 1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone:505-377-8058  Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: GBD - Storm 5 - Loc2 Lab Sample ID: 230195-05
Site: City of West Richland Collection Date: 8/29/2022 12:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1300 mg/L 5 jhill LB020 9/1/2022 8:00
Cust Sample #: GBD - Storm 5 - Loc3 Lab Sample ID: 230195-06

Site: City of West Richland Collection Date: 8/29/2022 12:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 810 mg/L 5 jhill LB020 9/1/2022 8:00
Cust Sample #: GBD - Storm 5 - Loc4 Lab Sample ID: 230195-07

Site: City of West Richland Collection Date: 8/29/2022 12:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 470 mg/L 5 jhill LB020 9/1/2022 8:00
Cust Sample #: GBD - Storm 5 - Loc5 Lab Sample ID: 230195-08

Site: City of West Richland Collection Date: 8/29/2022 12:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 240 mg/L 5 jhill LB020 9/1/2022 8:00
Cust Sample #: GBD - Storm 5 - Loc6 Lab Sample ID: 230195-09

Site: City of West Richland Collection Date: 8/29/2022 12:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 200 mg/L 2 jhill LB020 9/1/2022 8:00
Cust Sample #: GBD - Storm 5 - Loc7 Lab Sample ID: 230195-10

Site: City of West Richland Collection Date: 8/29/2022 12:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 140 mg/L 5 jhill LB020 9/1/2022 8:00
Cust Sample #: GBD - Storm 5 - Loc8 Lab Sample ID: 230195-11

Site: City of West Richland Collection Date: 8/29/2022 12:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 100 mg/L 5 jhill LB020 9/1/2022 8:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: HMA - Storm 4 - Inf1 Lab Sample ID: 230201-01
Site: City of West Richland Collection Date: 8/30/2022 8:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 1 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 4 - Inf2 Lab Sample ID: 230201-02
Site: City of West Richland Collection Date: 8/30/2022 8:25 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 1 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 4 - Inf3 Lab Sample ID: 230201-03
Site: City of West Richland Collection Date: 8/30/2022 8:30 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 90 mg/L 1 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 4 - Loc1 Lab Sample ID: 230201-04

Site: City of West Richland Collection Date: 8/30/2022 9:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 3900 mg/L 10 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 4 - Loc2 Lab Sample ID: 230201-05

Site: City of West Richland Collection Date: 8/30/2022 9:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 2900 mg/L 10 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 4 - Loc3 Lab Sample ID: 230201-06

Site: City of West Richland Collection Date: 8/30/2022 9:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 150 mg/L 5 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 4 - Loc4 Lab Sample ID: 230201-07

Site: City of West Richland Collection Date: 8/30/2022 9:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1100 mg/L 10 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 4 - Loc5 Lab Sample ID: 230201-08

Site: City of West Richland Collection Date: 8/30/2022 9:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 760 mg/L 10 jhill LB020 9/1/2022 8:00

350 Hills Street suite 107

RiCthﬂd, WA 99354 Poge 20f3

509-377-8058



Cust Sample #: HMA - Storm 4 - Loc6 Lab Sample ID: 230201-09
Site: City of West Richland Collection Date: 8/30/2022 9:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 480 mg/L 10 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 4 - Loc7 Lab Sample ID: 230201-10
Site: City of West Richland Collection Date: 8/30/2022 9:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 370 mg/L 10 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 4 - Loc8 Lab Sample ID: 230201-11
Site: City of West Richland Collection Date: 8/30/2022 9:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 120 mg/L 5 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 5 - Inf1 Lab Sample ID: 230202-01
Site: City of West Richland Collection Date: 8/30/2022 12:30 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 140 mg/L 1 jhill LB020 9/1/2022 8:00
Cust Sample #: HMA - Storm 5 - Inf2 Lab Sample ID: 230202-02
Site: City of West Richland Collection Date: 8/30/2022 12:35 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 98 mg/L 1 jhill LB020 9/1/2022 8:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB020 230195-10: Replicate 1 Total suspended solids 1.103 0-5
230201-05: Replicate 2 Total suspended solids 3.9582 0-5
LCS 1 Total suspended solids 88.45 77.1-110
MB 1 Total suspended solids -0.42 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: m%

M Turner, Laboratory Manager

28-Sep-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 3 of 3



| Environmental Services
m Services Sales Order / Chain of Custody 350 Hills Street Suite 107, Richland, WA 98354
Phone: 509-377.8058 FAX:  508-377-8464
Project 1 Order ID: Requested Tests
aame: - %ﬁ."‘:" 6
WO Rush TAT
LA q449357% Yo KO Forde %
-7 %
“Matrix: Soli?izgtiz g 2 Drinking ggf:; g Waste Water: J E
Lab Use Customer gamp:e b1 Cotlection Collection »Mateix g
Onhr riiaue identifier or code} Date Tite = Comments
Pl LRD-¢ry o -TalA 4 13:05 , Wil
o2 —TAlD> | o e vefandAG o7 vrorrre «
032 —Ta 23 13215 ¢ o tomd s o A4 b
ot ~Loc 4 o LoudE
ot —i.or2 .
Dls -t 3 J
o1 - e
D% Lo’
o4 -l ocle
io ~L e
L Lok % Y & v
-
Customer to and the termns on the reverse side of this form.
Customer Signatire/Dake Name/Title/Tefephone No.
5 natipe Sampie Congitions at recaipt:
903«2.. SL 05 Received by: Temperature {circde):
Refinquished by: Received by: Containers intact/Lids tight 11
by Lab: Labels match o : 1
26334 R1 o Page tof2



S ENERGY
'NORTHWEST

Sample Receipt Form
Company Name: _ C b of Wesl 0 chiand Date/Time; ©8]24l21 1S: to
- 4

Customer Contact: _ D‘(hu __Wooa‘{ ke

Tumaround time:  Nommall  Rushn _ days
Samples Received via:  Fedex UPSt USPSa  Customer¥  Othero: . o

Number of coolers/boxes: 2. Type of Toe: Tee Cubes M. Ice Packs Dry fce rr Nonen

Sample(s) Temp as Read {F°CY ™ Corrected Temp (°C). ™ Thermometer b, — )
_ e Comments:

Chain of Custod’y Present? LXest No N/A :

Samples Received Intact? ¥ed No N/A

Samples Received within hold time? Fes? No N/A

40 mL Vials Free of Headspace? Yes No (N/A)

40 mL Vials Trip biank Present? Yes No (N/A

Samples Properly Preserved? Yes No (N/

Bottle Labels and C.0.C/WSI Agree? \’Y’cs No N/A

Total Number of Bottles Received? _"5” )

Correct bottles/containers Received? (Ves ) No  N/A

Chain of Custody Fully Completed? Y‘c:sii\lo N/A

ENW Bottles Used? (? /’\To unkn

Preservatives for bottles/containers:
NAc

Comments:

Work. ovdert 220141 , EEDVAL | 2B0AAD Al 23 ek

l

Received by: /Q%Q—” Date/Time: 95‘2‘1!2,1 IS 1o

Page 1of 1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone:505-377-8058  Fax: 509-377-8464



Environmental Services

Services Sales Order / Chain of Custody 350 Hills Street Suite 107, Richland, WA 99354

On
SN

Phone: 509-377-8058 FAX: 509.377-8464
roject 1D Order ID: Requested Tests
name: ol D20\
Mddress: 300 Belwbt Elod Rush TAT
Wit Grcaand, Lua 44355 YE1 RO # ofdays %
Emath /et 8 A\t v Ll o @ - & - §
- . NPDES: LI = Drinking waler: 3 Waste Water: 1 o
Matrix: Solid waste: [ Other: 13
Lab tise Customer Sample 1D Collection Collection *Matrix
Onlv fUnioue identifier or code} pate Time Comments
o1 WAL - Cxpvanti— ToACL /3 €30« LoD [ Pleose inddsr QA/0C
-T.02 1€ a 7~ vietd AL o lvrpevy
b2 : ~ T3 Q. Wa el Covidtmt driant A i1
oM —lon A 166, » e oo 70
oS Y Taa N e
Ol. —\ood P ~
1 "'f,b = >o
bR oG ¥
o4 Aol b
o et el
h ¥ - Lok v =Y ¥ &
Customer to and the terms on the reverse side of this form.
Customner Sigrature/ Date Name/Title/Tetephone No.
by: ' Received by: Temperature {drde):
t Cold Frozen
Redingyuished y: Received by Cortainers intact/Lids tight [7
vials without headspace: [
by Lab: L i Labels match cu B

26334 Rt



ENERGY

NORTHWEST
Sample Receipt Form
: Lo 154
Company Name: i{'\,{t of Weet Dydnland Date/Time: 0dPww 122 Hetog qu\q;b
Customer Contact: Wvew> Woo dvife
Tumnaround time:  Normally  Rush o days
Samples Received via:  Fedexn UPSw USPS o Customery®  Otheri:
Number of coofers/boxes: | . Type of Ice: Ice Cubes v Tee Packs & Dry Ice 1 Nonc}'{
Sample(s) Temp as Read (°C): —  Corrected Temp (°C):__ —  Thermometer ID:
s Comments:

Chain of Custody Present? Yes) No N/A

Samples Received Intact? s) No N/A

Samples Received within hold time? (Yes) No N/A

40 mL Vials Free of Headspace? Yes

40 ml. Vials Trip blank Present? Yes

Samples Properly Preserved? Yes

Bottle Labels and C.O.C/WSI Agree? Y

Total Number of Bottles Received?

Chain of Custody Fully Comploted? N/A

Correct bottles/containers Received? N/A

ENW Bottles Used? unkn
Preservatives for bottles/containers:

N
Comments:
Worl odervs, 220201 220200 V%0003

Received by: A@éﬁ‘ Date/Time: ‘Dbl 350 I_‘Z;L S5

Page 1of 1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone:509-377-8058  Fax: 509-377-8464



O

Services Sales Order / Chain of Custody

Project ID
fHAFAe: gL
address: 20D Blnovd Grud Rush TAT
Wesy Ixcmand, LwA- 993853 vO N O # of doys
WEA VR - 7~ 39
“Matrix: water: 75
Lab tse entiier L *Matrix
nl BMA-Orern6-T 1330 g
02 Al 13235
02, ~Tnly PRIV
DL, 9L |
bls ~Loel
b7 - g
oR LIS
o4 ~—{aclp
(0 "‘*i "}/:‘?
u “Lﬁi.g
{v IS ’ J
Customer to and
Customer Signature/ Date Nama/Title/Telephone No.
by: s ?/?0 /> 19 i g Received by:
2efinguistied by: ’ Reteived by:
by tabr ")-,D ‘ ié;' QL;
26334 R1

Environmental Services
350 Hills Street Suite 107, Richiand, WA $9354
Phone: 509-377-8058 FAX: 508-377-8464

eriD: Reqguested Tests
2202072
£
2
B
Comments
iR -
[ w veswlts o/ veouvie +
”* Brap aad X b
x Yoo @
R NI €A DIAANLS . L
" 4
»
~
>
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x.
I

the terms on the reverse side of this form.

at
Temperature (drele):
Ambient Frozen
Containers intactyLids tightt O
vials without hearspace: 7
Labels makch custody:

Tof2



" ENERGY 4
.7 NORTHWEST oAy
Sample Receipt Form
_ 1515
Company Name: CI'["‘...{\ ol Week Lidhland Date/Time: Dﬁl‘l@h’?" ‘eog D%\"?’O\}bb

Tumaround time:  Normal ¥  Rush o _days

Samples Received via: Fedéxo UPS o USPS ¢z Cu’smmer}y} Other 1

Number of coolers/boxes: ] ______ Type of Ice: fce Cubes 3 Toe Packs o Dry Ice 1 None;@'
Sample(s) Temp as Read (*C)_—__ Corrected Temp (°C)._—  Thermometer ID:

Comments:

Chain of Custody Present? (Yes) No N/A

Samples Received Intact? Yes) No N/A
Samples Received within hold time?  (Yes, No N/A
40 mL Vials Free of Headspace? Yes_(NgS (TR
40 mL Vials Trip blank Present? Yes @ NIA
Samples Properly Preserved? Yes No (N/A
Bottle Labels and C.0.C/WST Agree? No N/&
Total Number of Botties Received? 25

Chain of Custody Fully Completed? (Ye5) No N/A
Correct bottles/containers Received? ¥es) No N/A
ENW Bottles Used? No unkn

Preservatives for bottles/containers:

NG

Comments:

WWoa-|. o eyg,  22D20) LA ( LBD2D3

Received by: A@Q&' Date/Time: ‘Diﬁ( Zyo[LL S5

Page 1of 1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone:503-377-8058  Fax: 509-377- 8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: GBD - Storm 6 - Loc8 Lab Sample ID: 230204-11
Site: City of West Richland Collection Date: 8/30/2022 11:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 220 mg/L 5 jhill LB022 9/6/2022 8:00
Cust Sample #: GBD - Storm 6 - end Lab Sample ID: 230204-12

Site: City of West Richland Collection Date: 8/30/2022 11:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 5 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - Inf1 Lab Sample ID: 230208-01

Site: City of West Richland Collection Date: 8/31/2022 7:05 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 160 mg/L 1 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - Inf2 Lab Sample ID: 230208-02

Site: City of West Richland Collection Date: 8/31/2022 7:10 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 1 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - Inf3 Lab Sample ID: 230208-03

Site: City of West Richland Collection Date: 8/31/2022 7:15 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 94 mg/L 1 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - Loc1 Lab Sample ID: 230208-04

Site: City of West Richland Collection Date: 8/31/2022 7:45 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1800 mg/L 10 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - Loc2 Lab Sample ID: 230208-05

Site: City of West Richland Collection Date: 8/31/2022 7:45 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1200 mg/L 10 jhill LB022 9/6/2022 8:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: HMA - Storm 6 - Loc3 Lab Sample ID: 230208-06
Site: City of West Richland Collection Date: 8/31/2022 7:45 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 620 mg/L 10 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - Loc4 Lab Sample ID: 230208-07
Site: City of West Richland Collection Date: 8/31/2022 7:45 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 860 mg/L 10 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - Loc5 Lab Sample ID: 230208-08

Site: City of West Richland Collection Date: 8/31/2022 7:45 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 730 mg/L 20 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - Loc6 Lab Sample ID: 230208-09

Site: City of West Richland Collection Date: 8/31/2022 7:45 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 520 mg/L * 20 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - Loc7 Lab Sample ID: 230208-10

Site: City of West Richland Collection Date: 8/31/2022 7:45 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 380 mg/L 20 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - Loc8 Lab Sample ID: 230208-11

Site: City of West Richland Collection Date: 8/31/2022 7:45 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 150 mg/L 10 jhill LB022 9/6/2022 8:00
Cust Sample #: HMA - Storm 6 - end Lab Sample ID: 230208-12

Site: City of West Richland Collection Date: 8/31/2022 7:45 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 120 mg/L 10 jhill LB022 9/6/2022 8:00

350 Hills Street suite 107

RiCthﬂd, WA 99354 Poge 20f3

509-377-8058



QC Results

QCBatch ID QClID Parameter % Recovery / RPD Control Limits

LB022 230204-12: Replicate 1 Total suspended solids 1.0118 0-5
230208-09: Replicate 2 Total suspended solids 15.91 0-5
LCS 1 Total suspended solids 107.15 77.1-110
MB 1 Total suspended solids -0.36 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.

Other QC within acceptable range. Samples reported without qualification.

Approved: @(‘5"@*’3% 23-Sep-22

M Turner, Laboratory Manager

350 Hills Street suite 107
Richland, WA 99354
509-377-8058
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Sample Receipt Form
: _ 1o 1 ok
Company Namé: Cll“\.{ ol Week Padnland Date/Time: Dﬁb@\’}f} bt N ls\w\'lj’

Customer Contact: Dvw Wo bV (:‘5: _

days

Tumaround time;  NomalY  Rush o B

Samples Received via:  Fedexo UPS o USPS Customer  Other

Number of coolers/boxes: %f . Type of Ice: Ice Cubes o Tee Packs 1 Dry Iee o3 None;@’

Sample(s) Temp as Read (°C)_—_ Corrected Temp (°Cy.__—  Thermometer ID: .~ -
o - Comments:

Chain of Custody Present? Li\__’__es No N/A

Samples Received Intact? \Yes) Ne N/A

Samples Received within hold time? . NG "N/AT

40 mL Vials Free of Headspace? Yes ! zs@ ®7A)

40 mL Vials Trip blank Present? Yes M

Samples Properly Preserved? Y&S fA

Bottle Labels and C.0.C/WSI Agree? @ No Nf
Total Number of Bottles Received?

Chain of Custody Fully Completed? @ No N/A
Cortect bottles/containers Received? es ) No N/A
ENW Bottles Used? &es ) No unkn

Preservatives for bottles/containers:

N

Comments:

Worlk od e, 230201 230200 10003

Received by: A@%@W Date/Time; DEJIBD!?/L S5 _

Page Lofl Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone:509-377-8058  Fax: 500-377-8464
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NORTHWEST e
Sample Receipt Form
Company Name: C\‘\'bh, of Wogh Q&d’\w Date/Time: DBI>112:2- A,
Customer Contact: D(‘m WDOAFLMC(;
Tumaround time: Normal\g/ Rushor  days

Samples Received via:  Fedexa UPSc USPS o Customeryd  Other o:

Number of coolers/boxes: . Type of fce: Iee Cubes 13 Tce Packs @ Dry fce rn None 5

Sample(s) Temp as Read (°C):_—  Corrected Temp (°C): — ~  Thermometer ID:

Comments:

Chain of Custody Present? " VYes) No N/A

Samples Received Intact? Yes) No N/A

Samples Received within hold time? ( Yes) No M

40 mL Vials Free of Headspace? es No(N/A

40 mi. Vials Trip blank Present? Yes No A

Samples Properly Preserved? No %

Bottle Labels and C.0.C/WSI Agree? @ No N/A

Total Number of Bottles Reccived? 17

Chain of Custody Fully Compileted? CYésd No  N/A
Correct botties/containers Received? @ No N/A
ENW Bottles Used? (Yes) No unkn

Preservatives for bottles/containers:

Commenis:

Received by: /4.4/%@‘* Date/Time: D'ﬂv[?pil?ﬂz Lol

Page lof 1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone: 505-377-8058  Fax: 509-377-8464




FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: HMA - Storm 5 - Inf3 Lab Sample ID: 230202-03
Site: City of West Richland Collection Date: 8/30/2022 12:40 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 92 mg/L 1 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: HMA - Storm 5 - Loc1 Lab Sample ID: 230202-04

Site: City of West Richland Collection Date: 8/30/2022 1:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 9700 mg/L 20 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: HMA - Storm 5 - Loc2 Lab Sample ID: 230202-05

Site: City of West Richland Collection Date: 8/30/2022 1:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 2400 mg/L 10 tkroupa  LB021 9/2/2022 8:00
Cust Sample #: HMA - Storm 5 - Loc3 Lab Sample ID: 230202-06

Site: City of West Richland Collection Date: 8/30/2022 1:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 660 mg/L 5 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: HMA - Storm 5 - Loc4 Lab Sample ID: 230202-07

Site: City of West Richland Collection Date: 8/30/2022 1:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 360 mg/L 5 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: HMA - Storm 5 - Loc5 Lab Sample ID: 230202-08

Site: City of West Richland Collection Date: 8/30/2022 1:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 280 mg/L 5 tkroupa  LB021 9/2/2022 8:00
Cust Sample #: HMA - Storm 5 - Loc6 Lab Sample ID: 230202-09

Site: City of West Richland Collection Date: 8/30/2022 1:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 180 mg/L 2 tkroupa  LBO021 9/2/2022 8:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: HMA - Storm 5 - Loc7 Lab Sample ID: 230202-10

Site: City of West Richland Collection Date: 8/30/2022 1:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 100 mg/L 2 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: HMA - Storm 5 - Loc8 Lab Sample ID: 230202-11

Site: City of West Richland Collection Date: 8/30/2022 1:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 84 mg/L 1 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: HMA - Storm 5 - end Lab Sample ID: 230202-12

Site: City of West Richland Collection Date: 8/30/2022 1:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 96 mg/L 1 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: GBD - Storm 6 - Inf1 Lab Sample ID: 230204-01

Site: City of West Richland Collection Date: 8/30/2022 10:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 170 mg/L 1 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: GBD - Storm 6 - Inf2 Lab Sample ID: 230204-02

Site: City of West Richland Collection Date: 8/30/2022 10:25 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 1 tkroupa  LB021 9/2/2022 8:00
Cust Sample #: GBD - Storm 6 - Inf3 Lab Sample ID: 230204-03

Site: City of West Richland Collection Date: 8/30/2022 10:30 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 100 mg/L 1 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: GBD - Storm 6 - Loc1 Lab Sample ID: 230204-04

Site: City of West Richland Collection Date: 8/30/2022 11:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 8400 mg/L 20 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: GBD - Storm 6 - Loc2 Lab Sample ID: 230204-05

Site: City of West Richland Collection Date: 8/30/2022 11:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 3300 mg/L 10 tkroupa  LBO021 9/2/2022 8:00

350 Hills Street suite 107

RiCthﬂd, WA 99354 Poge 20f3

509-377-8058



Cust Sample #: GBD - Storm 6 - Loc3

Lab Sample ID:

230204-06

Site: City of West Richland Collection Date: 8/30/2022 11:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1600 mg/L 10 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: GBD - Storm 6 - Loc4 Lab Sample ID: 230204-07
Site: City of West Richland Collection Date: 8/30/2022 11:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 890 mg/L 10 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: GBD - Storm 6 - Loc5 Lab Sample ID: 230204-08
Site: City of West Richland Collection Date: 8/30/2022 11:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 670 mg/L 5 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: GBD - Storm 6 - Loc6 Lab Sample ID: 230204-09
Site: City of West Richland Collection Date: 8/30/2022 11:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 300 mg/L 5 tkroupa  LBO021 9/2/2022 8:00
Cust Sample #: GBD - Storm 6 - Loc7 Lab Sample ID: 230204-10
Site: City of West Richland Collection Date: 8/30/2022 11:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 320 mg/L 3 tkroupa  LB021 9/2/2022 8:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB021 230202-07: Replicate 1 Total suspended solids 0.406 0-5
230204-06: Replicate 2 Total suspended solids 0.0314 0-5
LCS 1 Total suspended solids 84.0 77.1-110
MB 1 Total suspended solids 0.15 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: W%

M Turner, Laboratory Manager

23-Sep-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 3 of 3
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Sample(s) Temp as Read (*C)_—__ Corrected Temp (°C)._—  Thermometer ID:

Comments:

Chain of Custody Present? (Yes) No N/A
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Samples Received within hold time?  (Yes, No N/A
40 mL Vials Free of Headspace? Yes_(NgS (TR
40 mL Vials Trip blank Present? Yes @ NIA
Samples Properly Preserved? Yes No (N/A
Bottle Labels and C.0.C/WST Agree? No N/&
Total Number of Botties Received? 25

Chain of Custody Fully Completed? (Ye5) No N/A
Correct bottles/containers Received? ¥es) No N/A
ENW Bottles Used? No unkn

Preservatives for bottles/containers:

NG

Comments:

WWoa-|. o eyg,  22D20) LA ( LBD2D3

Received by: A@Q&' Date/Time: ‘Diﬁ( Zyo[LL S5
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ENERGY \
'NORTHWEST SERIcEs

Sample Receipt Form
: _ 1o 1 ok
Company Namé: Cll“\.{ ol Week Padnland Date/Time: Dﬁb@\’}f} bt N ls\w\'lj’

Customer Contact: Dvw Wo bV (:‘5: _

days

Tumaround time;  NomalY  Rush o B

Samples Received via:  Fedexo UPS o USPS Customer  Other

Number of coolers/boxes: %f . Type of Ice: Ice Cubes o Tee Packs 1 Dry Iee o3 None;@’

Sample(s) Temp as Read (°C)_—_ Corrected Temp (°Cy.__—  Thermometer ID: .~ -
o - Comments:

Chain of Custody Present? Li\__’__es No N/A

Samples Received Intact? \Yes) Ne N/A

Samples Received within hold time? . NG "N/AT

40 mL Vials Free of Headspace? Yes ! zs@ ®7A)

40 mL Vials Trip blank Present? Yes M

Samples Properly Preserved? Y&S fA

Bottle Labels and C.0.C/WSI Agree? @ No Nf
Total Number of Bottles Received?

Chain of Custody Fully Completed? @ No N/A
Cortect bottles/containers Received? es ) No N/A
ENW Bottles Used? &es ) No unkn

Preservatives for bottles/containers:

N

Comments:
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FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: PG- Background Lab Sample ID: 230252-01

Site: City of West Richland Collection Date: 9/12/2022 8:30 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 590 mg/L 10 jhill LB024 9/13/2022  8:00
Cust Sample #: SPG - Background Lab Sample ID: 230252-02

Site: City of West Richland Collection Date: 9/12/2022 9:30 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 96 mg/L 5 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1- Inf 1 Lab Sample ID: 230252-03

Site: City of West Richland Collection Date: 9/12/2022 12:36 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 140 mg/L 1 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1 - Inf 2 Lab Sample ID: 230252-04

Site: City of West Richland Collection Date: 9/12/2022 12:40 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 1 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1 - Inf 3 Lab Sample ID: 230252-05

Site: City of West Richland Collection Date: 9/12/2022 12:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 1 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1 - Loc 1 Lab Sample ID: 230252-06

Site: City of West Richland Collection Date: 9/12/2022 1:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 850 mg/L 10 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1 - Loc 2 Lab Sample ID: 230252-07

Site: City of West Richland Collection Date: 9/12/2022 1:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 690 mg/L 10 jhill LB024 9/13/2022  8:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: PG - Storm 1 - Loc 3 Lab Sample ID: 230252-08

Site: City of West Richland Collection Date: 9/12/2022 1:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 5 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1 - Loc 4 Lab Sample ID: 230252-09

Site: City of West Richland Collection Date: 9/12/2022 1:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1500 mg/L 10 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1 - Loc 5 Lab Sample ID: 230252-10

Site: City of West Richland Collection Date: 9/12/2022 1:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 150 mg/L * 5 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1 - Loc 6 Lab Sample ID: 230252-11

Site: City of West Richland Collection Date: 9/12/2022 1:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 150 mg/L 5 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1 - Loc 7 Lab Sample ID: 230252-12

Site: City of West Richland Collection Date: 9/12/2022 1:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 65 mg/L 5 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1 - Loc 8 Lab Sample ID: 230252-13

Site: City of West Richland Collection Date: 9/12/2022 1:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 5 jhill LB024 9/13/2022  8:00
Cust Sample #: PG - Storm 1 - end Lab Sample ID: 230252-14

Site: City of West Richland Collection Date: 9/12/2022 1:15 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 92 mg/L 5 jhill LB024 9/13/2022  8:00

350 Hills Street suite 107

RiCthﬂd, WA 99354 Poge 20f3

509-377-8058



QC Results

QCBatch ID QClID Parameter % Recovery / RPD Control Limits
LB024 230252-01: Replicate 1 Total suspended solids 1.6032

230252-10: Replicate 2 Total suspended solids 9.6609

LCS 1 Total suspended solids 83.05

MB 1 Total suspended solids -0.3

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: @(‘5"@*’3% 23-Sep-22

M Turner, Laboratory Manager

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 3 of 3
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Sample Receipt Form

Company Name: Date/Time: 312122~ (54,
Customer Contact Woedru i
Tumaround time;  Normall  Rush o days

Samples Reccived via:  Fedexe UPSo USPS©o Customer X Other=

Number of coolers/boxes: | Typeoflce:Ice Cubes Ice Packs o Drylces Nonel

Sample(s) Temp as Read (°C): N Corrected Temp {°C}: Thermometer 1D
Comments:
Chain of Custody Present? No N/A
Samples Received Intact? No N/A
Samples Received within hold time? No
40 mL Vials Free of Headspace? Yes No )
40 mL Vials Trip blank Present? Yes No
Samples Properly Preserved? Y No
Bottle Labels and C.O.C/WSI Agree? No N/A
Total Number of Bottles Received?
Chain of Custody Fully Completed? o N/A
Correct bottles/containers Received? No N/A
ENW Botties Used? No unkn

Preservatives for boitles/containers:

Comments:

WO 220726 2

Received by: Date/Time  (A(12]22 54 2-

Page 1of1 Environmental Services
350 Hills St, Suite 107, Richland, WA 99354
Phone: 509-377-8058  Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: PG - Storm 2- Inf 1 Lab Sample ID: 230257-01
Site: City of West Richland Collection Date: 9/13/2022 7:55 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 270 mg/L 1 jhill LB025 9/14/2022  8:00
Cust Sample #: PG - Storm 2- Inf 2 Lab Sample ID: 230257-02

Site: City of West Richland Collection Date: 9/13/2022 8:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 170 mg/L 1 jhill LB025 9/14/2022  8:00
Cust Sample #: PG - Storm 2- Inf 3 Lab Sample ID: 230257-03

Site: City of West Richland Collection Date: 9/13/2022 8:05 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 190 mg/L 1 jhill LB025 9/14/2022  8:00
Cust Sample #: PG - Storm 2- Loc 1 Lab Sample ID: 230257-04

Site: City of West Richland Collection Date: 9/13/2022 8:35 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 2100 mg/L 5 jhill LB025 9/14/2022  8:00
Cust Sample #: PG - Storm 2- Loc 2 Lab Sample ID: 230257-05

Site: City of West Richland Collection Date: 9/13/2022 8:35 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 2200 mg/L 10 jhill LB025 9/14/2022  8:00
Cust Sample #: PG - Storm 2- Loc 3 Lab Sample ID: 230257-06

Site: City of West Richland Collection Date: 9/13/2022 8:35 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1200 mg/L 10 jhill LB025 9/14/2022  8:00
Cust Sample #: PG - Storm 2- Loc 4 Lab Sample ID: 230257-07

Site: City of West Richland Collection Date: 9/13/2022 8:35 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1600 mg/L 10 jhill LB025 9/14/2022  8:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: PG - Storm 2- Loc 5 Lab Sample ID: 230257-08
Site: City of West Richland Collection Date: 9/13/2022 8:35 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 930 mg/L 10 jhill LB025 9/14/2022  8:00
Cust Sample #: PG - Storm 2- Loc 6 Lab Sample ID: 230257-09
Site: City of West Richland Collection Date: 9/13/2022 8:35 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 390 mg/L 10 jhill LB025 9/14/2022  8:00
Cust Sample #: PG - Storm 2- Loc 7 Lab Sample ID: 230257-10
Site: City of West Richland Collection Date: 9/13/2022 8:35 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 120 mg/L 10 jhill LB025 9/14/2022  8:00
Cust Sample #: PG - Storm21- Loc 8 Lab Sample ID: 230257-11
Site: City of West Richland Collection Date: 9/13/2022 8:35 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 110 mg/L 5 jhill LB025 9/14/2022  8:00
Cust Sample #: PG - Storm 2- end Lab Sample ID: 230257-12
Site: City of West Richland Collection Date: 9/13/2022 8:35 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 120 mg/L 5 jhill LB025 9/14/2022  8:00
Cust Sample #: SPG-Storm 1-Inf 1 Lab Sample ID: 230258-01
Site: City of West Richland Collection Date: 9/13/2022 10:55 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 150 mg/L 1 jhill LB025 9/14/2022  8:00
Cust Sample #: SPG-Storm 1-Inf 2 Lab Sample ID: 230258-02
Site: City of West Richland Collection Date: 9/13/2022 11:00 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 94 mg/L 1 jhill LB025 9/14/2022  8:00
Cust Sample #: SPG-Storm 1-Inf 3 Lab Sample ID: 230258-03
Site: City of West Richland Collection Date: 9/13/2022 11:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 88 mg/L 1 jhill LB025 9/14/2022  8:00
350 Hills Street suite 107
RiCthﬂd, WA 99354 Poge 20f3

509-377-8058



Cust Sample #: SPG-Storm 1-Loc 1 Lab Sample ID: 230258-04
Site: City of West Richland Collection Date: 9/13/2022 11:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 700 mg/L 10 jhill LB025 9/14/2022  8:00
Cust Sample #: SPG-Storm 1-Loc 2 Lab Sample ID: 230258-05
Site: City of West Richland Collection Date: 9/13/2022 11:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 510 mg/L 10 jhill LB025 9/14/2022  8:00
Cust Sample #: SPG-Storm 1-Loc 3 Lab Sample ID: 230258-06
Site: City of West Richland Collection Date: 9/13/2022 11:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 870 mg/L 10 jhill LB025 9/14/2022  8:00
Cust Sample #: SPG-Storm 1-Loc 4 Lab Sample ID: 230258-07
Site: City of West Richland Collection Date: 9/13/2022 11:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 620 mg/L 10 jhill LB025 9/14/2022  8:00
Cust Sample #: SPG-Storm 1-Loc 5 Lab Sample ID: 230258-08
Site: City of West Richland Collection Date: 9/13/2022 11:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 590 mg/L 10 jhill LB025 9/14/2022  8:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB025 230257-06: Replicate 1 Total suspended solids 2.899 0-5
230258-04: Replicate 2 Total suspended solids 1.3153 0-5
LCS 1 Total suspended solids 78.1 77.1-110
MB 1 Total suspended solids -0.65 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration. Other
QC within acceptable range. Samples reported without qualification.

Approved: m%

M Turner, Laboratory Manager

23-Sep-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 3 of 3
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Sample Receipt Form
Company Name of Wesk L dhland Date/Time: DAlS 12 MU
Customer Contact: | Yoo Woodyia &€
Turnaround time; Normai;( Rushor ~ days

Samples Reccived via: Fedexo UPSao USPSo Customer}{ Other 1

Number of coolers/boxes: Type of Ice: Ice Cubes o Tce Packs 0 Dry Ice ) None 4
Sample(s) Temp as Read (°C):&Q:W Corrected Temp (°C). Thermometer ID
Comments

Chain of Custody Present? No N/A

Samples Received Intact? No N/A

Samples Received within hold time? No N/A

40 ml. Vials Free of Headspace? Yes No

40 mL Vials Trip blank Present? Yes No

Samples Properly Preserved? No N/A

Bottle Labels and C.0.C/WSI Agree? No N/A

Total Number of Bottles Received?

Chain of Custody Fully Completed? No N/A

Correct bottles/containers Received? No N/A

ENW Botties Used? No unkn

Preservatives for bottles/containers:

Comments:;

WO 1B02571- 2305%

Received by: Date/Time: DA 1&] 2
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Phone:509-377-8058  Fax: 509-377-8464
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S ENERGY )

Sample Receipt Form S
Company Name: &Jﬂﬁ of West Ox d\w Date/Time: DAl 11z .42
Customer Contact: | ypuo U\Booa\m{;é" §
Tumaround time; No‘r‘mai}( Rushm _  days
Samples Received via: Fedex o UPSn USPS o Cust()mer)( Otheror

Number of coolers/boxes: _L_“M_ Type of Ice: Tce Cubes o Ice Packs o Dry Ice v None 7
Sample(s) Temp as Read (°C):j}\£cm Corrected Temp (°C); Thermometer ID: .

Comments:

Chain of Custody Present?

Samples Received Intact?

Sampies Received within hold time?
40 ml, Vials Free of Headspace?

40 mL Vials Trip blank Present?
Samples Properly Preserved?

Bottle Labels and C.0.C/WS] Agree?
Total Number of Bottles Received?

Chain of Custody Fully Compieted?
Correct bottles/containers Received? m No N/A
ENW Bottles Used? @ No unkn

Preservatives for bottles/containers:

{Comments:

WD 1302571~ 22075%

Received by: /%6" Date/Time: 001113122. \U(’HE;_

o

Page lof 1 Environmentai Services
350 Hifls 5t. Suite 107, Rich land, WA 99354
Phone:509-377-8058  Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

Report of Analysis

For:
3801 Van Giesen

City of West Richland

W Richland, WA 99353

Attn: Drew Woodruff
Cust Sample #: SPG-Storm 1-Loc 6 Lab Sample ID: 230258-09
Site: City of West Richland Collection Date: 9/13/2022 11:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 520 mg/L 10 jhill LB023 9/14/2022 12:00
Cust Sample #: SPG-Storm 1-Loc 7 Lab Sample ID: 230258-10
Site: City of West Richland Collection Date: 9/13/2022 11:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 420 mg/L 10 jhill LB023 9/14/2022 12:00
Cust Sample #: SPG-Storm 1-Loc 8 Lab Sample ID: 230258-11
Site: City of West Richland Collection Date: 9/13/2022 11:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 320 mg/L 10 jhill LB023 9/14/2022 12:00
Cust Sample #: SPG-Storm 1-end Lab Sample ID: 230258-12
Site: City of West Richland Collection Date: 9/13/2022 11:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 46 mg/L 2 jhill LB023 9/14/2022 12:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB023 230258-09: Replicate 2 Total suspended solids 2.8129 0-5
230263-03: Replicate 1 Total suspended solids 19.0476 0-5
LCS 1 Total suspended solids 81.7 77.1-110
MB 1 Total suspended solids 0.01 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: m%

M Turner, Laboratory Manager

23-Sep-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 1
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S ENERGY )

Sample Receipt Form S
Company Name: &Jﬂﬁ of West Ox d\w Date/Time: DAl 11z .42
Customer Contact: | ypuo U\Booa\m{;é" §
Tumaround time; No‘r‘mai}( Rushm _  days
Samples Received via: Fedex o UPSn USPS o Cust()mer)( Otheror

Number of coolers/boxes: _L_“M_ Type of Ice: Tce Cubes o Ice Packs o Dry Ice v None 7
Sample(s) Temp as Read (°C):j}\£cm Corrected Temp (°C); Thermometer ID: .

Comments:

Chain of Custody Present?

Samples Received Intact?

Sampies Received within hold time?
40 ml, Vials Free of Headspace?

40 mL Vials Trip blank Present?
Samples Properly Preserved?

Bottle Labels and C.0.C/WS] Agree?
Total Number of Bottles Received?

Chain of Custody Fully Compieted?
Correct bottles/containers Received? m No N/A
ENW Bottles Used? @ No unkn

Preservatives for bottles/containers:

{Comments:

WD 1302571~ 22075%

Received by: /%6" Date/Time: 001113122. \U(’HE;_

o
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350 Hifls 5t. Suite 107, Rich land, WA 99354
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FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: PG - Storm 3- Inf 1 Lab Sample ID: 230267-01
Site: City of West Richland Collection Date: 9/14/2022 7:45 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 160 mg/L 2 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 3- Inf 2 Lab Sample ID: 230267-02

Site: City of West Richland Collection Date: 9/14/2022 7:50 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 120 mg/L 2 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 3- Inf 3 Lab Sample ID: 230267-03

Site: City of West Richland Collection Date: 9/14/2022 7:55 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 96 mg/L 2 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 3- Loc 1 Lab Sample ID: 230267-04

Site: City of West Richland Collection Date: 9/14/2022 8:15 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 2200 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 3- Loc 2 Lab Sample ID: 230267-05

Site: City of West Richland Collection Date: 9/14/2022 8:15 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 2300 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 3- Loc 3 Lab Sample ID: 230267-06

Site: City of West Richland Collection Date: 9/14/2022 8:15 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 910 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 3- Loc 4 Lab Sample ID: 230267-07

Site: City of West Richland Collection Date: 9/14/2022 8:15 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1600 mg/L 10 jhill LB026 9/15/2022  8:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: PG - Storm 3- Loc 5 Lab Sample ID: 230267-08
Site: City of West Richland Collection Date: 9/14/2022 8:15 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1200 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 3- Loc 6 Lab Sample ID: 230267-09
Site: City of West Richland Collection Date: 9/14/2022 8:15 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 550 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 3- Loc 7 Lab Sample ID: 230267-10
Site: City of West Richland Collection Date: 9/14/2022 8:15 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 290 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 3- Loc 8 Lab Sample ID: 230267-11
Site: City of West Richland Collection Date: 9/14/2022 8:15 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 110 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 3- end Lab Sample ID: 230267-12
Site: City of West Richland Collection Date: 9/14/2022 8:15 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 240 mg/L 5 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 4- Inf 1 Lab Sample ID: 230268-01
Site: City of West Richland Collection Date: 9/14/2022 1:00 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 150 mg/L 2 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 4- Inf 2 Lab Sample ID: 230268-02
Site: City of West Richland Collection Date: 9/14/2022 1:05 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 110 mg/L 2 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 4- Inf 3 Lab Sample ID: 230268-03
Site: City of West Richland Collection Date: 9/14/2022 1:10 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 94 mg/L 2 jhill LB026 9/15/2022  8:00
350 Hills Street suite 107
RiCthﬂd, WA 99354 Poge 20f3
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Cust Sample #: PG - Storm 4- Loc 1 Lab Sample ID: 230268-04
Site: City of West Richland Collection Date: 9/14/2022 1:45 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 3500 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 4- Loc 2 Lab Sample ID: 230268-05
Site: City of West Richland Collection Date: 9/14/2022 1:45 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 2400 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 4- Loc 3 Lab Sample ID: 230268-06
Site: City of West Richland Collection Date: 9/14/2022 1:45 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1400 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 4- Loc 4 Lab Sample ID: 230268-07
Site: City of West Richland Collection Date: 9/14/2022 1:45 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 990 mg/L 10 jhill LB026 9/15/2022  8:00
Cust Sample #: PG - Storm 4- Loc 5 Lab Sample ID: 230268-08
Site: City of West Richland Collection Date: 9/14/2022 1:45 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 590 mg/L 10 jhill LB026 9/15/2022  8:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB026 230267-04: Replicate 1 Total suspended solids 1.9297 0-5
230268-08: Replicate 2 Total suspended solids 2.6329 0-5
LCS 1 Total suspended solids 93.4 77.1-110
MB 1 Total suspended solids -0.14 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: m%

M Turner, Laboratory Manager

23-Sep-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 3 of 3
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Sample Receipt Form
Company Name Ci ¢ chiomd  DaterTime: rldl 1542
Customer Contact: 1) 2w Woodva &€
‘Turnaround time; Normalx Rusho  days
Samples Reccived via:  Fedexa UPSt USPSco Customer‘;a{ Other
Number of coolers/boxes: [ . Type of Ice: Ice Cubes 0 TeePacks 1 Diry Ice o None A

Sample(s) Temp as Read (°C): N+ Corrected Temp (°C); _ Thermometer 113

Comments
Chain of Custody Present? No N/A
Samples Received Intact? No N/A
Samples Received within hold time? No N/A
40 mL Vials Free of Headspace? Yes No
40 mli. Vials Trip blank Present? Yes No )
Samples Properly Preserved? Yes No
Bottie Labels and C.0.C/WSI Agree? No N
Total Number of Bottles Received?
Chain of Custody Fully Completed? No N/A
Correct bottles/containers Received? No N/A
ENW Bottles Used? Yes No unkn
Preservatives for bottles/containers:
Comments:
WO . 23502471 220
Received by: Date/Time: DANM] 22 110

Page 10f1 Environmental! Services
350 Hills 5¢. Suite 107, Richland, WA $9354
Phone:509-377-8058  Fax: 509-377-8464
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 ENERGY
' NORTHWEST

Sample Receipt Form

Company Name: C\‘l‘ud, of Woel Q-Lc[’llaw\d]

Customer Contact:_DCM WOOA‘/L&F‘@ )

Tumaround time: Nt}rmai)( Rush iz

Samples Received via:  Fedexsi UPSo USPSu Customer) Othero:

Number of coolers/boxes: l . Type oflce: Ice Cubes 11 Tee Packs 0 Dry {ee o None;z\

Sample(s) Temp as Read CCx N A Corrected Temp (°C):

Date/Time: D’l‘,\ﬁl’\l’b \‘5"!‘2—

Comments:

Chain of Custedy Present? N/A
Samples Received Intact? N/A
Samples Received within hold time? N/A
40 mL Vials Free of Headspace? (N/A
40 mL Vials Trip blank Present? WN/A,
Samples Properly Preserved? Yes No (N/A]
Bottle Labels and C.0.C/WSI Agree? (Yes) No N/A
Total Number of Bottles Received? 2

Chain of Custody Fully Completed? N/A
Correct bottles/containers Received? N/A
ENW Bottles Used? unkn

Preservatives for botiles/containers:

{Comments:

WO 2%02L1 IR0 IR

Received by: /%7‘ B Date/Time: Dﬂ[lbll?,?, oo

Page lof 1 Environmentat Services

Thermometer [D:

350 Hifls St. Suite 107, Richiand, WA 59354
Phone: 509-377-8058  Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: PG - Storm 4- Loc 6 Lab Sample ID: 230268-09
Site: City of West Richland Collection Date: 9/14/2022 1:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 350 mg/L 10 jhill LB027 9/15/2022 13:00
Cust Sample #: PG - Storm 4- Loc 7 Lab Sample ID: 230268-10

Site: City of West Richland Collection Date: 9/14/2022 1:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 170 mg/L 10 jhill LB027 9/15/2022 13:00
Cust Sample #: PG - Storm 4- Loc 8 Lab Sample ID: 230268-11

Site: City of West Richland Collection Date: 9/14/2022 1:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 33 mg/L 2 jhill LB027 9/15/2022 13:00
Cust Sample #: PG - Storm 4- end Lab Sample ID: 230268-12

Site: City of West Richland Collection Date: 9/14/2022 1:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 63 mg/L 2 jhill LB027 9/15/2022 13:00
Cust Sample #: SPG-Storm 2-Inf 1 Lab Sample ID: 230269-01

Site: City of West Richland Collection Date: 9/14/2022 9:30 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 160 mg/L 2 jhill LB027 9/15/2022 13:00
Cust Sample #: SPG-Storm 2-Inf 2 Lab Sample ID: 230269-02

Site: City of West Richland Collection Date: 9/14/2022 9:35 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 2 jhill LB027 9/15/2022 13:00
Cust Sample #: SPG-Storm 2-Inf 3 Lab Sample ID: 230269-03

Site: City of West Richland Collection Date: 9/14/2022 9:40 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 96 mg/L 2 jhill LB027 9/15/2022 13:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: SPG-Storm 2-Loc 1 Lab Sample ID: 230269-04
Site: City of West Richland Collection Date: 9/14/2022 9:50 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1000 mg/L 10 jhill LB027 9/15/2022 13:00
Cust Sample #: SPG-Storm 2-Loc 2 Lab Sample ID: 230269-05
Site: City of West Richland Collection Date: 9/14/2022 9:50 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1300 mg/L 10 jhill LB027 9/15/2022 13:00
Cust Sample #: SPG-Storm 2-Loc 3 Lab Sample ID: 230269-06
Site: City of West Richland Collection Date: 9/14/2022 9:50 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 370 mg/L 10 jhill LB027 9/15/2022 13:00
Cust Sample #: SPG-Storm 2-Loc 4 Lab Sample ID: 230269-07
Site: City of West Richland Collection Date: 9/14/2022 9:50 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 960 mg/L 10 jhill LB027 9/15/2022 13:00
Cust Sample #: SPG-Storm 2-Loc 5 Lab Sample ID: 230269-08
Site: City of West Richland Collection Date: 9/14/2022 9:50 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 410 mg/L 10 jhill LB027 9/15/2022 13:00
Cust Sample #: SPG-Storm 2-Loc 6 Lab Sample ID: 230269-09
Site: City of West Richland Collection Date: 9/14/2022 9:50 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 230 mg/L 10 jhill LB027 9/15/2022 13:00
Cust Sample #: SPG-Storm 2-Loc 7 Lab Sample ID: 230269-10
Site: City of West Richland Collection Date: 9/14/2022 9:50 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 210 mg/L 10 jhill LB027 9/15/2022 13:00
Cust Sample #: SPG-Storm 2-Loc 8 Lab Sample ID: 230269-11
Site: City of West Richland Collection Date: 9/14/2022 9:50 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 300 mg/L 10 jhill LB027 9/15/2022 13:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 2 of 3



Cust Sample #: SPG-Storm 2-end Lab Sample ID: 230269-12

Site: City of West Richland Collection Date: 9/14/2022 9:50 AM
 Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 32 mg/L 5 jhill LB027 9/15/2022 13:00
QC Results
QCBatch ID QCID Parameter % Recovery / RPD Control Limits
LB027 230268-09: Replicate 1 Total suspended solids 2.3516 0-5
230269-04: Replicate 2 Total suspended solids 4.7223 0-5
LCS 1 Total suspended solids 89.2 77.1-110
MB 1 Total suspended solids -0.29 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration. Other
QC within acceptable range. Samples reported without qualification.

Approved: m% 23-Sep-22

M Turner, Laboratory Manager

350 Hills Street suite 107
Richlclnd, WA 99354 POge 30f3
509-377-8058
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 ENERGY
' NORTHWEST

Sample Receipt Form

Company Name: C\‘l‘ud, of Woel Q-Lc[’llaw\d]

Customer Contact:_DCM WOOA‘/L&F‘@ )

Tumaround time: Nt}rmai)( Rush iz

Samples Received via:  Fedexsi UPSo USPSu Customer) Othero:

Number of coolers/boxes: l . Type oflce: Ice Cubes 11 Tee Packs 0 Dry {ee o None;z\

Sample(s) Temp as Read CCx N A Corrected Temp (°C):

Date/Time: D’l‘,\ﬁl’\l’b \‘5"!‘2—

Comments:

Chain of Custedy Present? N/A
Samples Received Intact? N/A
Samples Received within hold time? N/A
40 mL Vials Free of Headspace? (N/A
40 mL Vials Trip blank Present? WN/A,
Samples Properly Preserved? Yes No (N/A]
Bottle Labels and C.0.C/WSI Agree? (Yes) No N/A
Total Number of Bottles Received? 2

Chain of Custody Fully Completed? N/A
Correct bottles/containers Received? N/A
ENW Bottles Used? unkn

Preservatives for botiles/containers:

{Comments:

WO 2%02L1 IR0 IR

Received by: /%7‘ B Date/Time: Dﬂ[lbll?,?, oo
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350 Hifls St. Suite 107, Richiand, WA 59354
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ENERGY
NORTHWEST

Sample Receipt Form
Company Name: Q{‘u&, of Wk Q,Ld'x\omd) Date/Time: (AL 542

Customer Contact;:._ b{“&u} \I\j\’)o Avia F—(-: |

Tumaround time: Normal)( Rusho _  days
Samples Received via:  Fedexo UPSo  USPS o Customer)  Othero:

Number of coolers/oxes: N l . Type of Ice: Iee Cubes 0 1ce Packs 1 Dry lece = None A

Sample(s} Temp as Read {”C}:ﬂ& Corrected Temp (°C):.__ ‘Thermometer .
Comments:

Chain of Custody Present? '- No N/A

Samples Received Intact? (Yes) No N/A

Samples Received within hold time? No N/A

40 mL Vials Free of Headspace? Yes No %@

40 ml. Vials Trip blank Present? Yes No (N/AD

Samples Properly Preserved? Yes No (N/A]

Bottle Labels and C.0.C/WSI Agree? { Yes)Y No N/A

Total Number of Bottles Received? lp ]
Chain of Custody Fully Completed? N/A

Correct bottles/containers Received? N/A

ENW Bottles Used? unkn |

Preservatives for bottles/containers:

Comments:

WO 230251 -2 LA

Received by: /%17— Date/Time: 04[.1‘4[2-3 lplio

Page 1of 1 Environmental Services
350 Hills St. Suite 107, Richiand, WA 89354
Phone:509-377-8058  Fax: 509-377-8464




FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: PG - Storm 5- Inf 1 Lab Sample ID: 230274-01
Site: City of West Richland Collection Date: 9/15/2022 7:50 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 2 jhill LB029 9/19/2022  9:00
Cust Sample #: PG - Storm 5- Inf 2 Lab Sample ID: 230274-02

Site: City of West Richland Collection Date: 9/15/2022 7:55 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 2 jhill LB029 9/19/2022  9:00
Cust Sample #: PG - Storm 5- Inf 3 Lab Sample ID: 230274-03

Site: City of West Richland Collection Date: 9/15/2022 8:00 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 88 mg/L 2 jhill LB029 9/19/2022  9:00
Cust Sample #: PG - Storm 5- Loc 1 Lab Sample ID: 230274-04

Site: City of West Richland Collection Date: 9/15/2022 8:30 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 3800 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: PG - Storm 5- Loc 2 Lab Sample ID: 230274-05

Site: City of West Richland Collection Date: 9/15/2022 8:30 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 2400 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: PG - Storm 5- Loc 3 Lab Sample ID: 230274-06

Site: City of West Richland Collection Date: 9/15/2022 8:30 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1800 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: PG - Storm 5- Loc 4 Lab Sample ID: 230274-07

Site: City of West Richland Collection Date: 9/15/2022 8:30 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 2100 mg/L 10 jhill LB029 9/19/2022  9:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: PG - Storm 5- Loc 5 Lab Sample ID: 230274-08
Site: City of West Richland Collection Date: 9/15/2022 8:30 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1200 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: PG - Storm 5- Loc 6 Lab Sample ID: 230274-09
Site: City of West Richland Collection Date: 9/15/2022 8:30 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 810 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: PG - Storm 5- Loc 7 Lab Sample ID: 230274-10
Site: City of West Richland Collection Date: 9/15/2022 8:30 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 360 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: PG - Storm 5- Loc 8 Lab Sample ID: 230274-11
Site: City of West Richland Collection Date: 9/15/2022 8:30 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 220 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: PG - Storm 5- end Lab Sample ID: 230274-12
Site: City of West Richland Collection Date: 9/15/2022 8:30 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 79 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: SPG-Storm 3-Inf 1 Lab Sample ID: 230275-01
Site: City of West Richland Collection Date: 9/15/2022 10:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 160 mg/L 2 jhill LB029 9/19/2022  9:00
Cust Sample #: SPG-Storm 3-Inf 2 Lab Sample ID: 230275-02
Site: City of West Richland Collection Date: 9/15/2022 10:10 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 120 mg/L 2 jhill LB029 9/19/2022  9:00
Cust Sample #: SPG-Storm 3-Inf 3 Lab Sample ID: 230275-03
Site: City of West Richland Collection Date: 9/15/2022 10:15 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 100 mg/L 2 jhill LB029 9/19/2022  9:00
350 Hills Street suite 107
RiCthﬂd, WA 99354 Poge 20f3

509-377-8058



Cust Sample #: SPG-Storm 3-Loc 1 Lab Sample ID: 230275-04
Site: City of West Richland Collection Date: 9/15/2022 10:25 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 920 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: SPG-Storm 3-Loc 2 Lab Sample ID: 230275-05
Site: City of West Richland Collection Date: 9/15/2022 10:25 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1300 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: SPG-Storm 3-Loc 3 Lab Sample ID: 230275-06
Site: City of West Richland Collection Date: 9/15/2022 10:25 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 330 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: SPG-Storm 3-Loc 4 Lab Sample ID: 230275-07
Site: City of West Richland Collection Date: 9/15/2022 10:25 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1400 mg/L 10 jhill LB029 9/19/2022  9:00
Cust Sample #: SPG-Storm 3-Loc 5 Lab Sample ID: 230275-08
Site: City of West Richland Collection Date: 9/15/2022 10:25 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 430 mg/L 5 jhill LB029 9/19/2022  9:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB029 230274-04: Replicate 1 Total suspended solids 3.4636 0-5
230274-11: Replicate 2 Total suspended solids 4.8433 0-5
LCS 1 Total suspended solids 87.65 77.1-110
MB 1 Total suspended solids 0.07 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: m%

M Turner, Laboratory Manager

23-Sep-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 3 of 3
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Sample Receipt Form
Company Name: oo Lol Date/Time;
Customer Contact: L oo Woodvuge
Tumaround time:  Normal ¥  Rusho __ days
Samples Received via:  Fedexm UPSn USPS Customcr};{ Othero

Number of coolers/boxes: | . Type of Ice: Ice Cubes 13 Ice Packs o Diry fee o None}ﬁ

Sample(s) Temp as Read (°C):NA_ Comected Temp (°C):___ Thermometer 1D:
Comments:

Chain of Custody Present? @ No N/A

Samples Received Intact? No N/A

Samples Received within hold time? No N/A

40 ml. Vials Free of Headspace? Yes No

40 mL Vials Trip blank Present? Yes No

Samples Properly Preserved? No

Bottle Labels and C.00.C/WSI Agree? No N/A

Total Number of Rottles Received?

Chain of Custody Fully Completed? Yes No N/A
Correct botties/containers Received? No N/A
ENW Botiles Used? es o unkn

Preservatives for bottles/contaners

Comments:

WO 220271 — 2202,

Received by: Date/Time: O4 1S 27 0¥

Page 1of1 Environmental Services
350 Hifls St. Suite 107, Richiand, WA 89354
Phone: 509-377-8058  Fax: 509-377-8464



Chain of Custody Environmental Services

350 Hills Street Suite 107, Richiand, WA 95254

Services Sales QOrder Phone: S09-377-B058  fax: 509-377-8464
Information Drder 1 Requested Tests Neatrix
5 - Soil
. — WW - Waste Water
Contact: 2?_£52“1 Ly [..\ DWW - Drinking Water
Maiting Address: ZvOT) Rl i+ Bl 2 g‘ N 0 N‘p%i;s
LoEsr Baddkaund, LIA-G935873 B Ot - Other
Silling Adress {if different} 2 A Rush TAT
g i {Jves [ Mo
Phone: b
ne - - ?‘4‘ o W) # of working days:
nvoice: L] Hard Copy @ Ematt Repart {1} Hard Copy Emait g W
tab Sample klantification Collgction  Collection Matrix g ff_ Pate Requested:
Qoe Oniv {Location, Mame, Code, eto) iate Time 4 Jomments
D - WS wosStaw + R Please include
P2 SPL - Stovmad - Tald W- 1o \ X
03 ~ L3 WS 50
o4 ~ Lo 025 e wits Yo treuted@
o ~Locd | b s v et o TV AN
oL —~Loc % e Ao tousn
(O] ~Lo P
bR L% >
04 ~Lioe lo e
o Lo 7 >
by ~Loc® 3
tz. ~2anth \ VAR 2R N
Being duly authorized and empowerad by Customer to the of thig
Print ! Signature Date | Time Print ¢ Date { Time
) ; _ - Received by:
UM Collds AAS  \us
Redirouished by U Received by:
by lab: Sample Condition at Reco)
M [bl a Temperature {:itmte ¥ "
Type (eirclef Ambiont Cold Frozen
Plerse make all checks payable to % Containers ntact Lids Yght
it wfo Fe
e Check 3 Energy Northwest £ Labels MaMmoCu:bd&?aw
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ENERGY
' NORTHWEST

Sample Receipt Form

Company N ame_:____(:q'{—ué o West- Q4 chload Date/Time:_DAlig|22. U5
Customer Contact_:___ b{‘&\u _ Wood ‘/UuG-P

Turnaround time: Normal¥  Rusho __ days

Samples Received via:  Fedex o UPSc USPSp Customer){  Other o

Number of coolersboxes: | .. type of Ice: Ice Cubes 3 fce Packs 1 Dryy Ice o Nonc}(;

Sample(s) Temp as Read ("C);ﬁﬁ_ Corrected Temp (°C):. Thermometer 1D

Comments:

Chain of Custody Present? No N/A

Samples Received Intact? .@ No N/A

Samples Received within hold time?  (Yes3 No N/A

40 ml. Vials Free of Headspace? Yes No(NJA)

40 mlL. Vials Trip blank Pregent? Yes No N/A).

Samples Properly Preserved? Yes No (/A

Bottle Labels and C.O.C/WST Agree? { Yes) No N/A

Total Number of Bottles Received? Al

Chain of Custody Fully Completed? N/A |

Correct bottles/containers Received? (Y N/A

ENW Bottles Used? unkn
Presetvatives for bottles/containers:
Comments:

WD 2200714 — 22070,

Received by: /%W‘ Date/Time: (4 [35121 IS OS’_M
Page 1of 1 Environmental Services

350 Hifls St. Suite 107, Richland, WA 99354
Phone:509-377-8058  Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: SPG-Storm 3-Loc 6 Lab Sample ID: 230275-09
Site: City of West Richland Collection Date: 9/15/2022 10:25 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 240 mg/L 10 jhill LB030 9/19/2022 13:00
Cust Sample #: SPG-Storm 3-Loc 7 Lab Sample ID: 230275-10

Site: City of West Richland Collection Date: 9/15/2022 10:25 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 170 mg/L 10 jhill LB030 9/19/2022 13:00
Cust Sample #: SPG-Storm 3-Loc 8 Lab Sample ID: 230275-11

Site: City of West Richland Collection Date: 9/15/2022 10:25 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 160 mg/L 10 jhill LB030 9/19/2022 13:00
Cust Sample #: SPG-Storm 3-end Lab Sample ID: 230275-12

Site: City of West Richland Collection Date: 9/15/2022 10:25 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 42 mg/L 5 jhill LB030 9/19/2022 13:00
Cust Sample #: PG - Storm 6- Inf 1 Lab Sample ID: 230276-01

Site: City of West Richland Collection Date: 9/15/2022 12:50 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 160 mg/L 2 jhill LBO030 9/19/2022 13:00
Cust Sample #: PG - Storm 6- Inf 2 Lab Sample ID: 230276-02

Site: City of West Richland Collection Date: 9/15/2022 12:55 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 120 mg/L 2 jhill LBO030 9/19/2022 13:00
Cust Sample #: PG - Storm 6- Inf 3 Lab Sample ID: 230276-03

Site: City of West Richland Collection Date: 9/15/2022 1:00 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 93 mg/L 2 jhill LB030 9/19/2022 13:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: PG - Storm 6- Loc 1 Lab Sample ID: 230276-04
Site: City of West Richland Collection Date: 9/15/2022 1:25 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 5100 mg/L 10 jhill LB030 9/19/2022 13:00
Cust Sample #: PG - Storm 6- Loc 2 Lab Sample ID: 230276-05
Site: City of West Richland Collection Date: 9/15/2022 1:25 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 3300 mg/L 10 jhill LB030 9/19/2022 13:00
Cust Sample #: PG - Storm 6- Loc 3 Lab Sample ID: 230276-06
Site: City of West Richland Collection Date: 9/15/2022 1:25 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1200 mg/L 10 jhill LB030 9/19/2022 13:00
Cust Sample #: PG - Storm 6- Loc 4 Lab Sample ID: 230276-07
Site: City of West Richland Collection Date: 9/15/2022 1:25 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 770 mg/L 10 jhill LBO030 9/19/2022 13:00
Cust Sample #: PG - Storm 6- Loc 5 Lab Sample ID: 230276-08
Site: City of West Richland Collection Date: 9/15/2022 1:25 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 300 mg/L 10 jhill LB030 9/19/2022 13:00
Cust Sample #: PG - Storm 6- Loc 6 Lab Sample ID: 230276-09
Site: City of West Richland Collection Date: 9/15/2022 1:25 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 350 mg/L 10 jhill LB030 9/19/2022 13:00
Cust Sample #: PG - Storm 6- Loc 7 Lab Sample ID: 230276-10
Site: City of West Richland Collection Date: 9/15/2022 1:25 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 110 mg/L 10 jhill LB030 9/19/2022 13:00
Cust Sample #: PG - Storm 6- Loc 8 Lab Sample ID: 230276-11
Site: City of West Richland Collection Date: 9/15/2022 1:25 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 47 mg/L 5 jhill LB030 9/19/2022 13:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 2 of 3



Cust Sample #: PG - Storm 6- end Lab Sample ID: 230276-12

Site: City of West Richland Collection Date: 9/15/2022 1:25 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 110 mg/L 5 jhill LB030 9/19/2022 13:00
QC Results
QCBatch ID QClID Parameter % Recovery / RPD Control Limits
LB030 230275-11: Replicate 1 Total suspended solids 0.5473 0-5
230276-07: Replicate 2 Total suspended solids 2.234 0-5
LCS 1 Total suspended solids 96.2 77.1-110
MB 1 Total suspended solids -0.14 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: m% 23-Sep-22

M Turner, Laboratory Manager

350 Hills Street suite 107
Richlclnd, WA 99354 POge 30f3
509-377-8058



Chain of Custody Environmental Services

350 Hills Street Suite 107, Richiand, WA 95254

Services Sales QOrder Phone: S09-377-B058  fax: 509-377-8464
Information Drder 1 Requested Tests Neatrix
5 - Soil
. — WW - Waste Water
Contact: 2?_£52“1 Ly [..\ DWW - Drinking Water
Maiting Address: ZvOT) Rl i+ Bl 2 g‘ N 0 N‘p%i;s
LoEsr Baddkaund, LIA-G935873 B Ot - Other
Silling Adress {if different} 2 A Rush TAT
g i {Jves [ Mo
Phone: b
ne - - ?‘4‘ o W) # of working days:
nvoice: L] Hard Copy @ Ematt Repart {1} Hard Copy Emait g W
tab Sample klantification Collgction  Collection Matrix g ff_ Pate Requested:
Qoe Oniv {Location, Mame, Code, eto) iate Time 4 Jomments
D - WS wosStaw + R Please include
P2 SPL - Stovmad - Tald W- 1o \ X
03 ~ L3 WS 50
o4 ~ Lo 025 e wits Yo treuted@
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oL —~Loc % e Ao tousn
(O] ~Lo P
bR L% >
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by ~Loc® 3
tz. ~2anth \ VAR 2R N
Being duly authorized and empowerad by Customer to the of thig
Print ! Signature Date | Time Print ¢ Date { Time
) ; _ - Received by:
UM Collds AAS  \us
Redirouished by U Received by:
by lab: Sample Condition at Reco)
M [bl a Temperature {:itmte ¥ "
Type (eirclef Ambiont Cold Frozen
Plerse make all checks payable to % Containers ntact Lids Yght
it wfo Fe
e Check 3 Energy Northwest £ Labels MaMmoCu:bd&?aw
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ENERGY
' NORTHWEST

Sample Receipt Form

Company N ame_:____(:q'{—ué o West- Q4 chload Date/Time:_DAlig|22. U5
Customer Contact_:___ b{‘&\u _ Wood ‘/UuG-P

Turnaround time: Normal¥  Rusho __ days

Samples Received via:  Fedex o UPSc USPSp Customer){  Other o

Number of coolersboxes: | .. type of Ice: Ice Cubes 3 fce Packs 1 Dryy Ice o Nonc}(;

Sample(s) Temp as Read ("C);ﬁﬁ_ Corrected Temp (°C):. Thermometer 1D

Comments:

Chain of Custody Present? No N/A

Samples Received Intact? .@ No N/A

Samples Received within hold time?  (Yes3 No N/A

40 ml. Vials Free of Headspace? Yes No(NJA)

40 mlL. Vials Trip blank Pregent? Yes No N/A).

Samples Properly Preserved? Yes No (/A

Bottle Labels and C.O.C/WST Agree? { Yes) No N/A

Total Number of Bottles Received? Al

Chain of Custody Fully Completed? N/A |

Correct bottles/containers Received? (Y N/A

ENW Bottles Used? unkn
Presetvatives for bottles/containers:
Comments:

WD 2200714 — 22070,

Received by: /%W‘ Date/Time: (4 [35121 IS OS’_M
Page 1of 1 Environmental Services

350 Hifls St. Suite 107, Richland, WA 99354
Phone:509-377-8058  Fax: 509-377-8464



Chain of Custody Environmental Services
350 Hills Street Sulte 107, Richland, WA 40354

Services Sales Order Phone: 505-377-8058  Fax: 500-377-8464
Account Information Project ID Requested Tests Matrix
3. 5ot

220771 WW - Waste Water
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Addrass: o § N -0 NﬂfgiES
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ENERGY ¢
NGR?H WES? ;W%é?

Sample Receipt Form

Company Name: Gjni‘} S \We st 24 ok Date/Time: DA llf_;’[ 22- iLl’gl

Turnaround time: Nomal®¥  Rusho days
Samples Received via:  Fedexo  UPS USPS Custormer¥  Otherno: e )
Number of coolersboxes: | __ Type of Ice: Ice Cubes 3 Ice Packs = Dry fce o Norzeﬁ

Sampie(s) Temp as Read ("C):__N)q Corrected Temp (°C): Thermometer ID: .

i Comyments:
Chamn of Custody Present? (@ No N/A
Samples Received Intact? @ No N/A
Samples Received within hold time? No
40 ml. Vials Free of Headspace? Yes No
40 mL Vials Trip blank Present? Yes No
Samples Properly Preserved? Yas No
Bottle Labels and C.0.C/WST A gree? No
Total Number of Bottles Received? T Bl
Chain of Custody Fully Completed? { Yeos ' No N/A
Correct bottles/containers Received? (Ye5) No N/A
ENW Bottles Used? ; yNo unkn |
Preservatives for bottles/containers:
Comments:
WO 2202714 - 2202
Received by: A%’“ Date/Time: O‘lli‘;{ 272 16:0%

Page 1of1 Environmental Services
350 Hills St. Suite 107, Richiand, WA 99354
Phonie:509-377-8058  Fax: 509- 377-8464




FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: SPG-Storm 4-Inf 1 Lab Sample ID: 230286-01
Site: City of West Richland Collection Date: 9/16/2022 7:45 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 150 mg/L 2 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 4-Inf 2 Lab Sample ID: 230286-02

Site: City of West Richland Collection Date: 9/16/2022 7:50 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 2 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 4-Inf 3 Lab Sample ID: 230286-03

Site: City of West Richland Collection Date: 9/16/2022 7:55 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 63 mg/L 1 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 4-Loc 1 Lab Sample ID: 230286-04

Site: City of West Richland Collection Date: 9/16/2022 8:05 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1000 mg/L 5 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 4-Loc 2 Lab Sample ID: 230286-05

Site: City of West Richland Collection Date: 9/16/2022 8:05 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1300 mg/L 10 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 4-Loc 3 Lab Sample ID: 230286-06

Site: City of West Richland Collection Date: 9/16/2022 8:05 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 380 mg/L 5 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 4-Loc 4 Lab Sample ID: 230286-07

Site: City of West Richland Collection Date: 9/16/2022 8:05 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1300 mg/L 10 jhill LB028 9/19/2022  9:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 3



Cust Sample #: SPG-Storm 4-Loc 5 Lab Sample ID: 230286-08

Site: City of West Richland Collection Date: 9/16/2022 8:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 240 mg/L 10 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 4-Loc 6 Lab Sample ID: 230286-09

Site: City of West Richland Collection Date: 9/16/2022 8:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 230 mg/L 10 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 4-Loc 7 Lab Sample ID: 230286-10

Site: City of West Richland Collection Date: 9/16/2022 8:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 140 mg/L 10 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 4-Loc 8 Lab Sample ID: 230286-11

Site: City of West Richland Collection Date: 9/16/2022 8:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 160 mg/L 5 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 4-end Lab Sample ID: 230286-12

Site: City of West Richland Collection Date: 9/16/2022 8:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 27 mg/L 2 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 5-Inf 1 Lab Sample ID: 230287-01

Site: City of West Richland Collection Date: 9/19/2022 9:45 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 120 mg/L 2 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 5-Inf 2 Lab Sample ID: 230287-02

Site: City of West Richland Collection Date: 9/19/2022 9:50 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 120 mg/L 2 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 5-Inf 3 Lab Sample ID: 230287-03

Site: City of West Richland Collection Date: 9/19/2022 9:55 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 480 mg/L 10 jhill LB028 9/19/2022  9:00

350 Hills Street suite 107

RiCthﬂd, WA 99354 Poge 20f3

509-377-8058



Cust Sample #: SPG-Storm 5-Loc 1 Lab Sample ID: 230287-04
Site: City of West Richland Collection Date: 9/19/2022 10:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1300 mg/L 10 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 5-Loc 2 Lab Sample ID: 230287-05
Site: City of West Richland Collection Date: 9/19/2022 10:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1700 mg/L 10 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 5-Loc 3 Lab Sample ID: 230287-06
Site: City of West Richland Collection Date: 9/19/2022 10:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 400 mg/L 10 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 5-Loc 4 Lab Sample ID: 230287-07
Site: City of West Richland Collection Date: 9/19/2022 10:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 1200 mg/L 10 jhill LB028 9/19/2022  9:00
Cust Sample #: SPG-Storm 5-Loc 5 Lab Sample ID: 230287-08
Site: City of West Richland Collection Date: 9/19/2022 10:05 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 320 mg/L 10 jhill LB028 9/19/2022  9:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB028 230286-05: Replicate 1 Total suspended solids 4.8295 0-5
230287-05: Replicate 2 Total suspended solids 0.4935 0-5
LCS 1 Total suspended solids 95.35 77.1-110
MB 1 Total suspended solids -0.33 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: m%

M Turner, Laboratory Manager

23-Sep-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 3 of 3
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Sample Receipt Form
Company Name: A Date/Time: AW\ Al27, 115
Customer Contact: Woodsubl
Turnaround time:  NommalX¥  Rushiz _ days

Samples Reccived via:  Fedexm UPS1m USPSHo Customery! Othero:

Number of coolersboxes: | Type of Tve: Toe Cubes ) Ice Packs 1 Dry Ice o None o
Sample(s) Temp as Read (*C: N Corrected Temp (°C): _ Thermometer 1D
Comments:
Chain of Custody Present? No N/A
Samples Received Intact? No N/A
Samples Received within hold time? No

40 mL Vials Free of Headspace?

40 mL Vials Trip blank Present?

Sampics Properly Preserved?

Bottle Labels and C.0.C/WS} Agree? N/A
Total Number of Bottles Received?

Chain of Custody Fully Completed? No N/A
Correct bottles/containers Received? No N/A
ENW Bottles Used? gs No unkn

Preservatives for bottles/containers:

N#
Comments:
Received by: Date/Time:  DAftal2.
Page 1of 1 Environmental Services

350 Hifls St. Suite 107, Richland, WA 99354
Phone: 509-377-8058  Fax: 509-377-8464
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" ENERGY
s NORTHWEST

Sample Receipt Form

Company Name:._'__[_,_{ 3;\:\) of Weet @idnland Date/Time: ’Daih‘%\‘?/?, 125
Customer Contact: _ Dygay \MDDO\J/MW i

Tumaround time: I{?o'rmal‘ﬁé Rush v days
Samples Reeeived via: Fedexo UPS o USPSz Customery Othero: .
Number of coolers/boxes: M_JW_ Type of ice: Iee Cubes ¥ Tce Packs o Drylee o None

Sample(s) Temp as Read CCxNR  Corrected Temp (°Cy:_ 'Thermometer D

Comments:

Chain of Custody Present?
Samples Received Intact? _
Samples Received within hold time?

Nc-'

Yes

40 mL Vials Free of Headspace?

40 mL Vials Trip blank Present? Yes No
Samples Properly Preserved? Yes No
Bottle Labels and C.O.C/WSI Agree? | No
Total Number of Bottles Received? T2

Chain of Custody Fully Completed? No N/A

Correet bottles/containers Received? No N/A

ENW Bottles Llsed? $ ) No unkn

Preservatives for bottles/containers:

NA

Comments:

Received by: /Q%“ Date/Time: D4l1al27. _

Pageiof1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone: 509-377-8058  Fax: 509-377- 8464




ENERGY NORTHWE

L PRECISION LABS

Report of Analysis

For:
3801 Van Giesen

City of West Richland

W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: SPG-Storm 6 - Inf 1 Lab Sample ID: 230291-01

Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 180 mg/L 2 jhill LB031 9/21/2022  9:00
Cust Sample #: SPG-Storm 6 - Inf 2 Lab Sample ID: 230291-02

Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 160 mg/L 2 jhill LB031 9/21/2022  9:00
Cust Sample #: SPG-Storm 6 - Inf 3 Lab Sample ID: 230291-03

Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 100 mg/L 2 jhill LB031 9/21/2022  9:00
Cust Sample #: SPG-Storm 6 - Loc 1 Lab Sample ID: 230291-04

Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1200 mg/L 10 jhill LB031 9/21/2022  9:00
Cust Sample #: SPG-Storm 6 - Loc 2 Lab Sample ID: 230291-05

Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 1100 mg/L 10 jhill LB032 9/27/2022 7:00
Cust Sample #: SPG-Storm 6 - Loc 3 Lab Sample ID: 230291-06

Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 390 mg/L 10 jhill LB032 9/27/2022 7:00
Cust Sample #: SPG-Storm 6 - Loc 4 Lab Sample ID: 230291-07

Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst C Batch Analyzed

Total suspended solids SM 2540D 1300 mg/L 10 jhill LB032 9/27/2022 7:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 2



Cust Sample #: SPG-Storm 6 - Loc 5 Lab Sample ID: 230291-08
Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 340 mg/L 10 jhill LB032 9/27/2022  7:00
Cust Sample #: SPG-Storm 6 - Loc 6 Lab Sample ID: 230291-09
Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 220 mg/L 5 jhill LB032 9/27/2022  7:00
Cust Sample #: SPG-Storm 6 - Loc 7 Lab Sample ID: 230291-10
Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 140 mg/L 5 jhill LB032 9/27/2022  7:00
Cust Sample #: SPG-Storm 6 - Loc 8 Lab Sample ID: 230291-11
Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 93 mg/L 5 jhill LB032 9/27/2022  7:00
Cust Sample #: SPG-Storm 6 - end Lab Sample ID: 230291-12
Site: City of West Richland Collection Date: 9/20/2022 7:49 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 83 mg/L 2 jhill LB032 9/27/2022  7:00
QC Results
QCBatch ID QClID Parameter % Recovery /| RPD Control Limits
LB031 230291-04: Replicate 1 Total suspended solids 1.2068 0-5
230296-05: Replicate 2 Total suspended solids 3.7001 0-5
LCS 1 Total suspended solids 79.25 77.1-110
MB 1 Total suspended solids -0.3 -1
LB032 230291-05: Replicate 1 Total suspended solids 1.9327 0-5
LCS 1 Total suspended solids 88.45 77.1-110
MB 1 Total suspended solids 0.0 -1

Qualifier: * Replicate RPD outside acceptable range of <56%. A sample and its replicate may vary due to sample matrix and concentration. Other
QC within acceptable range. Samples reported without qualification.

Approved:

NS BN PO

M Turner, Laboratory Manager

30-Sep-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 2 of 2
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Environmental Services
350 Hills Street Suite 107, Richland, WA 89354
Phone: 509-377-8058 Fax: 5009-377-8464

Matrix
S - Sail
WW - Waste Water
DW - Drinking Water
0-0#
N - NPDES
Ot - Other
Rush TAT
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Being duly authorized and empowered by Customer, by signing below, Customer agrees to having reviewed, understood, and is fully accepting of the terms on the reverse side of this form.

Print / Signature

/

Sayment Type (sircle) Paid

2633

CcC Check

Date ! Time

Sosf17 1224

Received by:

Afount ™

Print / Sighature
Received by:

Fiease make all checks payable to
Energy Northwest

Date  Time

Sample Condition at Receipt
Temperaturo {circle }:
Ambient Cald Frozen
Contairers intact/ Lids tight
VGC Vials wio Headspace
Labels Match Custody



Sample Receipt Form

Company Name I(J Q_

Customer Contact:

Turnaround time: Normal Rush o days

Date/Time:

Samples Received via: Fedexn UPSc USPSo Custome Other o

Comments:

Chain of Custody Present? No N/A

Samples Received Intact? No N/A

Samples Received within hold time? No

40 mL Vials Free of Headspace? Yes No

40 mL Vials Trip blank Present? No

Samples Properly Preserved? No

Boltle Labels and C.O No N/A

Total Number of Bottles Received? !/

Chain of Custody Fully Completed?  Yes No N/A

Correct bottles/containers Received? No N/A

ENW Bottles Used? No unkn
Preservatives for bottles/containers

A
Comments:
Received by: Date/Time
Page1of1l Environmental Services

350 Hills St. Suite 107, Richliand, WA 99354
Phone: 509-377-8058 Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: Influent Background Lab Sample ID: 230401-01
Site: City of West Richland Collection Date: 10/17/2022 12:00 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 9.4 mg/L 2 jhill LB035 10/19/202  8:00
Cust Sample #: #1 Lab Sample ID: 230401-02

Site: City of West Richland Collection Date: 10/17/2022 12:00 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 58 mg/L 5 jhill LB035 10/19/202  8:00
Cust Sample #: #2 Lab Sample ID: 230401-03

Site: City of West Richland Collection Date: 10/17/2022 12:00 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 22 mg/L 5 jhill LBO035 10/19/202  8:00
Cust Sample #: #3 Lab Sample ID: 230401-04

Site: City of West Richland Collection Date: 10/17/2022 12:00 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 33 mg/L 5 jhill LB035 10/19/202  8:00
Cust Sample #: #4 Lab Sample ID: 230401-05

Site: City of West Richland Collection Date: 10/17/2022 12:00 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 29 mg/L 5 jhill LBO035 10/19/202  8:00
Cust Sample #: #5 Lab Sample ID: 230401-06

Site: City of West Richland Collection Date: 10/17/2022 12:00 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 20 mg/L 5 jhill LB035 10/19/202  8:00
Cust Sample #: #6 Lab Sample ID: 230401-07

Site: City of West Richland Collection Date: 10/17/2022 12:00 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 31 mg/L 5 jhill LBO035 10/19/202  8:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 2



Cust Sample #: #7

Lab Sample ID:

230401-08

Site: City of West Richland Collection Date: 10/17/2022 12:00 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 31 mg/L 5 jhill LBO035 10/19/202  8:00
Cust Sample #: #7 Lab Sample ID: 230401-09
Site: City of West Richland Collection Date: 10/17/2022 12:00 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 37 mg/L 5 jhill LBO035 10/19/202  8:00
QC Results
QCBatch ID QCID Parameter % Recovery / RPD Control Limits
LB035 230400-11: Replicate 1 Total suspended solids 8.9767 0-5
230401-09: Replicate 2 Total suspended solids 2.5083 0-5
LCS 1 Total suspended solids 109.2 77.1-110
MB 1 Total suspended solids -0.63 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: @(‘5"@*’3%

M Turner, Laboratory Manager

28-Oct-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 2 of 2
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ENERGY
NORTHWEST

Sample Receipt Form

Company Name: Cit/\l?(‘ WL‘*‘\Q\& hland Date/Time: \0[\‘55_1”21- \C_I‘"SZQ

Customer Contact: bﬂlu) \’\5 uao\ RUL (‘?

Tumaround time:  Normala  Rush o days

Samples Received via: Fedexm UPS©  USPS r Cus‘{'{)mcr% Other 2

Number of coolers/boxes: _ ZW Type-of ce: Ive Cubes 1;( Ive Packs o Drylce i Nonen

Sample(s) Temp as Read (°C): Corrected Temp (°C):____ Thermometer ID;

Comments:

Chain of Custody Present? I { No N/A

Samples Received Intact? ’Yes) No N/A

Samples Received within hold time? Y dg@ No N/A

40 mL Vials Free of Headspace? Yes No 'Ic\‘:i\)

40 mL Vials Trip blank Present? Yes No -L?Nf&

Samples Properly Preserved? Yes No (] N/A

Bottle Labels and C.0.C/WSI Agree? Yes No N/A

Total Number of Bottles Received?

Chain of Custody Fully Completed? s/ No N/A

Correct bottles/containers Received? Wes) No N/A

ENW Bottles Used? ( Y{;S No unkn
Preservatives for bottles/containers:
-
Comments:

WO's 250844, Uoo, Yot o1, Yoy
Floa- o .

Received by: /é\ ‘ Date/Time: h}[ 1‘6'1 2L 507,

Page lof1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone: 509-377-8058 Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: GBD2-Storm 1- Inf 1 Lab Sample ID: 230399-01

Site: City of West Richland Collection Date: 10/17/2022 2:05 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 2 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 1- Inf 2 Lab Sample ID: 230399-02

Site: City of West Richland Collection Date: 10/17/2022 2:10 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 100 mg/L 2 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 1- Inf 3 Lab Sample ID: 230399-03

Site: City of West Richland Collection Date: 10/17/2022 2:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 89 mg/L 2 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 1 - Loc 1 Lab Sample ID: 230399-04

Site: City of West Richland Collection Date: 10/17/2022 2:55 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 55 mg/L 5 jhill LB034 10/20/202 13:00
Cust Sample #: GBD2-Storm 1 - Loc 2 Lab Sample ID: 230399-05

Site: City of West Richland Collection Date: 10/17/2022 2:55 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 32 mg/L 5 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 1 - Loc 3 Lab Sample ID: 230399-06

Site: City of West Richland Collection Date: 10/17/2022 2:55 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 27 mg/L 5 jhill LB034 10/20/202 13:00
Cust Sample #: GBD2-Storm 1 - Loc 4 Lab Sample ID: 230399-07

Site: City of West Richland Collection Date: 10/17/2022 2:55 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 26 mg/L 5 jhill LB034 10/20/202 13:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 2



Cust Sample #: GBD2-Storm 1 - Loc 5

Lab Sample ID:

230399-08

Site: City of West Richland Collection Date: 10/17/2022 2:55 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 20 mg/L 5 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 1 - Loc 6 Lab Sample ID: 230399-09
Site: City of West Richland Collection Date: 10/17/2022 2:55 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 27 mg/L 5 jhill LB034 10/20/202.  13:00
Cust Sample #: GBD2-Storm 1 - Loc 7 Lab Sample ID: 230399-10
Site: City of West Richland Collection Date: 10/17/2022 2:55 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 26 mg/L 5 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 1 - Loc 8 Lab Sample ID: 230399-11
Site: City of West Richland Collection Date: 10/17/2022 2:55 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 17 mg/L 5 jhill LB034 10/20/202  13:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB034 230399-03: Replicate 1 Total suspended solids 11.3604 0-5
230400-07: Replicate 2 Total suspended solids 11.5119 0-5
LCS 1 Total suspended solids 109.6 77.1-110
MB 1 Total suspended solids 0.1 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: W%

M Turner, Laboratory Manager

28-Oct-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 2 of 2



Account Information

Mailing Address: D

S
Bifing Adress (f different) g ké%
3 2
. y 5 W
Receive Invoice: ] Hard Copy Emait Report:  [[] Hard Copy ﬁ il g LA )
1ab Sample identification Collectinn  Colection . g w
Use Onty {Location, Name, Code, eft) bate Tirng a3 "’“
D1 BDI-§¥vm |- Tun w7 oS, ww 1 X
O - Tufa I ! I %
D2, - 3 3:18 »
O ~loct 2155 7°
oT - L. > | o
O Lo’ X
D7 ~LocH X
g Lo S 7S
A ~Lolp I
Lo -Lloe 1 s
0y ~o K 4 L & L
Being duty and smpowerad by by 1o

N Print | Bate § Time Print f
Retingubs: Received by:
Ol BALA VAR 18
Aefinguished by™> | Received by

by Iab:
’ st 2 ©
Flease make alf checks payable to
Co Chenk % Energy Northwest

28334 R2

nes

Broject iD

99365

Chain of Custody
Services Sales Order

Drder ID Requested Yests

VEDARA G

Environmental Services
350 Hifls Street Suite 107, Richlandg, WA 90354
Phone: S08-377-8058  Fax: S08-377-5464

Matrix

5 - Soil
WW - Waste Water
PW - Drinking Water
[+ B el]
N-NPDES
Ot - Gther

Rush TAT
Flyses 13 No
#of working days:

Diate Requestad:

Plewse tndede
RA/RL f/.{.mﬁi‘m,\}f
vErBvl- & Q?fm)wfé
b dNS

¥
Crraveein SToviaa

Bate [ Time

Sample Condition at Recsipt
Tamporature {eirtie i

Ambiont Cotet Frozen

{1 Contuiness intacy Lids fight
3 %00 Visls wio Headspace
{3 tabets Matoh Custody



. AENERGY
NORTHWEST

Sample Receipt Form

Company Name: Ci’fa ol Wesk Richlwnd Date/Time: 10h1%12 1552,
Customer Contact; Wuu WO:}A R\A(ﬂ@

Turnaround time: Normal o Rush © days

Samples Recetved via: Fedex UPSo USPSo Customer% Other o:

Number of coolers/boxes: 2. Type of Ice: Ice Cubes T;{ Ice Packs o Dry Ice o None o

Sample(s) Temp as Read (°C): Corrected Temp (°C):__ Thermometer 1D:
Comments:
Chain of Custody Present? No N/A
Samples Received Intact? No N/A
Samples Received within hold time? No N/A
40 ml. Vials Free of Headspace? No ¢
40 mL Vials Trip blank Pregsent? No N/

Samples Property Preserved? Yes NolN/AJ
Botile Labefs and C.0.C/WSI Agree? (Yes No N/A
‘Fotal Number of Bottles Received?

Chain of Custedy Fully Completed? es/ No N/A
Correct bottles/containers Received? No N/A
ENW Bottles Used? No unkn

Preservatives for bottles/containers;

Comments:

WO'e, 220844, Yoo, Yol Hol, Hod

Received by: /9/‘%9@‘ Date/Time: l?[lﬁ‘[‘l’L 15052

Page1of1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone: 506-377-8058 ¥Fax: 509-377-8464




FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: GBD2-Storm 2- Inf 1 Lab Sample ID: 230400-01
Site: City of West Richland Collection Date: 10/17/2022 3:40 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 120 mg/L 2 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 2- Inf 2 Lab Sample ID: 230400-02

Site: City of West Richland Collection Date: 10/17/2022 3:45 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 2 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 2- Inf 3 Lab Sample ID: 230400-03

Site: City of West Richland Collection Date: 10/17/2022 3:50 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 2 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 2 - Loc 1 Lab Sample ID: 230400-04

Site: City of West Richland Collection Date: 10/17/2022 4:35 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 5 jhill LB034 10/20/202 13:00
Cust Sample #: GBD2-Storm 2 - Loc 2 Lab Sample ID: 230400-05

Site: City of West Richland Collection Date: 10/17/2022 4:35 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 54 mg/L 5 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 2 - Loc 3 Lab Sample ID: 230400-06

Site: City of West Richland Collection Date: 10/17/2022 4:35 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 43 mg/L 5 jhill LB034 10/20/202 13:00
Cust Sample #: GBD2-Storm 2 - Loc 4 Lab Sample ID: 230400-07

Site: City of West Richland Collection Date: 10/17/2022 4:35 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 31 mg/L 5 jhill LB034 10/20/202 13:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058
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Cust Sample #: GBD2-Storm 2 - Loc 5 Lab Sample ID: 230400-08
Site: City of West Richland Collection Date: 10/17/2022 4:35 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 28 mg/L 5 jhill LB034 10/20/202  13:00
Cust Sample #: GBD2-Storm 2 - Loc 6 Lab Sample ID: 230400-09
Site: City of West Richland Collection Date: 10/17/2022 4:35 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 22 mg/L 5 jhill LB034 10/20/202.  13:00
Cust Sample #: GBD2-Storm 2 - Loc 7 Lab Sample ID: 230400-10
Site: City of West Richland Collection Date: 10/17/2022 4:35 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 17 mg/L 5 jhill LBO035 10/19/202  8:00
Cust Sample #: GBD2-Storm 2 - Loc 8 Lab Sample ID: 230400-11
Site: City of West Richland Collection Date: 10/17/2022 4:35 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 15 mg/L 5 jhill LBO035 10/19/202  8:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB034 230399-03: Replicate 1 Total suspended solids 11.3604 0-5
230400-07: Replicate 2 Total suspended solids 11.5119 0-5
LCS 1 Total suspended solids 109.6 77.1-110
MB 1 Total suspended solids 0.1 -1
LBO035 230400-11: Replicate 1 Total suspended solids 8.9767 0-5
230401-09: Replicate 2 Total suspended solids 2.5083 0-5
LCS 1 Total suspended solids 109.2 77.1-110
MB 1 Total suspended solids -0.63 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: m%

M Turner, Laboratory Manager

28-Oct-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058
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Sample Receipt Form

Company Name: Cify> Og WLQ"QML’\W\A Date/Time: \ali%‘l’l’l- 1S5
1,

Customer Contact: D(’MWDW\ P\ULH

Turnaround time:  Normal v Rush & days

Samples Received via: Fedexsy UPS©  USPS o _Gustomer\;{ Other o

Number of coolers/boxes: 7. Type of Tce: Ice Cubes ?,j( Ice Packs o Drylcem Nonen

Sample(s) Temp as Read (°C): Corrected Temp (°C): Thermometer ID:
P Comments;
Chain of Custody Present? 1 ‘fe,_s) No N/A
Samples Received Intact? Yes/ No N/A

Samples Received within hold time? Lc,s, No N/A

40 mL Vials Free of Headspace? Yes No @7‘%
40 mL Vials Trip blank Present? Yes No 7N/A
Samples Properly Preserved? Yes No{ N/A

Bottle Labels and C.0.C/WST Agree? Ves MNo N/A
Total Number of Bottles Received?

Chain of Cusiody Fully Completed? SYes) No N/A

Correct bottles/containers Received? \Yes) No N/A

ENW Bottles Used? No unkn

Preservatives for bottles/containers:

Commenis:

WO, 250844, dop, dol Hor, tod,

‘.
Received by: /{’}; Zo'l Date/Time: 1'9[“5“['2?’ 557

Page 1of1 Environmental Services
350 Hills St. Suite 107, Richiand, WA 99354
Phone: 509-377-8058 Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: GBD2-Storm 3- Inf 1 Lab Sample ID: 230402-01
Site: City of West Richland Collection Date: 10/18/2022 12:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 140 mg/L 5 jhill LB037 10/20/202  13:00
Cust Sample #: GBD2-Storm 3- Inf 2 Lab Sample ID: 230402-02

Site: City of West Richland Collection Date: 10/18/2022 12:20 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 5 jhill LB037 10/20/202  13:00
Cust Sample #: GBD2-Storm 3- Inf 3 Lab Sample ID: 230402-03

Site: City of West Richland Collection Date: 10/18/2022 12:25 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 65 mg/L 5 jhill LB037 10/20/202  13:00
Cust Sample #: GBD2-Storm 3 - Loc 1 Lab Sample ID: 230402-04

Site: City of West Richland Collection Date: 10/18/2022 1:05 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 250 mg/L 5 jhill LB037 10/20/202 13:00
Cust Sample #: GBD2-Storm 3 - Loc 2 Lab Sample ID: 230402-05

Site: City of West Richland Collection Date: 10/18/2022 1:05 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 100 mg/L 5 jhill LB037 10/20/202  13:00
Cust Sample #: GBD2-Storm 3 - Loc 3 Lab Sample ID: 230402-06

Site: City of West Richland Collection Date: 10/18/2022 1:05 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 80 mg/L 5 jhill LB037 10/20/202 13:00
Cust Sample #: GBD2-Storm 3 - Loc 4 Lab Sample ID: 230402-07

Site: City of West Richland Collection Date: 10/18/2022 1:05 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 55 mg/L 5 jhill LB037 10/20/202 13:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058
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Cust Sample #: GBD2-Storm 3 - Loc 5

Lab Sample ID:

230402-08

Site: City of West Richland Collection Date: 10/18/2022 1:05 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 52 mg/L 5 jhill LB037 10/20/202  13:00
Cust Sample #: GBD2-Storm 3 - Loc 6 Lab Sample ID: 230402-09
Site: City of West Richland Collection Date: 10/18/2022 1:05 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 35 mg/L 5 jhill LB037 10/20/202.  13:00
Cust Sample #: GBD2-Storm 3 - Loc 7 Lab Sample ID: 230402-10
Site: City of West Richland Collection Date: 10/18/2022 1:05 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 41 mg/L 5 jhill LB037 10/20/202  13:00
Cust Sample #: GBD2-Storm 3 - Loc 8 Lab Sample ID: 230402-11
Site: City of West Richland Collection Date: 10/18/2022 1:05 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 76 mg/L 5 jhill LB037 10/20/202  13:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB037 230402-05: Replicate 1 Total suspended solids 3.4082 0-5
230413-09: Replicate 2 Total suspended solids 2.5126 0-5
LCS 1 Total suspended solids 92.55 77.1-110
MB 1 Total suspended solids 0.23 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration.
Other QC within acceptable range. Samples reported without qualification.

Approved: W%

M Turner, Laboratory Manager

28-Oct-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 2 of 2



Chain of Custody Environmental Services
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Sample Receipt Form

Company Name: C {tr\ 0('" Wesh {236 Date/Time: \ell%l’}’l\ o2

Customer Contact: Dﬂ@u—«‘ \'\'35’53 RM(WC'

Turnaround time:  Normalo  Rushno _ days

Samples Received via:  Fedexn UPSo  USPS m Customerxf Other m;

Number of coolers/boxes; 2. Type of Iee: fee Cubes‘?‘;( fce Packs w DryIce s None o

Sample(s) Temp as Read (°C): Corrected Temp (°C):_ Thermometer .,
- _ Comments:

Chain of Custody Present? (—Y9§) No N/A-

Samples Received Intact? \?Z;Q No N/A

Samples Received within hold time? @ No N/A

40 mL Vials Free of Headspace? Yes No 7N/A

40 mL Vials Trip blank Present? Yes No ﬁ?&)

Samples Properly Preserved? Yes No \@

Bottle Labels and €.0.C/WSI Agree? Yes No N/A

Total Number of Botties Received?

Chain of Custody Fully Completed? \bﬁa No N/A

Correct botties/containers Received? \¥es) No N/A

ENW Bottles Used? KY(:Q No unkn

Preservatives for bottles/containers:

Comments:

WU 2, 2?;0201/1 \ ‘—fDD‘ i»{m}%ol{qog)

Received by: /\Q/ %%_ Date/Time: !T’[lﬁ“[ 20 s

Page 1 of 1 Environmental Services
350 Hilis St. Suite 107, Richland, WA 99354
Phone: 509-377-8058 Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: GBD2-Storm 4- Inf 1 Lab Sample ID: 230403-01
Site: City of West Richland Collection Date: 10/18/2022 2:05 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 140 mg/L 5 jhill LB038 10/24/202.  13:00
Cust Sample #: GBD2-Storm 4- Inf 2 Lab Sample ID: 230403-02

Site: City of West Richland Collection Date: 10/18/2022 2:10 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 5 jhill LB038 10/24/202  13:00
Cust Sample #: GBD2-Storm 4- Inf 3 Lab Sample ID: 230403-03

Site: City of West Richland Collection Date: 10/18/2022 2:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 100 mg/L 5 jhill LB038 10/24/202  13:00
Cust Sample #: GBD2-Storm 4 - Loc 1 Lab Sample ID: 230403-04

Site: City of West Richland Collection Date: 10/18/2022 2:50 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 450 mg/L 5 jhill LB038 10/24/202  13:00
Cust Sample #: GBD2-Storm 4 - Loc 2 Lab Sample ID: 230403-05

Site: City of West Richland Collection Date: 10/18/2022 2:50 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 140 mg/L 5 jhill LB038 10/24/202  13:00
Cust Sample #: GBD2-Storm 4 - Loc 3 Lab Sample ID: 230403-06

Site: City of West Richland Collection Date: 10/18/2022 2:50 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 89 mg/L 5 jhill LB038 10/24/202  13:00
Cust Sample #: GBD2-Storm 4 - Loc 4 Lab Sample ID: 230403-07

Site: City of West Richland Collection Date: 10/18/2022 2:50 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 97 mg/L 5 jhill LB038 10/24/202  13:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 2



Cust Sample #: GBD2-Storm 4 - Loc 5

Lab Sample ID:

230403-08

Site: City of West Richland Collection Date: 10/18/2022 2:50 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 52 mg/L 5 jhill LB038 10/24/202  13:00
Cust Sample #: GBD2-Storm 4 - Loc 6 Lab Sample ID: 230403-09
Site: City of West Richland Collection Date: 10/18/2022 2:50 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 48 mg/L 5 jhill LB038 10/24/202  13:00
Cust Sample #: GBD2-Storm 4 - Loc 7 Lab Sample ID: 230403-10
Site: City of West Richland Collection Date: 10/18/2022 2:50 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 30 mg/L 5 jhill LB038 10/24/202  13:00
Cust Sample #: GBD2-Storm 4 - Loc 8 Lab Sample ID: 230403-11
Site: City of West Richland Collection Date: 10/18/2022 2:50 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 36 mg/L 5 jhill LB038 10/24/202  13:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB038 230403-04: Replicate 1 Total suspended solids 0.6617 0-5
230403-10: Replicate 2 Total suspended solids 13.9388 0-5
LCS 1 Total suspended solids 91.55 77.1-110
MB 1 Total suspended solids 0.05 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration. Other
QC within acceptable range. Samples reported without qualification.

Approved: W%

M Turner, Laboratory Manager

28-Oct-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 2 of 2
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Sample Receipt Form

Company Name: Ci a of Wesk Ry, hiad Date/Time: \Ol 1%1’?—1 1552,
Customer Contact: y&u \t'\' 95’55 RULF@

Turnaround time:  Normal v Rush o days

Samples Received via: Fedext UPSo  USPS o Custo‘mer‘gf Other o

Number of coolers/oxes: 2. . Type of Ice: Ice Cubes 2;( lce Packs 0 Dy Ice o None

Sample(s) Teaip as Read (°C): Corrected Temp (°C) Thermometer 1D;

Comments:
Chain of Custody Present? N/A
Samples Received Intact? N/A
Samples Reeeived within hold time? Ytﬁ No N/A
40 mL Vials Free of Headspace? Yes No IN7
40 mL Vials Trip blank Present? = Yes No N/
Samples Properly Preserved? Yes No \:ﬁ?!\\
Bottle Labels and C.0.C/WSI Agree? Yes No N/A
Total Number of Bottles Received? B
Chain of Custody Fully Completed? -‘\xe~ "No N/A
Correct bottles/containers Received? \Yes N/A
ENW Bottles Used? unkn

Preservatives for bottles/containers:

Comments:

WOU's, 23:13?:52/1 ¢ HoD, DEDI,L&)“L‘ Lo,

Received by: /\Q/J;%H ) Date/Time: l?{l" 1’2’2, 55,

Page lof1 Environmental Services
350 Hills St. Suite 107, Richland, WA 99354
Phone: 503-377-8058 Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: GBD2-Storm 5- Inf 1 Lab Sample ID: 230412-01
Site: City of West Richland Collection Date: 10/19/2022 9:35 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 190 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 5- Inf 2 Lab Sample ID: 230412-02

Site: City of West Richland Collection Date: 10/19/2022 9:40 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 140 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 5- Inf 3 Lab Sample ID: 230412-03

Site: City of West Richland Collection Date: 10/19/2022 9:45 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 5 - Loc 1 Lab Sample ID: 230412-04

Site: City of West Richland Collection Date: 10/19/2022 10:20 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 490 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 5 - Loc 2 Lab Sample ID: 230412-05

Site: City of West Richland Collection Date: 10/19/2022 10:20 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 270 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 5 - Loc 3 Lab Sample ID: 230412-06

Site: City of West Richland Collection Date: 10/19/2022 10:20 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 92 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 5 - Loc 4 Lab Sample ID: 230412-07

Site: City of West Richland Collection Date: 10/19/2022 10:20 AM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 82 mg/L 5 jhill LB036 10/20/202  8:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 1 of 2



Cust Sample #: GBD2-Storm 5 - Loc 5

Lab Sample ID:

230412-08

Site: City of West Richland Collection Date: 10/19/2022 10:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 100 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 5 - Loc 6 Lab Sample ID: 230412-09
Site: City of West Richland Collection Date: 10/19/2022 10:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 68 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 5 - Loc 7 Lab Sample ID: 230412-10
Site: City of West Richland Collection Date: 10/19/2022 10:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 51 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 5 - Loc 8 Lab Sample ID: 230412-11
Site: City of West Richland Collection Date: 10/19/2022 10:20 AM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 74 mg/L 5 jhill LB036 10/20/202  8:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB036 230412-05: Replicate 1 Total suspended solids 0.3532 0-5
230413-06: Replicate 2 Total suspended solids 4.8465 0-5
LCS 1 Total suspended solids 90.85 77.1-110
MB 1 Total suspended solids -0.2 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration. Other
QC within acceptable range. Samples reported without qualification.

Approved: W%

M Turner, Laboratory Manager

28-Oct-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058

Page 2 of 2



Chain of Custody Environmental Services
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) ENERGY i
Sample Receipt Form

Company Name: Li/; ; g{ \-)C\I ck&i( ‘ kl Date/Time:_/ 0/ ‘?Z?L -

It

Customer Contaci P;Ei )5{ P{r /ﬁ;/c; /D.V'@Du U) ?ué«f "/7(

Turnaround time: Norma% Rusho _ days

Samples Received via: Fedexo UPSm USPS o Cu-stomer}{ Other 13 _

Sample(s) Temp-as Read (°C): Aﬁq' Corrected Temp (°C): Thermometer 1D -
..... Comments:

Chain of Custody Present? ( }ﬁ_s) No N/A

Samples Received Intact? Yes No N/A

Samples Received within hold time? - Yu.) No N/A

40 mL Vials Free of Headspace? Yes No g\w}

40 mL Vials Trip blank Present? Yes No QA

Samples Properly Preserved? ( Yes, sy No N/A

Bottie Labels.and C.O.C/WSI Agree? YLS No N/A

Total Number of Bottles Received?

Chain of Custody Fully Completed? <Ye ) No N/A
Correct bottles/containers Received? (¥ éj) o N/A
ENW Bottles Used? C YB

Preservatives for bottles/containers:

Comments:

WO 230801 | Taou

.4

Received by:7f;.{.u' /"’"5*'://”, /'/1 Date/Time: __/¢) /f///z";? 2. 6/ 5?/

Page 1of i Environmental Services
350 Hilis St, Suite 107, Richland, WA 99354
Phone: 509-377-8058 Fax: 509-377-8464



FRERGT MOHTHANEST

A PRECISION LABS

For:

Report of Analysis

City of West Richland
3801 Van Giesen
W Richland, WA 99353

Attn: Drew Woodruff

Cust Sample #: GBD2-Storm 6- Inf 1 Lab Sample ID: 230413-01
Site: City of West Richland Collection Date: 10/19/2022 12:05 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 6- Inf 2 Lab Sample ID: 230413-02

Site: City of West Richland Collection Date: 10/19/2022 12:10 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 130 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 6- Inf 3 Lab Sample ID: 230413-03

Site: City of West Richland Collection Date: 10/19/2022 12:15 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 110 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 6 - Loc 1 Lab Sample ID: 230413-04

Site: City of West Richland Collection Date: 10/19/2022 12:48 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 310 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 6 - Loc 2 Lab Sample ID: 230413-05

Site: City of West Richland Collection Date: 10/19/2022 12:48 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 170 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 6 - Loc 3 Lab Sample ID: 230413-06

Site: City of West Richland Collection Date: 10/19/2022 12:48 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 95 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 6 - Loc 4 Lab Sample ID: 230413-07

Site: City of West Richland Collection Date: 10/19/2022 12:48 PM
| Analyte Method Sample Result BL Analyst QC Batch Analyzed

Total suspended solids SM 2540D 76 mg/L 5 jhill LB036 10/20/202  8:00

350 Hills Street suite 107
Richland, WA 99354
509-377-8058
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Cust Sample #: GBD2-Storm 6 - Loc 5 Lab Sample ID: 230413-08
Site: City of West Richland Collection Date: 10/19/2022 12:48 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 56 mg/L 5 jhill LB036 10/20/202  8:00
Cust Sample #: GBD2-Storm 6 - Loc 6 Lab Sample ID: 230413-09
Site: City of West Richland Collection Date: 10/19/2022 12:48 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 40 mg/L 5 jhill LB037 10/20/202.  13:00
Cust Sample #: GBD2-Storm 6 - Loc 7 Lab Sample ID: 230413-10
Site: City of West Richland Collection Date: 10/19/2022 12:48 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 35 mg/L 5 jhill LB037 10/20/202  13:00
Cust Sample #: GBD2-Storm 6 - Loc 8 Lab Sample ID: 230413-11
Site: City of West Richland Collection Date: 10/19/2022 12:48 PM
| Analyte Method Sample Result RL Analyst QC Batch Analyzed
Total suspended solids SM 2540D 34 mg/L 5 jhill LB037 10/20/202  13:00
QC Results
QCBatch ID QcClID Parameter % Recovery / RPD Control Limits
LB036 230412-05: Replicate 1 Total suspended solids 0.3532 0-5
230413-06: Replicate 2 Total suspended solids 4.8465 0-5
LCS 1 Total suspended solids 90.85 77.1-110
MB 1 Total suspended solids -0.2 -1
LB037 230402-05: Replicate 1 Total suspended solids 3.4082 0-5
230413-09: Replicate 2 Total suspended solids 2.5126 0-5
LCS 1 Total suspended solids 92.55 77.1-110
MB 1 Total suspended solids 0.23 -1

Qualifier: * Replicate RPD outside acceptable range of <5%. A sample and its replicate may vary due to sample matrix and concentration. Other
QC within acceptable range. Samples reported without qualification.

Approved: m%

M Turner, Laboratory Manager

28-Oct-22

350 Hills Street suite 107
Richland, WA 99354
509-377-8058
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Sample Receipt Form
Company Name: Date/{ime
Customer Contact ) mc&ru'[:{
Turnaround time: Norma% Rusho  days

Samples Received via:  Fedexn UPSa USPSt Customer Other o

Number of coolers/boxes: Nﬁ Type of Ice: Iece Cubes o Ice Packsm Dry Icem None r}(

Sample(s) Temp as Read (°C):_!_§{¢‘/1L Corrected Temp (°C):__ Thermometer ID
Comments:
Chain of Custody Present? No N/A
Samples Received Intact? No N/A
Samples Received within hold time? N
40 ml. Vials Free of Headspace? Yes N
40 mL Vials Trip blank Present? N
Samples Properly Preserved? No N/A
Bottle Labels and C.O.C/WSI Agree? No N/A
Total Number of Botties Received?
Chain of Custody Fully Completed? Ne N/A
Correct bottles/containers Received? No N/A
ENW Bottles Used? Yes No unkn
Preservatives for bottles/containers:
Comments:
230 L
Received by 71‘—21 ¢ Date/Time: 2. 3
Pagelofi Environmental Services

350 Hills St. Suite 107, Richiand, WA 99354
Phone:; 509-377-8058 Fax: 509-377-8464



Particle Size Distribution Report

& Geotechnical

Project No:
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GRAIN SIZE - mm.
0% +3" % Gravel % Sand % Fines
° Coarse Fine Coarse Medium Fine Silt \ Clay
0.0 82.0 17.0 0.0 0.5 0.2 0.3
Test Results (AASHTO T 27 & AASHTO T 11) Material Description
Opening Percent Spec.” Pass? Gravel Backfill for Drywells
Size Finer (Percent) (X=Fail)
15" 100.0 99.0 - 100.0
1 60.0 50.0-100.0 Atterberg Limits (ASTM D 4318)
3/4" 18.0 0.0-20.0 PL= LL= PI=
2t 1.0 o
3/8" 10 0.0-20 Classification
#4 10 USCS (D 2487)= GP AASHTO (M 145)=
#10 10 Coefficients
#16 10 Dgo= 33.6091 Dgs= 31.7302 Dgo= 25.4000
#30 0.5 Dgo= 23.7487 D3p= 20.8695 D15= 18.5157
#40 0.5 Dip= 174634  Cy= 145 Ce= 0.98
#100 0.4
#200 0.3 0.0-15 _ Remarks
Sampled By: Client
Date Received: 10/10/22 Date Tested: 10/17/22
Tested By: PH
Checked By: SW
Title: CSM
* WSDOT 9-03.12(5) Gravel Backfill for Drywells
Source of Sample: R140 CWA Kiona Pit Date Sampled:
Sample Number: 70913 P
5 . Tiitesiviniintais Clignt: City of West Richland
N Materials Testing Project: Stormwater Grant
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Particle Size Distribution Report
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100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
0% +3" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt \ Clay
0.0 0.0 87.0 12.0 0.0 0.7 0.3
Test Results (AASHTO T 27 & AASHTO T 11) Material Description
Opening Percent Spec.* Pass? #8 Coarse Concrete Aggregate
Size Finer (Percent) (X=Fail)
12" 100.0 100.0
3/8" 8L.0 85.0 - 100.0 X Atterberg Limits (ASTM D 4318)
#4 13.0 10.0-30.0 PL= LL= PI=
#3 1.0 0.0-10.0
#16 10 0.0-50 Classification
#30 10 USCS (D 2487)= GP AASHTO (M 145)=
#50 10 Coefficients
#100 0.4 Dgo= 10.7629 Dgs= 10.0219 Dgo= 7.6762
#200 0.3 Dgo= 7.0030 D3o= 5.8021 Di5= 4.8883
Dig= 4.1972 c,= 183 Ce= 1.04
Remarks
Sampled By: Client
Date Received: 10-10 Date Tested: 10/17/22
Tested By: PH
Checked By: SW
Title: CSM
* WSDOT Coarse Concrete Aggregate AASHTO No. 8
Source of Sample: R140 CWA Kiona Pit Date Sampled:
Sample Number: 70912 P

_ Intermountain Clignt: City of West Richland
Materials Testing Project: Stormwater Grant

& Geotechnical

Project No: 22273 Figure




Final TER Non-Vegetated Filtration Swale Stormwater Effectiveness Study

Appendix G — Non-Vegetated Filtration Swale and Biofiltration Swale Lifecycle Costs

Table G 9-1 below provides a brief comparison between costs for a biofiltration swale and non-vegetated
filtration swale. The biofiltration swale and the non-vegetated filtration swale were sized for the same basin
and water quality flow event. The biofiltration swale has a 2-foot bottom width and is 133 feet long; the
non-vegetated filtration swale has a 2-foot bottom width and is 200 feet long. The unit costs for each line
item were obtained from the WSDOT standard unit bid analysis tool.

Table G 9-1: Construction cost comparison for biofiltration and non-vegetated filtration swales

Biofiltration Swale

Cost to Construct BMP (use Unit Bid Analysis)*

Quantity Units S/Unit Total Cost
Mobilization? S 2,425.38
Excavation 232.8 cYy S  65.00 $15,128.75
Turf grass® 125 SY S 48.00 S 6,000.00
Irrigation System?* 1 LS $ 7,500.00 S 7,500.00
Total Cost of Construction $31,491.63

Non-Vegetated Filtration Swale

Cost to Construct BMP (use Unit Bid Analysis)*

Quantity Units S/Unit Total Cost
Mobilization? S 2,485.21
Excavation 350 CcY S 65.00 $ 22,750.00
Gravel Backfill for drywells 24.9 CcYy S 81.76 S 2,035.82
Pea Gravel 5.1 cYy S 52.76 S  269.08
Total Cost of Construction $27,560.39

11f a catch basin is needed, the cost per unit was estimated to be $1,783.33.

2 Mobilization costs were assumed to be equal to 10% of the total cost of the other items.

3 The cost in the table reflects the use of sod to establish grass. Seeding and mulching estimates from the WSDOT Unit
Bid Analysis tool for this size swale resulted in a higher cost than sod. As such, it was assumed the cheaper material
would be used to stabilize the swale.

4|f irrigation is required, additional costs related to installation of a water meter, 1-inch service line, and connection
fees are estimated to be a minimum of $8,459. This cost would increase if a water main is not immediately adjacent to
the site, if roadway surface repair is needed, or if power is not readily available for irrigation controllers.

The annual cost to maintain the biofiltration swale is anticipated to be equivalent to 5-8% of the capital
cost of the BMP (Barrett, 2005; Houle et al, 2013). This cost is expected to include the items shown in Table
G 9-2 and Table G 9-3. The non-vegetated filtration swale is not expected to need mowing or maintenance
related to the irrigation system. However, the maintenance actions needed to restore treatment
performance of the swale are unknown and, as such, the costs are unknown. Because a comparison of
maintenance costs was not able to be developed, Table G 9-2 is included, which provides a comparison of
the primary maintenance needs for both swales. Table G 9-3 provides a detailed side-by-side comparison of
the maintenance needs for both types of swales with the biofiltration items from SWMMEW Table 5.43.

April 2023 Page | 90



Final TER Non-Vegetated Filtration Swale Stormwater Effectiveness Study

Table G 9-2: Maintenance actions comparison for biofiltration and non-vegetated filtration swales

Non-Vegetated Filtration

Maintenance Action Biofiltration Swale
Swale
Maintain adequate grass growth and eliminate bare spots X
Mow grass (as needed) X
Remove deposited sediment at inlet and outlet X X
Remove leaves, litter, and other debris in swale X X
Restore treatment performance every 2-3 years X
Irrigation system maintenance?! X
Double check valve annual inspection X

LIt is important to note that there is an annual cost associated with water usage when an irrigation system is running.
From discussions with the TAC, irrigation systems may run 3—4 times during the growing season, for about 20 minutes
each time.

April 2023 Page | 91



Final TER

Non-Vegetated Filtration Swale Stormwater Effectiveness Study

Table G 9-3: Detailed comparison of maintenance actions for biofiltration and non-vegetated filtration swales

Defect or Problem

Biofiltration Swales

Non-Vegetated Filtration Swale

Sediment Accumulation on
Grass

Condition When Maintenance is Needed
Sediment depth > 2 inches.

Recommended Maintenance to Correct Problem
e Remove sediment deposits on grass treatment
area of the biofiltration swale. When finished,
swale should be level from side to side and drain
freely toward outlet.
e There should be no areas of standing water once
inflow has ceased.

Condition When Maintenance is Needed
Indicators of sediment accumulation include:
¢ Flow above the surface of the rock during the
water quality or smaller storm event
e Vegetation growing in the swale
Pay special attention to the first 25 feet and last 25
feet of the swale.

Recommended Maintenance to Correct Problem
e Remove the sediment and treatment rock layer
around the indicator or throughout the swale as
applicable.
e Replace with clean rock to match original rock
gradations and depth.

Standing Water

When water stands in the swale between storms
and does not drain freely.

Any of the following may apply:

e Check for overwatering or soil saturation in swale

e Check the outlet and remove sediment or trash
blockages

¢ Verify the swale bottom is infiltrating

e Improve grade from head to foot of swale

e Remove clogged check dams

e Add underdrains or convert to a wet biofiltration
swale

When water stands in the swale between storms
and does not drain freely.

e Check the outlet of the swale for any debris or
blockage.

o Verify the swale bottom is infiltrating.

e Improve grade from head to foot of swale.

When grass is sparse or bare or eroded patches
occur in > 10% of the swale bottom.

e Determine why grass growth is poor and correct
that condition.

When rock-eroded channels occur in >10% of the
swale bottom.

e Assess why channel eroded and correct that
condition.

debris.

blockage in the inlet and outlet area.

debris.

Poor Coverage e Replant with plugs of grass from the upper slope: e Add new rock to fix the eroded channel.
plant in the swale bottom at 8-inch intervals or
reseed into loosened, fertile soil.
When the grass becomes excessively tall (> 10 e Mow vegetation or remove nuisance vegetation When grass or weeds become visually present in e Remove grass or weeds so that flow is not
inches); when nuisance weeds and other vegetation so that flow is not impeded. the swale. impeded.
start to take over. e Grass should be mowed to a height of 3 to e Check the treatment rock layer for sediment
Vegetation 4 inches. Remove grass clippings. buildup below the surface by removing rock
down to the pea gravel and/or down to the
subsoil. If sediment is found in the rock, remove
affected rock and replace with new clean rock to
match original rock gradations and depth.
Inlet/Outlet Inlet/outlet areas clogged with sediment and/or Remove material so that there is no clogging or Inlet/outlet areas clogged with sediment and/or Remove material so that there is no clogging or

blockage in the inlet and outlet area.

Trash and Debris Accumulation

Trash and debris accumulated in the biofiltration
swale.

Remove trash and debris from biofiltration swale.

Trash and debris accumulated in the swale.

Remove trash and debris from swale.

Erosion/Scouring

Eroded or scoured swale bottom due to flow
channelization or higher flows.

e For ruts or bare areas < 12 inches wide, repair the
damaged area by filling with crushed gravel.

e If bare areas are large, generally > 12 inches wide,
the swale should be regraded and reseeded.

e For smaller bare areas, overseed when bare spots
are evident, or take plugs of grass from the upper
slope and plant in the swale bottom at 8-inch
intervals.

Eroded or scoured swale bottom due to flow
channelization, or higher flows.

e For ruts < 12 inches wide, repair the damaged
area by replacing with the applicable rock
gradations. If ruts are large, generally > 12 inches
wide, the swale should be regraded in the area.

e Consider increasing the size of/adding a layer of
2.5” coarse cobbles at a depth of 2.5 inches on
top of the existing rock if erosion or scouring
occurred during flow 25-year or small event.

Restore Treatment
Performance

Assuming the maintenance actions in this table are
performed, restoration of treatment performance
is not expected to be needed until the end of the
lifecycle for the BMP.

See actions listed above.

Treatment performance does not meet TAPE
treatment performance goals. No visual indicators
were observed during field testing; additional
testing is needed and/or maintenance will likely
need to occur on a schedule.

The maintenance actions needed to restore
treatment performance of the swale are unknown;
potential actions include flushing the swale with
water or removal of treatment rock layer near the
inflow location.
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