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1.0 INTRODUCTION

This technical memorandum documents existing shallow soil and groundwater conditions in 50
bioretention facilities greater than 10 years in operation throughout Western Washington and the Puget
Sound area (Figure 1). This technical memorandum was prepared in accordance with Task 3 of the
contract scope of work. Associated Earth Sciences, Inc. (AESI) documented the current condition of each
facility relative to the as-built drawings and available background geotechnical information, collected
shallow soil and groundwater conditions data related to bioretention cell function, and performed
infiltration testing.

This technical memorandum has been prepared for the exclusive use of the City of Olympia and their
agents for specific application to this project. Within the limitations of scope, schedule, and budget, our
services have been performed in accordance with generally accepted hydrogeologic and geotechnical
practices in effect in this area at the time our document was prepared. No other warranty, express or
implied, is made.

2.0 PURPOSE AND SCOPE

The purpose of our work was to provide in-field documentation data to assess effectiveness of
bioretention hydrologic performance and maintenance, to evaluate shallow soil and groundwater
conditions, and perform infiltration testing on 50 bioretention facilities.

Specifically, our scope included the following activities:

e Review of project documents.

e Review of site plans relative to the constructed facility, in particular, the number and location of
inlets, energy dissipation devices, outlets, and other flow-related details.

e Site reconnaissance.

e Visual condition assessment of erosion and deposition features near inlet and outlet.

e Excavate shallow hand augers through the bioretention soil.
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e (Classify sediment according to the Unified Soil Classification System (USCS) and American Society
for Testing and Materials (ASTM) D2488, “Standard Recommended Practice for Description of
Soils.”

e Collect samples for laboratory testing of (1) particle size distribution in accordance with ASTM
D422-63, “Standard Test Method for Particle-Size Analysis of Soils”; (2) organic matter content
per ASTM D2974.

e Conduct qualitative assessment of soil compaction via T-probe.

e Conduct facility scale infiltration testing.

e Preparation of descriptive exploration logs for each exploration.

e Preparation of this summary document.

Appendix A to this report includes individual Site Assessment Forms for each site. The Site Assessment
Forms include a detailed description of site features, a map of existing facility features and the locations
of hand-auger boreholes completed for each site, exploration logs and laboratory testing data, soil probe
summary, and field infiltration testing data. Several site photos are included.

3.0 METHODS

Site information was collected in accordance with the project Quality Assurance Project Plan (June 1,
2023). Site information consisted of document review, field observations, shallow soil and groundwater
data, infiltration measurements and geotechnical laboratory testing. These are described in more detail
below.

3.1 Document Review

We reviewed available civil drainage plans and drainage reports for construction date, construction details
(number and locations of inlets, energy dissipation devices, outlets and other flow-related details), soil
specification information, and design infiltration rate information. We reviewed topographic, geologic,
and hydrogeologic setting of each site both from regional studies and where available, background site-
specific geotechnical and groundwater studies.

3.2 Cell Construction Information

General site information was documented for each cell including drone imagery (if allowed by local
regulation), cell base area, inflow, energy dissipation elements, overflow, presence of an underdrain,
condition of the inlets and overflow, and approximate construction date. The cell base area was sketched
onto the base aerial image and then the area was estimated. The diameter or width of each element was
measured with a tape incremented in hundredths of feet.

3.3 Cell Substrate and Condition

The mulch presence, type and approximate extent coverage was visually estimated. Erosion and
deposition were documented for each inlet, and the presence of scour or other flow paths through the
cell were documented. Observations were made of animal or insect burrows and feces, and trash. The
thickness of loose bioretention soil as a qualitative indicator of compaction was estimated through use of
a geotechnical soils T-probe. This qualitative data was used in conjunction with the hand-auger
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observations to understand loose soil thickness and relative potential compactness of the bioretention
soils at depth. General vegetation observations were included.

3.4 Subsurface exploration

Limited information on subsurface conditions was obtained from hand-auger samples and soil probe
penetration measurements at about 2-foot increments in each hand-augered borehole. For most cells,
one hand boring was performed in the facility bottom and advanced to a depth of 8 to 10 feet or refusal
to document bioretention soil thickness and underlying sediments and to allow for temporary well point
installation. Two additional hand borings were completed to depths of 2 to 4 feet to document the
bioretention soil section. Representative samples were collected, visually classified in the field, stored in
water-tight containers, and transported to AESI’s offices for additional classification, geotechnical testing
and study. The sediments were described by visual and textural examination using the soil classification
in general accordance with ASTM D-2488, Standard Recommended Practice for Description of Soils.
Hydrogeologic analysis and geologic unit assignment were conducted to estimate infiltration capacity of
the native subgrade sediments. At the conclusion of the excavation, each borehole was immediately
backfilled with the excavated material or completed as a temporary monitoring wellpoint for use during
the infiltration test and the bioretention soil replaced.

The various types of sediments, as well as the depths where characteristics of the sediments changed, are
indicated on the exploration logs presented in Appendix A. A detailed record of the observed bioretention
soil, subsurface soil, geology, and groundwater conditions was made. The depths indicated on the logs
where conditions changed may represent gradational variations between sediment types in the field. The
exploration logs in Appendix A are based on field observations, inspection of the samples, and where
applicable, laboratory grain-size analysis. Our explorations were approximately located in the field relative
to known site features, and are shown on each site map included in Appendix A.

3.5 Geotechnical Laboratory Testing

The bioretention soil and native subgrade sediments were further classified using geotechnical laboratory
testing procedures. Three samples from each facility will be tested for particle size distribution and
percent organic matter, two from the bioretention media and one from the native subgrade, reported
individually and in aggregate. The bioretention soil was tested for organic matter content using the Ash
Content and Organic Material test method (ASTM D-2974) to estimate the percent organic matter, and
the burned material will then be washed and sieved in accordance with ASTM D-1140 and ASTM D-6913
testing procedures. The native subgrade sediments were washed and sieved in accordance with ASTM D-
1140 and ASTM D-6913 testing procedures.

3.6 Infiltration Rate Testing

Infiltration rate testing involves estimates of the ponded surface area, flow rate and volume of pumped
water, and depth of water. Flow rate and volume were measured to the nearest 0.1 gallon per minute
(gpm) and gallon. Water depths were measured in feet to the nearest 0.01 feet. The ponded surface
dimensions were typically irregular and were measured using hand tapes to the nearest 0.1 feet. The
ponded area will then be estimated by solving for trapezoidal areas. The accuracy of the resultant area
measurement is approximately 5 to 10 percent, and is dependent on the area size, shape irregularity and
obstructions (e.g., large vegetation).
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Infiltration rates were measured in one of two ways:

e Full-scale testing: where adequate water supply was available and the facility base area was
relatively small, field infiltration rates were measured by full-scale testing (maintaining a constant
level of water across the facility at a constant flow rate, and accurately measuring the wetted
pool); or

e Pilot infiltration test: when full-scale testing was not practical either due to high infiltration rates
or lack of water supply, infiltration rates will be measured using the Pilot Infiltration Test (PIT)
procedure. The PIT is not a standard test but rather a practical field procedure recommended by
Ecology. For sites with rapid infiltration rates and corresponding small wetted areas, a second PIT
was conducted in another portion of the cell base to obtain additional infiltration rate information
across the cell.

Each test was conducted by discharging water into the facility for a “soaking period,” to allow the receptor
soils to become saturated. After completion of the soaking period, water was discharged into the cell at a
rate sufficient to maintain a relatively constant head. This constitutes the “constant-head” phase of
infiltration testing. Immediately following the constant-head phase of infiltration testing, flow into the
facilities was discontinued, and the water level was monitored as it dropped. This constitutes the “falling-
head” portion of the infiltration testing. Total inflow or discharge time ranged from 6 to 8 hours. Falling
head data were collected for one hour. If water remained in the wellpoint after one hour, the datalogger
was left overnight to collect additional data.

The water for testing was obtained from hydrants, onsite hose bibs, or from a subcontracted water truck.
Hydrant permits were obtained, as applicable. During infiltration testing, the water was conveyed into the
bioretention cell via a digital flow meter with gallons per minute (gpm) and total gallon readouts and
discharged through a flow diffuser. Ponded water levels within the cell were monitored using a temporary
staff gauge marked in 0.01-foot increments typically installed in the low point of the cell, and within the
wellpoints or other subsurface observation ports with an electronic water level tape, and with digital
pressure transducers for the duration of the test. Data from the digital pressure transducers were
compensated for barometric response using a separate digital barometer. The test wetted area was
measured periodically during testing.

3.7 Groundwater and Ponding Depth Measurements.

During infiltration testing, surface ponding depth was measured with a staff gauge(s) and subsurface
ponding or groundwater was measured with a temporary monitoring wellpoint. For a subset of cells,
additional information on subsurface ponding was collected from existing monitoring or observation
ports, underdrain cleanouts, and/or catch basin structures. The temporary wellpoint and other monitoring
station(s) were equipped with a data logger during infiltration rate testing to compare with staff gauge
water level data within the facility.

4.0 DATA ANALYSIS AND RESULTS

The geotechnical and hydrogeologic assessment for the bioretention cells focused on:

e Comparison with As-builts —inlets, outlets, underdrains, overflow, base area
e Geologic/hydrogeologic setting
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e Infiltration Performance — bioretention soil and subgrade infiltration rates and shallow

groundwater considerations

e Bioretention surface conditions and soil
e Other observations that affect performance

Summary data tables are included in Appendix A. Details for each site are included in Appendix B.

Summary findings and graphics are presented below.

4.1 Cell Condition Relative to Plans

Key physical parameters are how the built system compares to design, the presence of an underdrain,
and condition of inflow and overflow points. Thirty-eight cells were consistent with the as-built plans for
physical drainage elements: inlets, overflow, underdrain, cell size and other structures. Three sites did not
have plans available for our review. Nine sites had a variety of differences from plans including non-
engineered overflow or bypass and landscaping modifications. Separately, ten cells had leakage occurring
through joints in the overflow catch basins. Information on predominant land use surrounding the cells

and presence of irrigation is summarized in Table 1.

Facility Types:

e 28 cells were typical bioretention cells, with no underdrain. Of these, 3 had an added dispersion
pipe bedded in gravel beneath the bioretention soil to manage larger stormwater events that

would exceed the bioretention soil infiltration rate.

e 19 cells had underdrains;

e 3 cells did not fit either the typical or underdrain cell design. A thick gravel sump without
underdrain pipes was installed for underground storage. The infiltration rate through the
bioretention cell was unrestricted by the native subgrade due to the large storage reservoir, like
an underdrained cell. The large storage reservoir mitigated for low infiltration rates in the native

soils.

Inlet Condition:

e 27 cells had only piped inflow, no sheet flow

o 23 cells had either a combination of piped inlets and sheet flow or only sheet flow
e 17 cells had at least one inlet with erosion

e 32 cells had at least one inlet with blockage

Overflow:

o 41 cells had a clearly engineered overflow structure

e 11 overflow structures had some debris buildup

Table 1. Predominant Land Use and Irrigation Installation

Irrigation
Land Use Total Yes No
Arterial Road 11 6 5
Commercial 9 7 2
Parkland 4 4
Residential Neighborhood 15 3 12
School 11 10 1
Grand Total 50 26 24
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4.2 Hydrogeologic Setting

The 50 bioretention cells cover a range of hydrogeologic settings. In this study, hydrogeologic setting
includes general geomorphic position, geologic unit and groundwater condition. Geomorphic setting,
geologic unit, and facility type (typical infiltration, underdrain, and a subset) are summarized in Table 2.

Geomorphic position includes valley, terrace or upland. Geologic units from youngest to older include:
Fill, Recent alluvium, Everson glaciomarine drift, Vashon recessional outwash, till and advance outwash,
and pre-Fraser fine-grained deposits. For this study, Everson glaciomarine drift, Vashon glacial till, and
Vashon advance outwash are situated on glaciated uplands. Recent alluvium and Vashon recessional
outwash are located in valleys or on terrace or plains. Groundwater conditions include
perched/intermittent, shallow, moderate and deep. A few sites are designated as “Fill/Unknown,”
because the hand auger explorations terminated in an underdrain gravel layer, or the sediment beneath
the bioretention soil was interpreted to consist of imported or reworked fill sediment.

Shallow groundwater was present at three sites at the time of infiltration testing. The remaining sites did
not have groundwater present. Most typical infiltrating facilities are interpreted to have shallow to
moderate depth to groundwater. Most underdrained sites are underlain by hydraulically restrictive layers
which will form a perched condition during the wetter winter months.

Table 2. Geologic Unit and Geomorphic Setting Compared to Facility Type

Facility Type
Typical Large Storage
Geomorphic and Geologic Setting Total Infiltrating Underdrain Sump
Glaciated Upland 33 15 16 2
Fill/Unknown 2 1 1
Glaciomarine Drift 3 2 1
Till 15 3 12
Advance Outwash 12 10 2
Fill/Pre-Fraser Silt 1 1
Outwash Delta 1 1
Recessional Outwash 1 1
Outwash Plain 10 10
Recessional Outwash 10 8
Valley 6 3 2
Recent Alluvium 6 3 2
Grand Total 50 28 19 3

4.3 Infiltration Performance

Controlled facility scale infiltration testing was used to estimate facility performance, and the results
ranged from less than 0.1 to greater than 100 inches per hour. Field-based infiltration rates are a function
of estimated surface and subsurface ponding areas, water depth and flow rate measurements. A boxplot
of facility infiltration rates is presented in Chart 1. Table 3 summarizes facility type, geologic unit and
facility infiltration rate minimum, average and maximum.

Project No: 20150357H008 Page 6



Associated Earth Sciences, Inc.
Technical Memorandum

In the underdrained cells, the bioretention soil is
placed over a pipe bedded in a gravel layer
situated on either a fine-grained native soil with
low infiltration rates, or on an impermeable liner.
The bioretention soil is the limiting layer, so the
field-based infiltration rate represents the
bioretention soil.

For typical infiltrating non-underdrained sites, the
field-based infiltration rate can include two
components. The initial portion of the infiltration
test can be used to estimate the bioretention soil
infiltration when there is significant storage
beneath the soil. Once the storage is filled, the
infiltration rate decreases, and the final portion of
the infiltration test reflects the subgrade infiltration
rate. However, if the native subgrade soil has a
higher infiltration rate than the bioretention sail,
then the bioretention soil is the limiting layer, and
field rate represents the bioretention soil.

For this study, the native soil was the limiting layer
for most of the typical infiltrating sites.

Facility Infiltration Rates:
Typical and Underdrained
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Chart 1. Boxplot of Facility infiltration rates for typical and
underdrained facilities. For this plot, facilities with a large
storage sump were grouped with underdrained. The plot used an
exclusive median.

Table 3. Facility Type, Geologic Unit and Facility Infiltration Rate

Facility Infiltration Rate*
Average

Facility Type and Geologic Unit Total Min (in/hr) (in/hr) Max (in/hr)
Typical Infiltrating (no underdrain) 26 0.1 20.0 103.0
Advance Outwash 10 14 11.3 40.1
Fill/Unknown 1 17.6 17.6 17.6
Pre-Fraser Silt 1 5.3 5.3 5.3
Recent Alluvium 3 8.3 21.9 35.7
Recessional Outwash 8 2.7 39.5 103.0
Till 3 0.1 0.6 1.1
Underdrain 21 4.3 48.2 99.8
Advance Outwash 2 32.8 36.7 40.5
Glaciomarine Drift 2 6.1 41.1 76.0
Recent Alluvium 2 5.2 39.5 73.8
Recessional Outwash 3 66.5 76.2 81.6
Till 12 4.3 45.8 99.8
Large Storage Sump (no underdrain) 3 27.8 64.5 98.0
Fill/Unknown 1 - 27.8 -
Glaciomarine Drift 1 - 67.7 -
Recent Alluvium 1 - 98.0 -
Grand Total 50 0.1 34.5 103.0

*For underdrained sites and sites with a large storage sump, the facility infiltration rate is controlled by the bioretention soil, not
the underlying geologic unit. For typical infiltrating sites, the infiltration rate can be controlled by the underlying geologic unit or

the bioretention soil, whichever is the slower draining material.

Project No: 20150357H008

Page 7



Associated Earth Sciences, Inc.
Technical Memorandum

4.4 Bioretention Cell Surface and Bioretention Soil
4.4.1 Bioretention Cell Surface Condition

Most cells had a layer of either natural mulch or imported mulch across the soil surface. Details on mulch
coverage and type are summarized in Table 4. There is some overlap in the percent coverages where both
designed (imported) mulch and natural mulch were mixed. Together, the leaf litter and organic material,
where present, and mulch, form a layer on the top of the bioretention soil which could potentially
influence the behavior of the bioretention cell.

Animal presence indicators (either feces or burrows) were observed in 16 cells, and stinging insects were
observed in two cells. Trash was observed in 14 cells.

Table 4. Summary of Mulch and Bare Ground Percent Coverage

Cell Base Coverage Designed Muich Bare Ground Natural Mulch
Not Present 27 16 27
<25% 6 14 6
25 -50% 4 11 8
50-75% 2 7 15
75 - 100% 11 2 11
Grand Total 50 50 50

4.4.2 Bioretention Soil

We tested mechanical grain-size distribution and percent organic matter by weight on samples of
bioretention soil mix from each site. We also conducted a geotechnical T-probe survey of the facility base
to qualitatively assess soil thickness and compaction. Six

cells had areas of moderate soil compaction.

Organic matter content and grain size data from
laboratory testing data were compared to the Ecology
SWMMWW-recommended specifications for 60:40
bioretention soil mix. A summary of averaged organic
matter relative to the recommended specification is
included in Chart 2.

The gradation or grain size distribution was variable. For
infiltration performance, the key gradations are the
finer grain sizes represented by the #200, #100 and the
#40 sieve sizes and summarized in Table 5. The #200
was within the recommend range for 16 sites. The #100
was within the recommend range for 22 sites. The #40
sieve results were within the recommended range for
18 sites but were the most variable with exceedances

Chart 2: Boxplot of bioretention soil % organic
on both ends of the range.

matter by weight. Excludes site ST174 outlier

fmm ~nn

Project No: 20150357H008 Page 8



Associated Earth Sciences, Inc.
Technical Memorandum

The uniformity coefficient (Cu) is a numerical expression of the variety in particle sizes in mixed soils. A
value of Cu greater than 4 to 6 classifies the soil as well graded. When Cu is less than 4, it is classified as
poorly graded or uniformly graded soil. The curvature coefficient (Cc) is estimated using the gradation
curve through sieve analysis. When the value Cc is between 1 and 3, the soil is said to be well graded.
Most sites had well-graded sands based on Cu. Nearly all sites were at the low-end of the Cc range, near
1, consistent with the mostly sand fraction of the bioretention soil.

Table 5. Summary of Bioretention Soil Gradation Relative to Current Recommended Range

Bioretention Soil Gradation, | Sites Within .

Finer Coarser
Recommended Range Spec Total
#200, 2 to 5% 16 33 1 50
#100, 4 to 10% 22 28 0 50
#40, 25-40% 18 25 7 50

Chart 3 illustrates the bioretention soil gradation and Ecology’s recommend grain size envelope. Of note,
the recommended organic matter content and grain size for the bioretention soil mix has been unchanged
since at least 2009 (Washington State University, 2009) but wasn’t clearly specified in the Ecology manual
at the time of construction for the selected sites. Soil specifications on plans ranged from loose guidelines
such as “compost/soil mix” to prescriptive guideline consistent with the current Ecology manual.

The amount of silt/clay-sized particles and fine sand are important for permeability. Too much fine
material can slow drainage, too little results in very high infiltration rates. High infiltration rates affect
flow control and water quality treatment assumptions and can stress vegetation. Organic matter can
increase the water holding capacity of the soil and provides nutrients to aid plant growth. Chart 4
illustrates facility infiltration rate relative to bioretention silt/clay (fines) content. There is a wide band of
infiltration rates when fines are low. However, as the fines content increases, there is a clear drop in the
infiltration rate.

Summary findings on bioretention soil characteristics:

Most soil was finer than the current gradation on the silt, fine sand and medium sand fractions.
Most sites contained more gravel than the current gradation

9 sites had 15+% silt/clay

Wide range of organic matter content, 2 to 29% by weight
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Facility Infiltration Rate and
BSM Mix % Fines
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Chart 3 (left). Bioretention soil grain size distribution curve. The light blue lines illustrate the current specification guidelines for
the 60:40 bioretention soil mix.

Chart 4 (right). Facility infiltration rate (y-axis) compared to percent fines content (x-axis). Fines content refers to sediment
finer than the #200 sieve and consists of silt and clay particles.

5.0 CLOSURE

This document provides physical site parameters, and geotechnical and hydrogeologic data that will be
combined with other information on vegetation, maintenance and hydrologic design in a future summary
report.

We appreciate the opportunity to be of service on this project and hope that this technical memorandum
meets your present needs. If you should have any questions, or require further assistance, please do not
hesitate to call.

Attachments: Figure 1. Site Locations
Appendix A. Summary Tables
Appendix B. Site Assessment Forms
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APPENDIX A: SUMMARY TABLES

Summary site information is presented in Table 1 to Table 8. Descriptions for each table are
included below.

Table 1: Site Information

This table records basic site information such as each site’s name, abbreviated site identification
code, Jurisdiction, and navigable address. Additional information includes the site land use,
assessment date, and construction date which are further explained below.

e Site ID: The abbreviated code used to identify each site.

e Site Land Use: The land use classification for each site. Five land use classifications were included
for this study: arterial road, commercial, parkland, residential, school.

e Site Assessment Date: The date of each site’s field assessment. The field assessment includes hand
auger explorations completed in the cell, one wellpoint installation, infiltration testing, and
documentation of cell conditions. When appropriate, hand auger excavation and wellpoint
installation were completed prior to the infiltration test. The presented date represents the day
of the infiltration test and cell assessment.

e Year Constructed: The year of each site’s construction. These dates were recovered from the
design plans or private correspondence with the owner.

Table 2:Summary of Infiltration Test Results

This table records the results of infiltration testing from 50 bioretention sites in the Puget Sound
region. Infiltration rates are presented in inches per hour and each site’s results are interpreted
as being representative of either the bioretention or subgrade soil based on the test data.
Additional information for individual columns is below.

e Infiltration Test Number: In some cases, multiple infiltration tests were performed within the
same cell. Typically, this effort was taken to document infiltration rates at more than one location
in the cell if the water source was not strong enough to flood the entire cell. If only one infiltration
test was performed in a given cell, the test number is IT-1. At sites where multiple infiltration tests
were performed the first test was titled IT-1 and following tests were titled IT-2, IT-3, etc.

e Final Ponded Area: The field measured final ponded (wetted) area which is used to calculate the
test infiltration rate.

e Total Gallons: Total number of gallons used for each infiltration test.

e Approximate Percent of Cell Area Ponded: A visual estimate of the percent of the cell base wetted
during infiltration testing.

e Ponding Comment: Provides an explanation for sites in which the entire cell base was not filled
by the infiltration test.

e Field Based Infiltration Rate: The field-based rate for each infiltration test. Unless otherwise
noted, this is the constant head rate for the final hour of inflow.
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e Bioretention Soil Infiltration Rate: The bioretention soil rate could be calculated for sites where
the bioretention soil was the material which controlled vertical infiltration. This was the case for
all underdrained sites. For typical sites, this was the case when the subgrade material beneath the
cell had a higher hydraulic conductivity than the bioretention soil. This phenomenon was
observed when there was a vertical gradient between the relative elevation of the water level
measured by the staff gauge on the cell’s surface and the water level measured by the wellpoint
screened in the subgrade. For typical sites with a slower infiltrating subgrade, the bioretention
soil rate was calculated from the initial wetted area.

e Subgrade Soil Infiltration Rate: The subgrade soil infiltration rate could be calculated for sites
where the subgrade material had a lower hydraulic conductivity and the overlying bioretention
soil. This phenomenon was observed when the water level measured by the staff gauge and the
water level measured by the wellpoint had the same relative elevation. The subgrade soil
infiltration rate could not be calculated for underdrained sites.

e Facility Performance Rate: This represents the infiltration rate of the facility, measured by the
constant head rate for the final hour of testing, unless otherwise noted.

Table 3: Design Infiltration Rates

This table compares each cell’s tested infiltration rate with their designed infiltration rates. Design rates
were received for 22/50 sites. Additional information for individual columns is below.

e Drainage Report Available: A yes/no designation for whether the drainage report for the site was
received.

e Plans Available: A yes/no designation for whether the design plans for the site were received.
e Exceed Design Rate: A yes/no designation for whether the tested infiltration rate exceeds the
e designed rate.

e Basis for design rate: This column describes where the design rate was located from the design
documents received from the site owner.

Table 4: Bioretention Soil

This table records measured parameters of the tested bioretention soil. The presented values are
representative of the bioretention soil and exclude outlier samples which may have been
collected in the field to document site specific observations such as siltation or scouring.
Additional information for individual columns is explained below.

e Average Bioretention Soil Thickness: The average measured thickness of the bioretention soil. This
number integrates both geotechnical probe depth observations and hand augers completed in
the bioretention soil.

e Organic Matter Content: The percent by weight organic matter of the bioretention soil using the
Ash Content and Organic Material test method (ASTM D-2974).

e Percent Passing #200 Sieve: The percent by weight of burned and washed material passing the
#200 sieve in accordance with ASTM D-1140 and ASTM D-6913.

e Percent Passing #100 Sieve: The percent by weight of burned and washed material passing the
#100 sieve in accordance with ASTM D-1140 and ASTM D-6913.
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e Percent Passing #40 Sieve: The percent by weight of burned and washed material passing the #40
sieve in accordance with ASTM D-1140 and ASTM D-6913.

e Cc: The coefficient of curvature defined as the ratio of (D30)?/(D10 X Deo), Where Deo, D30, D1g are the
particle sizes corresponding to the 60, 30, and 10% finer on the cumulative particle-size
distribution curve, respectively.

e Cu: The coefficient of uniformity defined as the ratio of Deo /D10, Wwhere Dgo and Digare the particle
diameters corresponding to 60 and 10% finer on the cumulative particle-size distribution curve,
respectively.

Table 5: Bioretention Soil Specifications

This table records the received soil specifications from the owners of each cell and relates the
tested material to the design information. Design soil specifications were received from 20/50
sites. For sites where soil specifications were received, the tested material was compared to the
specifications. Additional information for individual columns is below.

e Soil Specification Received: This yes/no column references whether design soil specifications were
received in the design plans from the site owner. Though design plans were received for almost
all sites in the study, the soil specifications were not always included in the delivered plan set.

e Organic Matter Content in Relation to Plans: This column compares each site’s organic matter
content to the organic matter content specified by the plans. “Exceeds” indicates the site’s tested
soils contained more organic matter than the plans specified. “Below” indicates the site’s tested
soils contained less organic matter content than the plans specified. “Meets” indicates the site’s
tested soils met the organic matter content specified by the plans.

e Sand Gradation in Relation to Plans: This column compares each site’s tested sand gradation in
relation to the gradation specified by the plans. “Finer” indicates the tested soil gradation was
generally finer than the planned gradation. “Coarser” indicates the tested soil gradation was
generally coarser than the planned gradation. “Meets” indicates that the tested soil gradation
generally met the planned gradation.

e Fines Content in Relation to Plans: This column compares each site’s tested fines content (%
passing the #200 sieve) in relation to the fines content specified by the plans. “Exceeds” indicates
that the soil’s tested fines content exceeded the amount specified by the plans. “Below” indicates
that the soil’s tested fines content is less than the amount specified by the plans. “Meets”
indicates that the soil’s tested fines content meets the amount specified by the plans.

e Soil Guidance: The description of the soil guidance received in the design plans.

e Consistency Column: This column relates the soil guidance provided in the plans to existing soil
standards such as the Ecology Stormwater Manual, Hinman’s 2009 technical report, or known
aggregate gradations.

Table 6: Geology, Geomorphology and Groundwater Setting

This table summarized the subgrade geologic and groundwater conditions for each site. These
conditions were evaluated from hand augers completed in the cell base, accompanying
geotechnical reports, regional geologic and soils mapping, regional groundwater publications,
and our experience in the site vicinity. Additional information for individual columns is below.
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e Geologic Setting: The geologic setting for each site either encountered in hand augers or
interpreted from geologic maps.

e Geomorphic Position: The relative geomorphic position of each site in relation to its glacial setting.
e Observed Groundwater during Testing: The presence or absence of groundwater encountered in
hand auger completions within the cell.

e Groundwater Setting: The groundwater setting for each site, classified as either shallow,
moderate, or perched.

Table 7: Built Conditions

This table records field observations of built conditions for each site. Additional information for
individual columns is below.

e Underdrain: A yes/no designation for whether the bioretention cell is constructed above an
underdrain. An underdrain is generally understood to be a perforated pipe set in imported clean,
loose, gravels which conveys water out of the cell. Several sites are designated “sump” which is
the presence of a thick gravel layer underneath the bioretention soil but without the perforated
pipe.

e Built Per Plan: A yes/no designation for whether the cell was observed to be constructed in
general accordance with the plans. Variations from the plans include non-design overflows, lateral
seepages, incorrect bioretention soil placement or soil modifications, incorrect underdrain
structure, leaky catch basins, and obvious elevation variations (no level survey performed). “N/A”
is noted for cells with design plans we did not receive.

e Leaky Catch Bain: A yes/no designation for sites whose catch basins were observed to leak below
the overflow grate. N/A indicates no catch basin present.

e Sheet Flow: A yes/no designation for whether or not sheet flow was observed as a type of inlet at
site. Sheet flow is understood to be uncontrolled runoff into the cell not confined by a curb cut or
pipe.

e Number of Inlets: The total number of inlets observed at each site.

e Number of Inlets with Erosion: The total number of inlets at each site that were observed to be
causing erosion within the bioretention soil.

e Number of Inlets with Blockages: The total number of inlets at each site that were observed to
contain blockages.

e Only Sheet Inflow: A yes/no designation for whether the site only received stormwater from sheet
flow.

e Only Piped Inflow: A yes/no designation for whether the site only received stormwater from a
pipe(s).
e Number of Overflow Structures: The total number of overflow structures at each site.

e Non-Engineered Overflows: A yes/no designation for whether a non-engineered overflow is
present at the site. Non-Engineered overflows are understood to be water which exits the
bioretention facility through a non-design method and does not infiltrate into the ground.

Table 8: Cell Surface Coverage and Miscellaneous Field Observations
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This table documents the surface cover of each cell and additional miscellaneous field
observations. Additional information for individual columns is below.

e Percent of Cell Coverage Design Mulch: A visually observed estimate of the percent of the cell
base which is covered in designed mulch. Designed mulch is understood to be woody bark or
other surface cover which was installed as an intentional mulch layer and is not developed
naturally from twig droppings or other coarse organic debris falling into the cell.

e Percent of Cell Coverage Bare Ground: A visually observed estimate of the percent of the cell base
which is exposed bare ground. Bare ground is understood to be exposed bioretention soil with no
mulch, natural or designed, covering it.

o Percent of Cell Coverage Natural Mulch: A visually observed estimate of the percent of the cell
base which is covered in natural mulch. Natural mulch is understood to be a mulch layer not
intentionally placed and which has developed over time due to twig droppings, leaf decay, or
other coarse organic debris falling into the cell.

e Animal Presence (Feces, Burrows, Stinging Insects): A yes/no designation for whether the
presence of animals through feces, burrows, or stinging insects was observed at the site.

e Trash Observed: A yes/no designation for whether trash or litter was observed within the
bioretention facility.

e Irrigation: A yes/no designation for whether irrigation was observed at the site. Irrigation did not
have to be active while field representatives were onsite for its existence to be documented.
Sprinklers and exposed water lines are understood to be evidence of onsite irrigation.

e |rrigation Status: The status of each cell’s irrigation lines. N/A indicates that no irrigation was
observed at the site. Active indicates that irrigation was observed to be operational. Abandoned
indicates that the irrigation was observed to not be operational. Unknown indicates that field
representatives were unable to discern the current status of the irrigation.
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. . N . Site Assessment Date
Site ID Site Name Jurisdiction Address Site Land Use
Date Constructed
Airport Boulevard (51st Avenue
AR51-N CeIFI)Z (North) {Lot fLO} ) Arlington 4701 Airport Blvd, Arlington, WA 98223 | Arterial Road 9/19/2023 2009
Airport Boulevard (51st Avenue) . . .
AR51-S Arlington 17713 48th Dr NE, Arlington, WA 98223 Arterial Road 10/9/2023 2009
Cell 1 (South) {Lot 2} "8 ng ' /9
AUPQ |Pick Quick (Basin C) Auburn 1132 Auburn Way N, Auburn, WA 98002 Commercial 8/10/2023 2011
BHBD |[Bloedel Donavan Park Bellingham 2144 Electric Ave, Bellingham, WA 98229 Parkland 7/5/2023 2003
BHCH |Bellingham City Hall Bellingham 210 Lottie St., Bellingham, WA 98225 Commercial 6/29/2023 2003
BHLA |Lahti Drive (Bioinfiltration Swale)| Whatcom County 1495 Lahti Dr., Bellingham, WA 98226 Arterial Road 10/3/2023 2011
West Tribut B ill 3797 8B ille Dr., Bellingham, WA . .
BHWT fes ributary (Brownsville Whatcom County rownsvilie Lr., Bellingham Residential 10/4/2023 2013
Drive) 98226
Bainbridge Island High School- L 9330 High School Rd NE, Bainbridge
BIHS-2 Bainbridge Island School 8/15/2023 2009
Type 2 (Roof Cell) ainbridge Istan Island, WA 98110 choo /15/
Bainbridge Island High School- L 9330 High School Rd NE, Bainbridge
BIHS-5 Bainbridge Island School 8/16/2023 2009
Type 5 (Tennis Cell) AInbridge 11and | 1and, WA 98110 choo /16/
BO25 [25th Avenue (Site 7A) Snohomish County|16403 25th Ave SE, Bothell, WA 98012 Residential 9/14/2023 2011
35thand G is (Rai d
80356 |, and Grannis (Raingarden 1o\ ik County|18901 34th Dr SE, Bothell, WA 98012 Residential |  9/15/2023 2012
BOBB |Brook Boulevard (Site 2E) Snohomish County |17813 Brook Blvd, Bothell, WA 98012 Residential 9/18/2023 2012
BV145 ([145th Pl (Raingarden #2) Bellevue 1880 145th PI SE, Bellevue, WA 98007 Arterial Road 6/28/2023 2011
Ch Crest El tary-Rai
BvCC-1 |- c Y HrestElementary-Rain Bellevue  |12400 NE 32nd st, Bellevue, WA 98005 School 8/1/2023 2012
Garden #1
Ch Crest El tary-Rai
BvCC-2 | cITY HrestEiementary-rain Bellevue  |12400 NE 32nd st, Bellevue, WA 98005 school 8/17/2023 2012
Garden #2
10416 SE Wolverine Way, Bell , WA
BVHS [Bellevue High School Bellevue 98004 olverine ¥vay, beflevue School 7/27/2023 2013
Spiritridge Elementary-
BVSE-1 . Bellevue 16401 SE 24th St, Bellevue, WA 98008 School 7/28/2023 2011
Raingarden #1
Spiritridge Elementary-
BVSE-2 . Bellevue 16401 SE 24th St, Bellevue, WA 98008 School 8/14/2023 2011
Raingarden #2
T Middle School
ByTm |, Vo€ vadie schoo Bellevue  |13630 SE Allen Rd, Bellevue, WA 98006 School 8/8/2023 2012
(Bioretention Pond A)
FDTM [Thornton and Maureen Ferndale 2268 Thornton St, Ferndale, WA 98248 Residential 7/25/2023 2013
ISCP  [Central Park Pad 3 (Raingarden) Issaquah 1907 NE Park Dr, Issaquah, WA 98029 School 9/11/2023 2011




ISHS-1 [Issaquah High School-Cell #1 Issaquah 700 2nd Ave SE, Issaquah, WA 98027 School 9/12/2023 2010
ISHS-24 |Issaquah High School-Cell #24 Issaquah 700 2nd Ave SE, Issaquah, WA 98027 Parkland 9/6/2023 2010
ISRB  |Rainier Boulevard Issaquah 545 Rainier Blvd N, Issaquah, WA 98027 Arterial Road 9/5/2023 2007
MKRH (R,\T(if:;:':‘.{gﬁ:zn;f;;y) Center Mukilteo  [304 Lincoln Ave, Mukilteo, WA 98275 Commercial | 5/26/2023 2009
MOBR [Baron Residence (Plat 2) Monroe 16875 Tester Rd., Monroe, WA 98272 Residential 8/29/2023 2005
MOMR |Manry Residence (Plat 3) Monroe 16863 Tester Road, Monroe, WA 98272 Residential 8/30/2023 2005
MVDB azvgg z::::(r:';ii;a;r)Garde" Mount Vernon \ll\?z(;;;;:”e”tal Place, MountVernon, | . mercial | 5/23/2023 2009
0OL420 |420 McPhee Olympia 420 McPhee Rd SW, Olympia, WA 98502 Commercial 9/20/2023 2013
0OL436 |436 McPhee Olympia 420 McPhee Rd SW, Olympia, WA 98502 Commercial 9/21/2023 2005
OLDE ([Decatur (Rain Garden) Olympia 1015 Decatur St SW, Olympia, WA 98502 Residential 6/5/2023 2008
OLYA |Yauger Park Olympia Z;ggzc apital Mall Dr. SW, Olympia, WA Parkland 6/1/2023 2009
OLYE |Yelm Highway Olympia g:ﬁngenderson Blvd SE, Olympia, WA Arterial Road 6/14/2023 2010
pung | \Joll Road Roundabout Poulsbo  |204060 Noll Rd NE, Poulsbo, WA 98370 | Arterial Road |  6/20/2023 2012
(Bioretention Cell)
PUVI-4 [Viking Avenue BioCell 4 (Lower) Poulsbo 21056 Viking Ave NW, Poulsbo, WA 98370 | Arterial Road 6/23/2023 2009
PUVI-1 [Viking Avenue BioCell 1 (Upper) Poulsbo 21056 Viking Ave NW, Poulsbo, WA 98370 | Arterial Road 6/22/2023 2009
PUWA \I:\;?;c(:;r;nt Park (Anderson Poulsbo ;:2(7)(9) Anderson Pkwy NE, Poulsbo, WA Commercial 6/21/2023 2012
RD185 |185th (Bioretention Swale #3) Redmond ;::22 185th Ave NE, Redmond, WA Arterial Road 7/13/2023 2010
RDDP |Downtown Park Redmond ;2;2; NE Redmond Way, Redmond, WA Commercial 7/20/2023 2013
SACR gzzl:r:(}je Elementary {Rain Sammamish 20777 SE 16th St, Sammamish, WA 98075 |  School 9/7/2023 2010
SHAS-1 |Ashworth Avenue-Cell 1 (18824) Shoreline ;:i: Ashworth Ave N, Shoreline, WA Residential |  9/27/2023 2011
SHAS-2 |Ashworth Avenue-Cell 2 (18834) Shoreline ;:ii: Ashworth Ave N, Shoreline, WA Residential 9/27/2023 2011
SHAS-3 |Ashworth Avenue-Cell 3 (18538) shoreline | L5038 Ashworth Ave N, Shoreline, WA Residential | 10/10/2023 2011

98133




Aurora Avenue (Rain Garden

17525 Aurora Ave N, Shoreline, WA,

SHAU Sh li Arterial Road 9/29/2023 2009
Swale DR10-9) oreline  19gq33 rierial Roa 129/
Sumner Neighborhood (Dunn
SMDR . & ( Sumner 6022 153rd Ave Ct E, Sumner, WA 98390 Residential 9/25/2023 2004
Residence)
SPCM [Central Maintenance Facility Pierce County |4812 196th St E, Spanaway , WA 98387 Commercial 7/18/2023 2008
S Park (Bioretenti 14905 B Blvd S, S , WA
SPSP panaway Park (Bioretention Pierce County resemann BV panaway. Parkland 8/24/2023 2013
Area B) 98387
ST174 |174th Cul de Sac Snohomish County (4216 174th PI NW, Stanwood, WA 98292 Residential 10/5/2023 2012
TAWG-1 |Woods at Golden Given (Cell 1) Pierce County |10506 10th Ave E, Tacoma, WA 98445 Residential 8/22/2023 2012
TAWG-7 |Woods at Golden Given (Cell 7) Pierce County |10506 10th Ave E, Tacoma, WA 98445 Residential 8/22/2023 2012




) ) ) Approximate Field Based | Bioretention Soil | Subgrade Soil Facility
Site ID InflI’t\lrj:‘;ir;;l'est FZ\raelan(:ltdea)d Total Gallons | Percent of Cell Ponding Comment Infiltration Rate | Infiltration Rate | Infiltration Rate [ Performance
Area Ponded (in/hr) (in/hr) (in/hr) Rate (in/hr)

AR51-N IT-1 88 18,464 Full 52 52 111 52
AR51-S IT-1 116 41,531 25-50% High infiltration rate soils 83.3 83.3 104 83.3
AUPQ IT-1 210 28,088 50-75% Sloped Facility 35.7 35.7 - 35.7
BHBD IT-1 5 725 <10% Limited obtainable flow 94.1 98 - 98
BHBD IT-2 5 588 <10% Limited obtainable flow 101.6

BHBD IT-3 3 581 <10% Limited obtainable flow 162.6

BHCH IT-1 38 1,436 10-25% Limited obtainable flow 22 67.7 - 67.7
BHCH IT-2 12 1,762 10-25% Limited obtainable flow 67.7

BHLA IT-1 66 3,089 <10% Limited obtainable flow 43.2 42 - 42

BHLA IT-2 75 3,839 <10% Limited obtainable flow 38.6

BHLA IT-3 63 3,883 <10% Limited obtainable flow 46.3

BHWT IT-1 31 3,896 <10% Limited obtainable flow 76 76 - 76
BHWT IT-2 106 3,813 <10% Limited obtainable flow 22.3

BIHS-2 IT-1 19 1,937 <10% Limited obtainable flow 27.8 27.8 - 27.8
BIHS-5 IT-1 36 1,158 <10% Limited obtainable flow 17.4 85.7
BIHS-5 IT-2 7 1,122 <10% Limited obtainable flow 85.7 85.7 -

BO25 IT-1 50 10,766 Full 40.1 >40.1 401 40.1
BO35G IT-1 369 9,091 Full 2.7 27.7 2.7 2.7
BOBB IT-1 205 24,214 Full 32.8 32.8 - 32.8
BV145 IT-1 294 46,948 Full 40.5 40.5 - 40.5
BVCC-1 IT-1 751 24,477 Full 5.6 >5.6 5.6 5.6
BVCC-2 IT-1 119 16,855 25-50% Lateral flow 14.1 >14.1 14.1 14.1

BVHS IT-1 175 17,654 <10% High infiltration rate soils 53.6 53 - 53

BVHS IT-2 176 15,938 <10% High infiltration rate soils 52.1

BVSE-1 IT-1 1905 37,017 Full 2.3 28.9 2.3 23
BVSE-2 IT-1 1014 19,413 Full 1.4 >1.4 1.4 1.4
BVTM IT-1 153 40,194 <10% High infiltration rate soils 62.7 62.7 - 62.7
FDTM IT-1 905 22,512 Full 6.1 6.1 - 6.1

ISCP IT-1 129 60,333 <10% Limited obtainable flow 18.4 18.4 - 18.4
ISHS-1 IT-1 127 39,052 10-25% High infiltration rate soils 81.6 81.6 >81.6 81.6
ISHS-24 IT-1 188 7,589 10-25% High infiltration rate soils 80.5 80.5 67 80.5

ISRB IT-1 33 6,701 10-25% Lateral flow 21.6 216 - 21.6
MKRH IT-1 979 35,524 Full 5.3 >1000 - 5.3
MOBR IT-1 281 3,621 Full 11 - 11 11
MOMR IT-1 193 6,275 25-50% Lateral flow 0.5 - 0.5 0.5
MVDB IT-1 144 8,329 25-50% Leaky catch basin 8.3 - 8.3 8.3
0oL420 IT-1 490 27,735 Full 9.3 9.3 >9.3 9.3
0oL436 IT-1 245 14,403 50-75% Sloped facility and equalization pond 9.6 9.6 >9.6 9.6
OLDE IT-1 14 3,300 <10% Limited obtainable flow 65 65 - 65

OLYA IT-1 275 2,935 Full 2.7 >2.7 2.7 2.7

OLYE IT-1 402 29,512 Full 17.4 >17.4 17.4 17.4
PUNR IT-1 143 44,799 10-25% High infiltration rate soils 99.8 99.8 - 99.8
PUVI-1 IT-1 54 1,322 10-25% Sloped facility 4.3 43 - 4.3
PUVI-4 IT-1 91 6,954 Full 20.8 20.8 - 20.8
PUWA IT-1 31 5,670 <10% Limited obtainable flow 48.1 48.1 - 48.1
RD185 IT-1 213 53,706 10-25% High infiltration rate soils 66.5 66.5 - 66.5
RDDP IT-1 127 31,889 Full 73.8 73.8 - 73.8
SACR IT-1 451 35,474 50-75% High infiltration rate soils 21.8 21.8 - 21.8
SHAS-1 IT-1 162 3,410 Full 8.8 205 8.8 8.8
SHAS-2 IT-1 27 8,578 Full 25.6 >25.6 25.6 25.6
SHAS-3 IT-1 147 1,986 50-75% Sloped facility 6.3 >4.1 41 41
SHAS-3 IT-2 157 1,918 50-75% Sloped facility 4.1

SHAU IT-1 369 16,940 50-75% Leaky catch basin 8.4 >8.4 8.4 8.4
SMDR IT-1 491 11,021 50-75% Sloped facility 5.2 5.2 - 5.2




SPCM IT-1 155 11,398 Full 38.6 38.6 >38.6 38.6

SPCM IT-2 229 11,048 Full 25

SPSP IT-1 6 2,397 <10% Limited obtainable flow 103 103 >103 103

ST174 IT-1 54 3,685 50-75% Limited obtainable flow 17.6 39 17.6 17.6
TAWG-1 IT-1 204 23,119 Full 27.8 27.8 0.2 27.8
TAWG-7 IT-1 244 Pond full Full 0.1 R 0.1 0.1

*Field based infiltration rate is derived from the constant head rate except for: TAWG-7 IT-1, ISRB IT-1, MOMR-IT-1

**Sites which may have a lateral flow component: ST-174, MKRH, MOMR, ISRB




Bioretention | Subgrade I . Bioretention | Native Soil
R R Facility Drainage X . K Exceed
. Soil Soil Plans Soil Design Design K . X
Site ID . . ! . Performance Report | . Rk . . design Basis For Design Rate
Infiltration Infiltration Rate (in/hr) | Available Available Infiltration Infiltration rate?
Rate (in/hr) | Rate (in/hr) Rate (in/hr) | Rate (in/hr) ’
AR51-N 52 111 52 Yes Yes - 2.5 Yes Conservative assignment
AR51-S 833 104 83.3 Yes Yes - 2.5 Yes Conservative assignment
AUPQ 35.7 - 35.7 Yes Yes 2 1 Yes Native Soil: Geotechnical Report / Bioretention Soil: Assumed Rate
BHBD 98 - 98 No Yes - 0.5 Yes Hand Auger borehole falling head
BHCH 67.7 - 67.7 No Yes - - -
Native Soil: Assumed Rate (no infiltration) / Bioretention Soil: Adjacent
BHLA 42 - 42 Yes Yes 6 0 Yes . X R .
Bioretention Soil Infiltration Test
Adjusted infiltration rate from Clear Creek Solutions based on 24" of
BHWT 76 - 76 Yes Yes 3.2 0 Yes bioretention soil with an assumed rate of 2.4 in/hr when 18" of biosoils
placed per DOE 2005.
BIHS-2 27.8 . 278 Ves Yes 1 0 Yes Native Soil: Assumed Rate (No infiltration) / Bioretention Soil: Assumed
Rate
BIHS-5 85.7 85.7 Yes Yes 1 o Yes Native Soil: Assumed Rate (No infiltration) / Bioretention Soil: Assumed
Rate
BO25 >40.1 40.1 40.1 No Yes - - -
BO35G 27.7 2.7 2.7 No Yes - - -
BOBB 32.8 - 32.8 No Yes - - -
BV145 40.5 - 40.5 Yes Yes - 13 Yes Pit Test
BVCC-1 >5.6 5.6 5.6 No Yes - 2 Yes Grain Size Distribution
BVCC-2 >14.1 14.1 14.1 No Yes - 2 Yes Grain Size Distribution
BVHS 53 - 53 Yes Yes - - -
BVSE-1 28.9 2.3 2.3 Yes Yes 1 0.25 Yes Geotechnical Report
BVSE-2 >1.4 1.4 1.4 Yes Yes 1 0.25 Yes Geotechnical Report
BVTM 62.7 - 62.7 Yes Yes 1 - Yes Assumed Rate
FDTM 6.1 - 6.1 No Yes - - -
ISCP 18.4 - 18.4 No Yes - - -
81.6 >81.6 81.6 No Yes 1 13 Yes Geotechnical Report
ISHS-1
ISHS-24 80.5 67 80.5 No Yes 1 13 Yes Geotechnical Report
ISRB 21.6 - 216 No Yes - - -
MKRH >1000 - 53 Yes No - 0.8 Yes Grain Size Distribution
MOBR - 1.1 1.1 Yes Yes - - -




MOMR - 0.5 0.5 Yes Yes - -
MVDB - 8.3 8.3 No Yes - -
0OL420 9.3 >9.3 9.3 No Yes - -
0oL436 9.6 >9.6 9.6 No Yes - -
OLDE 65 - 65 No Yes - -
OLYA >2.7 2.7 2.7 No Yes - -
OLYE >17.4 17.4 17.4 No Yes - -
PUNR 99.8 - 99.8 Yes Yes 0.5 Yes Native Soil: Assumed Rate / Bioretention Soil: Assigned Rate
PUVI-1 4.3 - 43 Yes Yes 0.5 Yes Native Soil: Grain Size / Bioretention Soil: Assigned Rate
PUVI-4 20.8 - 20.8 Yes Yes 0.5 Yes Native Soil: Grain Size / Bioretention Soil: Assigned Rate
PUWA 48.1 - 48.1 No Yes - -
RD185 66.5 - 66.5 No Yes - -
RDDP 73.8 - 73.8 No Yes - -
SACR 21.8 - 21.8 No No - -
SHAS-1 20.5 8.8 8.8 No Yes - -
>25.6 25.6 25.6 No Yes - -
SHAS-2
>4.1 4.1 4.1 No Yes - -
SHAS-3
SHAU >8.4 8.4 8.4 No Yes - -
SMDR 5.2 - 5.2 No Yes - -
SPCM 38.6 >38.6 38.6 No Yes - -
SPSP 103 >103 103 Yes Yes - Yes Assigned Rate
39 17.6 17.6 Yes Yes 0.13 Yes Native Soil: Soil Textural Triangle / Bioretention Soil: Assigned Rate
ST174
TAWG-1 27.8 0.2 27.8 No No - -
- 0.1 0.1 No No - -

TAWG-7




Average Organic Percent Percent Percent
Site ID [Bioretention Soil Matter Passing #200| Passing Passing #40 Cc Cu
Thickness Content Sieve #100 Sieve Sieve

AR51-N 1.8 6.5 8.7 17.7 52.4 1.2 6.1
AR51-S 1.8 6.8 9.4 17.5 47.7 1.2 8.2
AUPQ 0.7 11.5 8.5 13.3 26.9 2.1 11.2
BHBD 1.4 6.9 7.7 11.8 35.5 1.5 7.1
BHCH 2.5 4.1 5.0 8.0 28.0 13 5.1
BHLA 1.9 34 3.0 5.3 31.4 1.0 3.6
BHWT 2.1 1.8 2.1 4.2 36.5 0.9 2.7
BIHS-2 1.5 3.2 53 8.2 31.7 0.8 5.5
BIHS-5 1.8 3.7 6.1 9.5 354 0.9 6.2
BO25 1.4 3.8 4.4 10.5 353 0.8 7.7
BO35G 1.2 6.1 6.5 111 46.4 1.3 4.0
BOBB 1.8 3.8 4.1 9.4 30.5 1.0 7.4
BV145 2.1 3.3 4.4 8.3 31.0 1.0 5.6
BVCC-1 1.3 5.4 3.1 6.5 48.0 1.0 2.6
BVCC-2 1.3 5.1 4.8 9.0 47.5 1.0 3.5
BVHS 1.3 5.9 5.1 9.7 42.7 1.2 4.0
BVSE-1 1.2 5.7 4.2 8.1 51.8 1.0 2.9
BVSE-2 1.4 33 11.3 15.0 60.3 1.0 3.1
BVTM 1.4 4.4 3.2 5.7 35.8 1.0 3.0
FDTM 1.0 2.5 4.9 7.1 18.3 13 9.9
ISCP 2.2 7.2 6.6 111 36.1 0.8 8.7
ISHS-1 1.5 3.6 3.6 6.4 22.2 1.0 5.6
ISHS-24 1.4 8.5 7.8 12.4 40.7 1.2 7.2
ISRB 1.8 11.3 10.3 15.4 47.1 1.7 8.8
MKRH 3.5 2.6 4.2 6.0 9.3 3.5 19.6
MOBR 1.1 5.5 235 35.5 56.8 1.6 49.2
MOMR 1.6 9.4 26.9 40.4 69.0 1.4 16.7
MVDB 1.6 3.6 3.9 5.7 16.0 1.4 6.6
0L420 1.2 11.5 16.6 25.4 44.1 0.5 43.5
0OL436 1.2 10.2 13.0 20.1 34.8 0.4 91.3
OLDE 0.6 7.4 18.3 29.4 49.8 0.8 29.4
OLYA 1.4 5.0 16.3 23.6 42.5 13 36.4
OLYE 1.5 7.6 8.5 13.7 68.1 1.8 3.9
PUNR 1.3 5.0 5.1 8.4 343 13 7.8
PUVI-1 1.5 6.4 5.2 8.9 30.7 0.5 12.3
PUVI-4 1.5 2.0 6.2 9.8 324 0.5 13.0
PUWA 1.5 6.7 3.6 6.2 15.4 1.4 20.0
RD185 1.3 5.6 6.4 10.7 37.5 1.2 5.5
RDDP 1.4 3.7 3.2 5.4 20.0 1.0 4.7
SACR 1.3 3.8 13.4 24.4 71.1 1.6 6.1
SHAS-1 1.8 7.3 10.3 16.7 42.5 1.5 10.8
SHAS-2 1.7 4.9 10.0 16.3 42.7 1.5 9.9
SHAS-3 13 8.3 12.8 19.4 41.5 2.4 16.4
SHAU 1.9 5.2 6.5 10.9 46.3 1.0 13.1
SMDR 0.8 4.6 27.2 40.2 57.5 1.0 15.3




SPCM 1.3 5.2 7.8 10.3 20.9 0.6 37.8
SPSP 1.9 2.2 1.6 4.4 38.7 1.0 2.8
ST174 1.7 29.3 19.2 30.3 61.4 1.3 10.2
TAWG-1 1.1 6.5 17.4 25.0 45.8 1.2 18.5
TAWG-7 - 9.3 22.2 32.1 52.5 1.3 31.2

*Soils which have a specified volume of 60% sand, 40% compost mix the assumed organic content by weight is 5-
For soils with a mix of 30-35% compost, 4-7% is assumed
For soils with 20-25% compost, 2-5% is assumed



Soil Specification

Organic Matter

Sand Gradation

Fines Content in

Consistency column (in relation to one

Site ID Content in Relation t in Relation t Soil Guid
e Received ontent in Relation to) 1 Retation to Relation to Plans ot buidance another and DOE)
Plans* Plans
Design Specification referenced but not available for review.
AR51-N No N/A N/A N/A N/A
Documents refer to 2005 LID Manual
ARG1-S No N/A N/A N/A Design Specification referenced but not available for review. N/A
Documents refer to 2005 LID Manual
By volume: 10% planting soil mix, 40% grade A compost, 50%
AUPQ Yes Meets Meets Exceeds 4 °p g °8 P ? C33
C-33sand
75-25 mix. Sand mix similar to DOE but
B I : 20-25% total i tter, including 12-18%
BHBD Yes Exceeds Finer Exceeds y volume o tota orga.nlc mater, including 0 different on the 200 and 100 and
composted organics, 75-80% sand .
includes more compost
75-25 mix. Sand mix similar to DOE but
. By volume: 20-25% total organic matter, including 12-18% ) mix. sand mix simiiarto !
BHCH Yes Below Finer Exceeds . different on the 200 and 100 and
composted organics, 75-80% sand .
includes more compost
Hinman, 2009; modified as 10% organic matter by weight, .
BHLA Yes Below Meets Meets . Hinman, 2009
<2.5% fines
Refers to Lahti Drive specification; 10% organic matter by .
BHWT Yes Below Meets Meets . . Hinman, 2009
weight, <2.5% fines
BIHS-2 No N/A N/A N/A Design Specification referenced but not available for review. N/A
BIHS-5 No N/A N/A N/A Design Specification referenced but not available for review. N/A
BO25 No N/A N/A N/A Special provisions referenced but not available for review. N/A
BO35G No N/A N/A N/A Planting soil mix (No spec reference) N/A
BOBB No N/A N/A N/A Bioretention Soil (No spec reference) N/A
BV145 Yes Below Meets Meets 2010 Surface Water Engineering Standards pg. 196 Hinman, 2009
BVCC-1 Yes Below Finer Meets 2012 Surface Water Engineering Standards pg. 210 Hinman, 2009
BVCC-2 Yes Below Finer Meets 2012 Surface Water Engineering Standards pg. 210 Hinman, 2009
BVHS Yes Below Finer Exceeds 2013 Surface Water Engineering Standards pg. 215 Hinman, 2009
BVSE-1 Yes Below Finer Meets 2011 Surface Water Engineering Standards pg. 210 Hinman, 2009
BVSE-2 Yes Below Finer Exceeds 2011 Surface Water Engineering Standards pg. 210 Hinman, 2009
BVTM Yes Below Meets Meets 2010 Surface Water Engineering Standards pg. 196 Hinman, 2009
FDTM No N/A N/A N/A Planting soil mix (No spec reference) N/A
ISCP No N/A N/A N/A Rain Garden soil mix (No spec reference) N/A
No N/A N/A N/A Rain garden amended soil (No spec reference) N/A
ISHS-1
ISHS-24 No N/A N/A N/A Rain garden amended soil (No spec reference) N/A
ISRB No N/A N/A N/A Amended soil (vegetable garden mix supplied by Cedar N/A
Grove of WA) No Spec Reference
MKRH No N/A N/A N/A N/A N/A




50-60% C-33 sand, 30% leaf compost, 20-30% topsoil, clay

MOBR Yes Below Finer Exceeds . i C-33
content <5%, minimum compost 10% by weight
50-60% C-33 sand, 30% leaf compost, 20-30% topsoil, cl
MOMR Yes Below Finer Exceeds ? san ] 0 cat compos 3 op'50| cay C-33
content <5%, minimum compost 10% by weight
MVDB Yes Below Meets Below 65-70% gravelly sand, 30-35% compost. Fines content 5-15% | Similar to Hinman but with higher fines
Plans state materials should be in accordance with City of
0oL420 No N/A N/A N/A Olympia Stormwater Manual which is no longer posted on N/A
their website
Plans state materials should be in accordance with City of
0oL436 No N/A N/A N/A Olympia Stormwater Manual which is no longer posted on N/A
their website
OLDE No N/A N/A N/A Compost Soil Mix (No spec reference) N/A
2005 LID Manual used as guidelines, no specific specification
OLYA No N/A N/A N/A N/A
reference.
OLYE No N/A N/A N/A Amended soil (No specification reference) N/A
PUNR Yes Meets Meets Meets 2012 DOE SMWW 2012 WWSM
Similar to Hi , but with
PUVI-1 Yes Meets Meets Exceeds 30-35% composted material, 65-70% gravelly sand imiarto |nr2aa:d n:]ixWI a coarser
. Similar to Hinman, but with a coarser
PUVI-4 Yes Below Meets Exceeds 30-35% composted material, 65-70% gravelly sand sand mix
PUWA Yes Meets Coarser Meets 2012 WWSM Vol 5 2012 WWSM
RD185 No N/A N/A N/A No spec received N/A
RDDP No N/A N/A N/A No spec received N/A
SACR No N/A N/A N/A No spec received N/A
SHAS-1 No N/A N/A N/A Bioretention Soil (No spec reference) N/A
No N/A N/A N/A Bioretention Soil (No spec reference) N/A
SHAS-2
No N/A N/A N/A Bioretention Soil (No spec reference) N/A
SHAS-3
SHAU No N/A N/A N/A Compost Amended Soil (No spec reference) N/A
SMDR No N/A N/A N/A Hydrologic Group B Soil (No spec reference) N/A
SPCM No N/A N/A N/A Porous Soil Fill (No spec reference) N/A
SPSP No N/A N/A N/A Bioretention Soil (No special provisions provided) N/A
2 parts compost, 3 parts mineral aggregate, 8-10% organic
Yes Exceeds Finer Exceeds matter. Mineral aggregate consistent with 2012 WWSM Hinman, 2009
ST174 Specifications.
TAWG-1 No N/A N/A N/A No Spec Received N/A
No N/A N/A N/A No Spec Received N/A
TAWG-7

*Soils which have a specified volume of 60% sand, 40% compost mix the assumed organic content by weight is 5-8%

For soils with a mix of 30-35% compost, 4-7% is assumed

For soils with 20-25% compost, 2-5% is assumed




Observed

Site ID Geologic Setting Geomorphic Position Groundwater Grosuer;ii\:‘l;ter
During Testing
AR51-N Recessional Outwash Outwash Plain No Moderate
AR51-S Recessional Outwash Outwash Plain No Moderate
AUPQ Recent Alluvium Valley No Shallow
BHBD Recent Alluvium Valley Yes Shallow
BHCH Glaciomarine Drift Glaciated Upland No Perched
BHLA Till Glaciated Upland No Perched
BHWT Glaciomarine Drift Glaciated Upland No Perched
BIHS-2 Till Glaciated Upland No Perched
BIHS-5 Till Glaciated Upland No Perched
BO25 Advance Outwash Glaciated Upland No Moderate
BO35G Advance Outwash Glaciated Upland No Moderate
BOBB Advance Outwash Glaciated Upland No Moderate
BV145 Advance Outwash Glaciated Upland No Moderate
BVCC-1 Advance Outwash Glaciated Upland No Moderate
BVCC-2 Advance Outwash Glaciated Upland No Moderate
BVHS Till Glaciated Upland No Perched
BVSE-1 Advance Outwash Glaciated Upland No Moderate
BVSE-2 Advance Outwash Glaciated Upland No Moderate
BVTM Till Glaciated Upland No Perched
FDTM Glaciomarine Drift Glaciated Upland No Perched
ISCP Till Glaciated Upland No Perched
ISHS-1 Recessional Outwash Outwash Plain No Moderate
ISHS-24 Recessional Outwash Outwash Plain No Shallow
ISRB Recent Alluvium Valley No Shallow
MKRH Pre-Fraser Silt Glaciated Upland No Perched
MOBR Till Glaciated Upland No Perched
MOMR Till Glaciated Upland No Perched
MVDB Recent Alluvium Valley Yes Shallow
oL420 Recessional Outwash Outwash Plain No Shallow
oL436 Recessional Outwash Outwash Plain No Shallow
OLDE Till Glaciated Upland No Perched
OLYA Recessional Outwash Outwash Plain No Shallow
OLYE Recessional Outwash Outwash Plain No Shallow
PUNR Till Glaciated Upland No Perched
PUVI-4 Till Glaciated Upland No Perched
PUVI-1 Till Glaciated Upland No Perched
PUWA Till Glaciated Upland No Perched
RD185 Recessional Outwash Outwash Delta No Shallow
RDDP Recent Alluvium Valley No Shallow




SACR Till Glaciated Upland No Perched
SHAS-1 Advance Outwash Glaciated Upland No Moderate
SHAS-2 Advance Outwash Glaciated Upland No Moderate
SHAS-3 Advance Outwash Glaciated Upland No Moderate

SHAU Advance Outwash Glaciated Upland No Moderate
SMDR Recent Alluvium Valley Yes Shallow

SPCM Recessional Outwash Outwash Plain No Shallow

SPSP Recessional Outwash Outwash Plain No Shallow

ST174 Fill/Unknown Glaciated Upland No Perched
TAWG-1 Fill/Unknown Glaciated Upland No Perched
TAWG-7 Till Glaciated Upland No Perched




Number of

Built |Leaky Number| Number Only | Only |Number of| Overflow

Site ID | Underdrain | Per |Catch Sheet | Number ofh:nlets oflr'1lets Sheet | Piped | Overflow | Structures
Plan | Basin Flow | of Inlets Wlt_h with Inflow | Inflow | Structures with

Erosion | Blockages Blockages
AR51-N No Yes N/A | Yes 5 0 4 No No 0 0
AR51-S No Yes N/A | Yes 2 0 1 No No 0 0
AUPQ No No No No 1 0 1 No Yes 1 0
BHBD Sump Yes N/A | No 2 0 2 No No 2 0
BHCH Sump Yes N/A No 3 1 2 No No 1 0
BHLA Yes Yes No Yes 4 0 4 No No 2 0
BHWT Yes Yes No No 1 0 1 No Yes 1 0
BIHS-2 Yes Yes No Yes 1 0 0 No No 1 1
BIHS-5 Yes No No Yes 2 0 0 Yes No 1 0
BO25 No Yes Yes No 3 0 2 No No 1 1
BO35G No Yes | N/A | No 2 0 0 No Yes 1 1
BOBB Yes Yes No No 2 2 1 No No 1 1
BV145 Yes Yes Yes No 1 0 1 No Yes 1 0
BVCC-1 No No No Yes 2 0 2 No No 1 1
BVCC-2 No No No No 6 0 2 No Yes 3 0
BVHS Yes Yes No No 4 0 1 No Yes 1 0
BVSE-1 No Yes Yes | Yes 5 0 1 No No 2 1
BVSE-2 No Yes Yes | Yes 3 3 0 Yes No 1 0
BVTM Yes Yes N/A No 9 1 6 No No 1 0
FDTM Yes No No No 2 0 2 No No 1 0
ISCP Yes Yes No Yes 1 0 0 Yes No 1 0
ISHS-1 No Yes No Yes 1 0 0 Yes No 1 0
ISHS-24 No Yes No No 2 0 2 No Yes 1 0
ISRB No No Yes No 2 0 2 No No 2 1
MKRH No N/A Yes No 3 1 2 No Yes 1 0
MOBR No Yes N/A No 2 0 0 No Yes 1 1
MOMR No No N/A No 1 0 0 No Yes 1 1
MVDB No Yes Yes No 2 0 0 No Yes 1 0
0oL420 No Yes No Yes 16 6 12 No No 1 0
OL436 No Yes No Yes 2 1 1 No No 0 0
OLDE Yes Yes No No 1 0 1 No No 2 0
OLYA No Yes | N/A | No 4 4 0 No No 0 0
OLYE No Yes N/A | No 4 2 2 No No 2 0
PUNR Yes Yes No No 1 1 1 No Yes 1 0
PUVI-1 Yes Yes Yes | Yes 2 1 1 No No 1 1
PUVI-4 Yes Yes Yes | Yes 2 1 1 No No 1 0
PUWA Yes Yes No Yes 1 0 0 Yes No 1 0
RD185 Yes Yes No No 1 0 1 No No 1 0
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Percent of Cell

Percent of Cell

Percent of Cell

Animal Presence

Site ID ;::?gr:g: Coverage Bare Coverage (Ft.ece.s, Burrows, 0:::::e d Irrigation Ir;itt:tt::n
Mulch Ground Natural Mulch| Stinging Insects)
AR51-N None None 75 -100% No Yes No N/A
AR51-S None 25-50% 25-50% No No No N/A
AUPQ 75 -100% None None No Yes Yes Active
BHBD None <25% 75 -100% No No No N/A
BHCH 75 - 100% None 75 - 100% No Yes No N/A
BHLA None None 75 - 100% Yes No No N/A
BHWT None 25-50% 50-75% Yes No No N/A
BIHS-5 None 75 - 100% 25-50% No No No N/A
BIHS-2 None 25-50% 50-75% Yes Yes Yes Unknown
BO25 25-50% <25% 50-75% No Yes No N/A
BO35G <25% 25-50% 25-50% No Yes No N/A
BOBB <25% <25% 50-75% No No No N/A
BV145 None 25-50% 25-50% Yes Yes Yes Active
BVCC-1 None 50-75% 25 -50% Yes Yes Yes Active
BVCC-2 None None 75 - 100% No Yes Yes Active
BVHS None 50-75% 50-75% No No Yes Active
BVSE-1 <25% <25% 50-75% Yes No Yes Active
BVSE-2 None <25% 50-75% Yes No Yes Active
BVTM None 25-50% 50-75% No No Yes Active
FDTM None 75 - 100% <25% No No No N/A
ISCP 75 - 100% None 75 -100% Yes Yes No N/A
ISHS-1 75 -100% None None Yes No Yes Unknown
ISHS-24 None 25-50% 50-75% Yes Yes Yes Unknown
ISRB 75 - 100% None <25% No Yes No N/A
MKRH 75 - 100% <25% None No No Yes Active
MOBR None None 75 - 100% No No No N/A
MOMR None None 75 - 100% No No No N/A
MVDB 75 - 100% <25% None No No No N/A
0oL420 None 50-75% 50-75% No No Yes Abandoned
0OL436 None 50-75% 25-50% No No Yes Active
OLDE None None 75 -100% Yes No Yes Active
OLYA 25-50% 25-50% <25% Yes No No N/A
OLYE None None 75 - 100% No No Yes Active
PUNR None <25% 50-75% Yes No Yes Unknown*
PUVI-4 None 50-75% 50-75% Yes No Yes Active
PUVI-1 None 25-50% 50-75% No No Yes Active
PUWA <25% <25% 50-75% No Yes Yes Active
RD185 75 - 100% <25% <25% Yes No Yes Active




RDDP 50-75% 50-75% None No Yes Yes Active
SACR 25 -50% None None No No Yes Active
SHAS-1 75 -100% None None No No No N/A
SHAS-2 25-50% 50 - 75% None No No No N/A
SHAS-3 None 25 -50% 25 -50% No Yes No N/A
SHAU 50-75% None 25-50% No No No N/A
SMDR None None 75 -100% No No Yes Active
SPCM <25% <25% 75 - 100% No No Yes Active
SPSP <25% 25-50% 75 - 100% Yes No No N/A
ST174 75 - 100% <25% None No No No N/A
TAWG-1 75 -100% <25% None Yes Yes Yes Abandoned
TAWG-7 None <25% 50 - 75% No No No N/A
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BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) North Cell (Lot 10) October 9, 2023
EXECUTIVE SUMMARY
PLAN REVIEW:

This bioretention cell is one of dozens of bioretention cells, constructed in 2009, which collect
stormwater runoff from the adjacent Airport Boulevard/51st Avenue roadway. The cell was designed to
be constructed with 18” of bioretention soil above a geotextile filter fabric set above native soils. Water
enters the cell through a series of curb cuts with quarry spalls used for energy dissipation. All water is
designed to infiltrate into the ground and there are no emergency overflow bypass.

BIORETENTION SOIL:

Thickness: 1.4-2.0

The apparent thickness of bioretention soil based on probe data and hand augers ranged from 1.4-2.0’
below the ground surface with an average thickness of 1.7’. Filter fabric was not encountered in any of
the 3 hand augers despite being called for in the plans.

Composition: The plans called for the bioretention soil specification to follow the guidance of the 2005
LID manual. The 2005 LID manual provides several different soil mix specifications and therefore the
tested material cannot be compared to a specific design mix. In comparison to the 2019 Ecology
specification, the tested soil did not meet the recommended guidelines for organic content but had a
sand gradation finer than the specified range and exceeded the recommended silt content.

Organic Matter Content (% by weight): 6.5
Percent passing #200 sieve: 8.7
Coefficient of Uniformity (Cu): 6.1
Coefficient of Curvature (Cc): 1.2

SUBGRADE CONDITIONS:

Geologic Unit: Vashon Recessional Outwash, Marysville Member

Soil Description: Medium dense, slightly moist, light brown, fine to medium SAND, trace silt, some gravel
(SP).

BUILT PER PLAN:

The sides slopes of the cell were observed to be excessively steep causing the bioretention soil to slough
off the sidewalls and expose the underlying filter fabric. The filter fabric was not encountered in hand
augers conducted throughout the cell base. Otherwise, the cell was constructed to designed
specifications.

GROUNDWATER CONDITIONS:

According to the geotechnical report, groundwater was observed to be approximately 10’ below ground
surface in test pits near the bioretention cell. The wellpoint we installed was screened 3.2-2.4’ below
ground surface and did not encounter groundwater. The wellpoint responded to infiltration testing and
rose to a minimum depth of 1.8’ below ground surface.

INFILTRATION TEST RESULTS:

Bioretention Soil Rate (in/hr): 52
Subgrade Soil Rate (in/hr): 111

Project No. 20150387H008 Page 1 of 9



BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51)

Cell: (51st Avenue) North Cell (Lot 10)

Assessed On:
October 9, 2023

The bioretention soil rate was calculated using constant head results from the final hour of inflow. The
subgrade soil rate was calculated using the falling head results from the wellpoint.

AESI conducted pit infiltration tests in 2009 within 500 feet of the tested cell and measured an

infiltration rate of 99 in/hr. The drainage report states a long-term infiltration rate of the existing native

soils as 2.5 in/hr.

MAINTENANCE OBSERVATIONS/CONSIDERATIONS:

Filter fabric placement is not consistent with the design plans and may be eligible for replacement.

Field Conditions

Weather Overcast 60’s
Recent Rainfall Today: 0.07”
Field Reps Full Day: Sarah Faubion

Cell Overview
Number of Inlets
Design Outlet/Overflow

Underdrain or Dispersion
Pipe?

Cleanouts?

Hand Augers

Infiltration Test Recorded

2
O Yes No

O Yes No

O Yes No
3 Taken
Yes [ No

Site Photo: FA_SitePhotos-20231009-192239.jpg

Project No. 20150387H008

Yesterday: 0” Two Days Ago: 0“

Half Day: Evan Paul

Predominate Landuse Arterial Road
Standing Water Present? O Yes No

Existing Observation O Yes No
Port?
Existing Staff Gauge? O Yes No

Site Photo: FA_SitePhotos-20231009-192308.jpg
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BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) North Cell (Lot 10) October 9, 2023

Site Photo: FA_SitePhotos-20231009-212130.jpg

Cell Construction

Irrigation O Yes No
Sheet Flow Yes [0 No 50%
Standing Water O Yes No
Underdrain/ Dispersion Pipe O Yes No
Cleanouts O Yes No

Additional Comments
Water is conveyed to the cell through one curb cut inlet and from runoff from the adjacent impervious sidewalk.
All water is designed to infiltrate into the ground as there is no overflow structure or underdrain system.
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BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51) Assessed On:

Cell: (51st Avenue) North Cell (Lot 10) October 9, 2023
Inlets

IN-1

Curb cut [ Sheet Flow
[0 Dispersed Flow [ Pipe
O Other:

Width: 2.2’

Energy Dissipation
Angular Rock: Buried
Stream Cobble: n/a
Water Wheel: n/a
Splash Block: n/a
Concrete Apron: n/a

FA_INphoto-20231009-192612.jpg

Erosion Present? (1 Yes No Blockage Present? ¥l Yes [ No
Approximately 20% blocked

Types:
Sediment Organic [ Rock
[0 Trash Vegetation

Additional Details: Grass and soil built up around curb

cut inlet. Evidence of ponding along curb due to fines
deposition.

FA_INBLPhoto-20231009-192554.jpg
Additional Details: Quarry spalls noted in plans buried by sediment and organic debris.
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BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) North Cell (Lot 10) October 9, 2023
IN-2

O Curb cut Sheet Flow
[0 Dispersed Flow [ Pipe
0 Other:

Width: 44.8’

Energy Dissipation
Angular Rock: n/a
Stream Cobble: n/a
Water Wheel: n/a
Splash Block: n/a
Concrete Apron: n/a

FA_INphoto-20231009-193041.jpg

Erosion Present? [1 Yes No Blockage Present? [ Yes No
Additional Details: Sheet flow from adjacent pedestrian walkway.

Cell Surface and Geotech Probe Observations

Mulch: None [ Shredded Mulch [ Fine Mulch [ Coarse Mulch  Depth (ft):
Cell Coverage

Mulch None [0 <25% [ 25-50% [ 50-75% [ 75-100%
Bare Ground O None 0O <25% 25-50% [ 50-75% [ 75-100%
Other O None O <25% 25-50% O 50-75% O 75-100%

Natural mulch consists of cut grass and maple leaves.
Pest Evidence

Animal Burrows O Yes No
Animal Plant Damage O Yes No
Large Deposition of Feces O Yes No

Additional Details:

Vegetation Description

Grasses mown short (<3"), some native shrubs present, but appear regularly cut back, Vegetation does not
hinder out work.

Additional Details

Geotech Probe Observations: Soil probes ranged in depth from 1.4' to 2' with an average thickness of 1.7'. Due to
steep slopes on the street side of the cell, bioretention soil was observed sloughing into the bottom of the cell
and exposing underlying filter fabric. This filter fabric was not observed in hand augers performed in distant
areas of the cell and therefore is interpreted to be discontinuous.
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BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) North Cell (Lot 10) October 9, 2023

Hand Auger
HA-1WP

Zone 1 O Zone 2 O Zone 3

0 Outside Cell

Depth (ft)

to Bioretention Soil: 0.1

to Native Soil: 1.7

to Import/Underdrain:

Total Depth: 2.5

Rain/Garden Mix Soil Texture: Slightly moist, loose, dark
brown, fine to medium SAND, some gravel, some silt,
abundant organics (SW-SM).

Native Soil Texture: Slightly moist, medium dense, light
brown fine to medium SAND, some gravel, trace silt. (SP)
Liner Present: Filter Fabric Present:
O Yes M No O Yes ™M No

Well Point Detail

Is the well point dry? ¥ Yes [ No

Depth to water from TOC (ft):

Respond to Testing: ¥ Yes [ No

Shallowest Depth to water during testing from Ground
Surface (ft): 1.8

FA_FPhoto-20231009-210838.jpg

IMG_0724.jpg
Additional Details

HA-2

Zone 1 [0 Zone 2 [0 Zone 3

[0 Outside Cell

Depth (ft)

to Bioretention Soil: 0.1
to Native Soil: 1.7
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BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51)
Cell: (51st Avenue) North Cell (Lot 10)

Assessed On:
October 9, 2023

HA-2
to Import/Underdrain:
Total Depth: 1.7

Rain/Garden Mix Soil Texture: Sl. Moist, loose, dark brown,
f-m SAND , some gravel, some silt, abundant organics (SW-

SM).

Native Soil Texture: N/A

Liner Present: Filter Fabric Present:
0 Yes ™ No O Yes M No

Additional Details

HA-3

Zone 1 [0 Zone 2 [0 Zone 3

[0 Outside Cell

Depth (ft)

to Bioretention Soil: 0.1
to Native Soil: 2
to Import/Underdrain:

Total Depth: 2

Rain/Garden Mix Soil Texture: Sl. Moist, loose, dark brown,
gravelly f-m SAND, some silt, abundant organics (SP-SM)
Native Soil Texture: N/A

Liner Present: Filter Fabric Present:
0 Yes ™ No O Yes M No

Additional Details

Infiltration Test

IT-1

Water Supply

Hydrant [0 Hose Bib [ Irrigation Tap OO Water Truck

Project No. 20150387H008

IMG_0726.jpg

IMG_0730.jpg
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BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51)
Cell: (51st Avenue) North Cell (Lot 10)

Assessed On:
October 9, 2023

AES| Meter# FM-4 (3-50)

Wetted Pond Area (sq. ft) 83
Ponded Depth (ft) 0.6
Total Gallons 18,464
Steady State Flow Rate (GPM) 45

Additional Details:

Additional Comments

Project No. 20150387H008

IT_Photo-20231009-211346.jpg

IT_Photo-20231009-211359.jpg

IT_Photo-20231009-211414.jpg
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BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) North Cell (Lot 10) October 9, 2023

Project No. 20150387H008 Page 9 of 9



1/23/2024

20150387H008

Well Point

AR51N-HA-1-WP

Bioretention Hydrologic Performance Monitoring Study Sheet: 1 of 1

Multiple Locations

Start Date: 10/9/23

Logged By: SNCF/EAP

20150387H008

Ending Date: 10/9/23

Approved By: JHS

Driller/Equipment: Hand Auger
Hammer Weight/Drop: N/A

Hole Diameter (in): 4

Ground Surface Elevation (ft): 100
Water Level Elevation (ft): N/A
Y Groundwater Depth ATD (ft): Not encountered Y Groundwater Depth Post Drilling (ft) (Date): ( N/A)

Total Depth (ft): 3.5

Well Completion Depth (ft): 3.8
Well Tag No.: N/A

Top of Well Casing Elevation (ft): 104.1
Datum: Project Datum

— 18 s ol .
E172] 23 3le
[ Q A .
%_ %_ 5 2 € Description 5 % Blows/Foot Well Construction
S|E|E|ca c| =
| nn ; +
n SR18SEA
0 % 1 \IO/ _ Natural Mulch Stick up -4.1 to 0.3 feet
3 U 2 2o Scattered grasses and organic debris. Existing bioretention soil 0
o]
| oog] Bioretention Soil Mix 1 to 0.4 feet
3 000 { Loose, slightly moist, dark brown, fine to medium 3/8-inch bentonite chips 0.4
i U ggg it SAND, some silt, some gravel; abundant organics (SW- to 0.6 feet
L ggg | SM). Medium grained silica sand
L, 333 As above. 0.6 to 3.5 feet
OOO
i 4 888 : As above; moist. 1.25-inch I.D. threaded
O O
3 U 099l galvanized steel casing -4.1
L 888 <-| to 0.4 feet; duct tape covers
ol ] screen 0.4 to 2.4 feet
- 5F Vashon Recessional Outwash - Marysville Member P ’ '
U Medium dense, slightly moist, light brown, fine to
—2 medium SAND, trace silt, some gravel (SP).
i 1.25-inch I.D. stainless steel
- " 6 As above. jacket over stainless steel
L gauze welded to perforated
3 steel 2.4 to 3.2 feet
i *| Castironendcap3.2to03.5
- 2 feet
L No seepage. Minimal caving. Cast iron drive point 3.5 to
i Soils information from adjacent hand auger 3.8 feet
L, explorations are described in the Site Assessment
Field Report.
=5
6
=7

Associated Earth Sciences, Inc.
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GRAIN SIZE - mm.
0% +3" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt \ Clay
0.0 35 2.3 4.1 37.1 49.9 3.1
TEST RESULTS Material Description
Opening Percent Spec.” Pass? SAND some gravel trace silt
Size Finer (Percent) (X=Fail)
15" 100.0
1 96.5 Atterberg Limits (ASTM D 4318)
3/4" 96.5 PL= NP LL= NV Pl=
5/8" 96.5 e
12" 96.3 Classification
3/8" 96.0 USCS (D 2487)= SP AASHTO (M 145)= A-3
#4 94.2 Coefficients
#8 911 Dgo= 1.9739 Dgs= 0.9689 Dgo= 0.4808
#10 90.1 Dgo= 0.4046 D3g= 0.2922 Di5= 0.2025
#20 824 Dio= 0.1547 C,= 311 Cc= 115
#40 53.0
#60 221 Remarks
#100 9.6
#200 31
#270 21
Date Received: 10-09-2023 Date Tested: 11-28-2023
Tested By: FEW
Checked By: CSI/JHS
Title:
* (no specification provided)
Location: Onsite - Airport BLVD N Date Sampled: 10-09-2023
Sample Number: HA-1-WP Depth: 2.5-3.5 P
Client: City of Olympia
Project: Bioretention Hydrologic Performance Monitoring Study
Project No: 20150387 H008 Figure




Particle Size Distribution Report
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10-09-2023

Date Sampled:

Depth: 0.1-0.5'

Location: Onsite - BHPS-Airport BLVD. N

Sample Number: HA-IWP

City of Olympia

Client:

Bioretention Hydrologic Performance Monitoring Study

Project:

Project No:

Figure

20150387 HO08




Particle Size Distribution Report
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(no specification provided)

*

10-09-2023

Date Sampled:

Depth: 0.1-0.5'

Location: onsite - Airport BLVD. N

Sample Number: HA-3

City of Olympia

Client:

Bioretention Hydrologic Performance Monitoring Study

Project:

Project No:

Figure

20150387 HO08




Moisture, Ash, and Organic Matter of Peat
and Other Organic Soils - ASTM 2974

Date Sampled Project Project No. Soil Description
10/28/2023 BHPS-AirportBLVD-N. 20150387 HO08

Tested By Location EB/EP No. Depth Bioretention soil
FEW Arlington, WA HA-3 0.1-0.5'

Moisture Content

Sample ID HA-3 @ 0.1-0.5'
Wet Weight + Pan 530.79
Dry Weight + Pan 508.22
Weight of Pan 262.00
Weight of Moisture 22.57
Dry Weight of Soll 246.22
% Moisture 9.17

Organic Matter and Ash Content

Dry Soil Before Burn + Pan 508.22
Dry Soil After Burn + Pan 494.24
Weight of Pan 262.00
Wt. Loss Due to Ignition 13.98
Actual Wt. Of Soil After Burn 232.24
% Organics 5.68

ASSOCIATED EARTH SCIENCES, INC

911 5th Ave., Suite 100 Kirkland, WA 98033 425-827-7701 FAX 425-827-5424



Moisture, Ash, and Organic Matter of Peat
and Other Organic Soils - ASTM 2974

Date Sampled Project Project No. Soil Description
10/28/2023 BHPS-AirportBLVD-N. 20150387 HO08

Tested By Location EB/EP No. Depth Bioretention soil
FEW Arlington, WA HA-1WP 0.1-0.5'

Moisture Content

Sample ID HA-IWP @ 0.1-0.5'
Wet Weight + Pan 500.61
Dry Weight + Pan 473.73
Weight of Pan 261.81
Weight of Moisture 26.88
Dry Weight of Soll 211.92
% Moisture 12.68

Organic Matter and Ash Content

Dry Soil Before Burn + Pan 473.73
Dry Soil After Burn + Pan 458.22
Weight of Pan 261.81
Wt. Loss Due to Ignition 15.51
Actual Wt. Of Soil After Burn 196.41
% Organics 7.32

ASSOCIATED EARTH SCIENCES, INC

911 5th Ave., Suite 100 Kirkland, WA 98033 425-827-7701 FAX 425-827-5424



Project Name: Airport Blvd North (Lot 10) Water Source: Hydrant
Project Number: 20150387H008 Meter: FM-4 (3-50)
Date: 10/9/2023 Wetted Area (sq. feet): 12:00 88 ft*2 / 13:10: 83 ft"2
Weather: Overcast, light showers Underdrain: No
Test No.: IT-1 Test Depth (feet): 0.6
Performed By: SNCF/EAP Receptor Soils: Qur
(;::ﬁ_) Flow Rate (gpm) Staff Gauge #1 (ft) Staff Gauge #2 (ft) |Wellpoint (ft, btoc) Totalizer (gallons) Comments
9:45 Water on
9:47 30.02 40 Placed SG-2
9:50 30.5 0.18 0.52 120
9:55 29.7 275 Increase flow
9:57 43.9 0.3 0.59 385
10:00 44.6 0.3 0.59 488
10:02 0.31 0.59 6.77 Base of pond filled
10:15 44.6 0.32 0.59 6.06 1,147
10:31 44.7 0.31 0.59 1,876
10:37 44.7 0.45 0.59 5.95 SG-1 fell over - reset
10:45 44.5 0.46 0.6 5.95 2,500 Pond shrinking on south end
11:00 44.6 0.46 0.6 5.95 3,160
11:15 44.6 0.46 0.6 5.95 3,830
11:30 44.9 0.46 0.6 5.93 4,527
11:54 45 0.46 0.6 5.92 5,617
12:00 449 0.46 0.6 5.92 5,894
12:15 45 0.46 0.6 5.91 6,571
12:34 44.8 0.46 0.6 5.9 7,419
12:45 449 0.44 0.6 5.89 7,920
13:00 45.1 0.44 0.6 5.9 8,559
13:16 45.1 0.44 0.6 5.9 9,310
13:30 44.8 0.44 0.6 5.9 9,903
13:45 44.6 0.44 0.6 5.9 10,609
14:00 44.8 0.44 0.6 5.89 11,259
14:17 45.1 0.44 0.6 5.89 12,040
14:30 45.2 0.44 0.6 5.89 12,604
14:45 44.9 0.44 0.6 5.89 13,285 Sheet flow into cell from sidewalk
15:00 44.8 0.44 0.6 5.9 13,953
15:15 44.9 0.44 0.6 5.9 14,628
15:30 45 0.44 0.6 5.9 15,293
15:45 44.8 0.44 0.6 5.89 15,962
15:55 44.9 0.43 0.6 5.89 16,408
16:05 44.8 0.43 0.6 5.89 16,857
16:15 44.6 0.43 0.6 5.88 17,304
16:25 44.8 0.43 0.6 5.89 17,752




16:35 44.7 0.43 0.6 5.89 18,210
16:45 0.43 0.6 5.89 18,646 Water off
16:46 0.38 0.48 5.95
16:47 0.3 0.36 6.06
16:48 0 0
16:50 6.43
16:52 6.83
16:54 6.83
16:56 6.83
SG-1 Average Infiltration Rate (in/hr) during last hour of inflow: 52.0
SG-1 Average Infiltration Rate (in/hr) during falling head: 46.8
SG-2 Average Infiltration Rate (in/hr) during last hour of inflow: 51.9
SG-2 Average Infiltration Rate (in/hr) during falling head: 86.4
WP Average Infiltration Rate (in/hr) during last hour of inflow: 51.9
WP Average Infiltration Rate (in/hr) during falling head: 110.9




Water Level (Stage) in Feet
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BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51) Assessed On:

Cell: (51st Avenue) South Cell (Lot 2) September 19, 2023
EXECUTIVE SUMMARY
PLAN REVIEW:

The tested cell is one of dozens of bioretention cells, constructed in 2009, which collect stormwater
runoff from the adjacent Airport Boulevard/51st Avenue roadway. The cell was designed to be
constructed with 18” of bioretention soil above a geotextile filter fabric set above native soils. Water
enters the cell through a series of curb cuts with quarry spalls used for energy dissipation. All water is
designed to infiltrate into the ground and there is no emergency overflow bypass.

BIORETENTION SOIL:

Thickness: 1.5-2.2

The apparent thickness of bioretention soil based on probe data and hand augers ranged from 1.5-2.2’
below the ground surface with an average thickness of 1.8".

Composition: The plans called for the bioretention soil specification to follow the guidance of the 2005
LID manual. The 2005 LID manual provides several different soil mix specifications and therefore the
tested material cannot be compared to a specific design mix. In comparison to the 2019 Ecology
specification, the tested soil did not meet the recommended guidelines for organic content but had a
sand gradation finer than the specified range and exceeded the recommended silt content.

Organic Matter Content (% by weight): 6.8
Percent passing #200 sieve: 9.4
Coefficient of Uniformity (Cu): 8.2
Coefficient of Curvature (Cc): 1.2

SUBGRADE CONDITIONS:

Geologic Unit: Vashon Recessional Outwash, Marysville Member

Soil Description: Medium dense, slightly moist, brown, fine to medium SAND, some coarse sand, trace
rounded fine gravel (SP).

BUILT PER PLAN:
The observed cell conditions were generally consistent with the design plans.

GROUNDWATER CONDITIONS:

According to the geotechnical report, groundwater was observed to be approximately 8’ below ground
surface in test pits near the bioretention cell. The wellpoint we installed was screened 2.2-2.7’ below
ground surface and did not encounter groundwater. The wellpoint responded to infiltration testing and
rose to a minimum depth of 1’ below ground surface.

INFILTRATION TEST RESULTS:
Bioretention Soil Rate (in/hr): 83.3
Subgrade Soil Rate (in/hr): 104

The bioretention soil rate was calculated using constant head results from the final hour of inflow. The
subgrade soil rate was calculated using the falling head results from the wellpoint.

Project No. 20150387H008 Page 1 of 15



BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51)

Cell: (51st Avenue) South Cell (Lot 2)

Assessed On:

September 19, 2023

AESI conducted pit infiltration tests in 2009 within 500 feet of the tested cell and measured an
infiltration rate of 99 in/hr. The drainage report states a long-term infiltration rate of the existing native

soils as 2.5 in/hr.

MAINTENANCE OBSERVATIONS/CONSIDERATIONS:

Other than sediment clogging of the inlets, the cell was generally found to be in working condition.

Field Conditions
Weather

Recent Rainfall

Field Reps

Cell Overview
Number of Inlets
Design Outlet/Overflow

Underdrain or Dispersion
Pipe?

Cleanouts?

Hand Augers

Infiltration Test Recorded

Overcast 60’s
Today: 0”

Full Day: Brennan Nowak

5
O Yes No

O Yes No

O Yes No
3 Taken
Yes [ No

Site Photo: FA_SitePhotos-20230919-152459.jpg

Project No. 20150387H008

Yesterday: 0”

Two Days Ago: 0“

Half Day: Sarah Faubion

Predominate Landuse
Standing Water Present?

Existing Observation
Port?
Existing Staff Gauge?

Arterial Road
O Yes No

O Yes No

O Yes No

Page 2 of 15



BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) South Cell (Lot 2) September 19, 2023

Site Photo: FA_SitePhotos-20230919-164555.jpg

Site Photo: FA_SitePhotos-20230919-194313.jpg
Site Photo: FA_SitePhotos-20230919-164615.jpg

Cell Construction

Irrigation O Yes No
Sheet Flow Yes [0 No 50%
Standing Water O Yes No
Underdrain/ Dispersion Pipe O Yes No
Cleanouts O Yes No

Additional Comments
Water is conveyed to the cell through several curb cut inlets and from surface runoff from adjacent sidewalk. All
water is designed to infiltrate into underlying native sediments.

Project No. 20150387H008 Page 3 of 15



BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51) Assessed On:

Cell: (51st Avenue) South Cell (Lot 2) September 19, 2023
Inlets

IN-1

Curb cut [ Sheet Flow
[0 Dispersed Flow [ Pipe
O Other:

Width: 2.1’

Energy Dissipation
Angular Rock: Buried
Stream Cobble: n/a
Water Wheel: n/a
Splash Block: n/a
Concrete Apron: n/a

FA_INphoto-20230919-184357.jpg
Erosion Present? [1 Yes No Blockage Present? [ Yes No
Additional Details: Some exposed angular cobble visible amongst thick mat of grass and weeds.

Project No. 20150387H008 Page 4 of 15



BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51)
Cell: (51st Avenue) South Cell (Lot 2)

Assessed On:
September 19, 2023

IN-2
Curb cut [0 Sheet Flow

[0 Dispersed Flow [ Pipe
O Other:

Width: 2.1’

Energy Dissipation
Angular Rock: Buried
Stream Cobble: n/a
Water Wheel: n/a
Splash Block: n/a
Concrete Apron: n/a

Project No. 20150387H008

FA_INphoto-20230919-173520.jpg

Page 5 of 15



BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51)
Cell: (51st Avenue) South Cell (Lot 2)

Assessed On:
September 19, 2023

Erosion Present? [ Yes No

Blockage Present? ¥l Yes [ No
Approximately 40% blocked

Types:
Sediment Organic Rock
[0 Trash Vegetation

Additional Details: Grass and sand built up.

FA_INBLPhoto-20230919-184219.jpg

Additional Details: Some angular cobbles exposed beneath mat of grasses and vegetative debris.

Project No. 20150387H008

Page 6 of 15



BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51)
Cell: (51st Avenue) South Cell (Lot 2)

Assessed On:
September 19, 2023

IN-3
Curb cut [0 Sheet Flow

[0 Dispersed Flow [ Pipe
O Other:

Width: 2.1’

Energy Dissipation
Angular Rock: Buried
Stream Cobble: n/a
Water Wheel: n/a
Splash Block: n/a
Concrete Apron: n/a

Project No. 20150387H008

FA_INphoto-20230919-173854.jpg

Page 7 of 15



BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) South Cell (Lot 2) September 19, 2023
Erosion Present? (1 Yes No Blockage Present? ¥l Yes [ No

Approximately 70% blocked

Types:
O Sediment Organic [ Rock
[0 Trash Vegetation

Additional Details: Large weed growth with organic
material piled against it.

FA_INBLPhoto-20230919-173841.jpg
Additional Details: In comparison to adjacent inlets, more vegetative growth and taller grasses surrounds inlet 3.

Project No. 20150387H008 Page 8 of 15



BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51)
Cell: (51st Avenue) South Cell (Lot 2)

Assessed On:
September 19, 2023

IN-4
Curb cut [0 Sheet Flow

[0 Dispersed Flow [ Pipe
O Other:

Width: 2.1’

Energy Dissipation
Angular Rock: Buried
Stream Cobble: n/a
Water Wheel: n/a
Splash Block: n/a
Concrete Apron: n/a

Project No. 20150387H008

FA_INphoto-20230919-183827.jpg
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BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) South Cell (Lot 2) September 19, 2023
Erosion Present? (1 Yes No Blockage Present? ¥l Yes [ No

Approximately 100% blocked

Types:
Sediment Organic [ Rock
[0 Trash [0 Vegetation

Additional Details: Blockages fills entire inlet but not
impervious.

FA_INBLPhoto-20230919-183546.jpg
Additional Details: Some angular cobbles exposed though most are buried under grass cuttings.

Project No. 20150387H008 Page 10 of 15



BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51)
Cell: (51st Avenue) South Cell (Lot 2)

Assessed On:
September 19, 2023

IN-5
Curb cut [0 Sheet Flow

[0 Dispersed Flow [ Pipe
O Other:

Width: 2.1’

Energy Dissipation
Angular Rock: Buried
Stream Cobble: n/a
Water Wheel: n/a
Splash Block: n/a
Concrete Apron: n/a

Project No. 20150387H008

FA_INphoto-20230919-183845.jpg
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BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51)
Cell: (51st Avenue) South Cell (Lot 2)

Assessed On:
September 19, 2023

Erosion Present? [ Yes No

Blockage Present? ¥l Yes [ No
Approximately 100% blocked

Types:
Sediment [ Organic [ Rock
[0 Trash Vegetation

Additional Details: Grass and other weeds create
blockage.

FA_INBLPhoto-20230919-183739.jpg

Additional Details: Angular cobbles mostly buried by vegetative cover and debris, similar to others.

Cell Surface and Geotech Probe Observations

Mulch: None [ Shredded Mulch [ Fine Mulch [ Coarse Mulch Depth (ft):

Cell Coverage

Mulch None [ <25% [ 25-50%
Bare Ground None [ <25% [ 25-50%
Other O None [ <25% [ 25-50%

O 50-75% O 75-100%
0O 50-75% 0O 75-100%
O 50-75% 75 -100%

Natural mulch consisting of cut grasses and vegetative debris 0.2' to 0.3' thick. Minimal garbage/litter. Inflow #3
has a large growth of vegetation, potentially evidence of majority of water inflow from road.

Pest Evidence

Animal Burrows O Yes No
Animal Plant Damage O Yes No

Project No. 20150387H008

Page 12 of 15



BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) South Cell (Lot 2) September 19, 2023
Large Deposition of Feces O Yes No

Additional Details:

Vegetation Description

Cell covered in grass. Bottom of cell consists of grass cuttings that are dried and dead.

Additional Details

Geotech Probe Observations: Soil probes depths in the cell base ranged from 1.5' to 2.2' with average depth of
1.8'. The bioretention soil was observed to be moderately compacted due to the resistance the soil presented to
the geotechnical probe. Probes conducted near each inlet encountered gravels installed for energy dispersal
which were buried in up to one foot of sediment.

Hand Auger
HA-1WP

Zone 1 O Zone 2 O Zone 3

0 Outside Cell

Depth (ft)

to Bioretention Soil: 0.3

to Native Soil: 1.6

to Import/Underdrain:

Total Depth: 3

Rain/Garden Mix Soil Texture: Loose, slightly moist, dark
brown, fine to medium SAND, some gravel, some silt,
abundant organics (SW-SM).

Native Soil Texture: Medium dense, slightly moist, brown,
fine to medium SAND, some coarse sand, some gravel
rounded fine gravel, trace silt, sparse organics (one piece
of charcoal) (SP)

Liner Present: Filter Fabric Present:

O Yes M No ¥ Yes [ No
Black, geotextile filter
fabric at 1.6

Well Point Detail

Is the well point dry? ¥ Yes [ No

Depth to water from TOC (ft):

Respond to Testing: ¥ Yes [ No IMG_0608.jpg
Shallowest Depth to water during testing from Ground

Surface (ft): 1.06

Additional Details

Water in wellpoint never reached the surface of the bioretention cell.

HA-2

Zone 1 [0 Zone 2 [0 Zone 3

O Outside Cell

Depth (ft)

to Bioretention Soil: 0.2
to Native Soil: 1.7
to Import/Underdrain:

Total Depth: 1.7

Project No. 20150387H008 Page 13 of 15



BIORETENTION CELL FIELD ASSESSMENT

Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) South Cell (Lot 2) September 19, 2023
HA-2

Rain/Garden Mix Soil Texture: Loose, slightly moist, dark
brown, gravelly, fine to medium SAND, some silt, abundant
organics (SW-SM).
Native Soil Texture:
Liner Present: Filter Fabric Present:
0 Yes ™ No ¥ Yes [ No

Filter fabric at 1.7'

IMG_0610.jpg
Additional Details
HA-3
Zone 1l [ Zone 2 [ Zone 3
O Outside Cell
Depth (ft)
to Bioretention Soil: 0.2
to Native Soil: 1.8
to Import/Underdrain:
Total Depth: 1.8
Rain/Garden Mix Soil Texture: Loose, slightly moist, dark
brown, gravelly, fine to medium SAND, some silt, abundant
organics (SW-SM).
Native Soil Texture:
Liner Present: Filter Fabric Present: IMG_0617.jpg
0 Yes ™ No ¥ Yes [ No -

Filter fabric at 1.8'

Additional Details

Infiltration Test
IT-1
Water Supply
Hydrant [0 Hose Bib [ Irrigation Tap [0 Water Truck
AES| Meter# 6

Wetted Pond Area (sq. ft) 116
Ponded Depth (ft) 0.63
Total Gallons 41,531
Steady State Flow Rate (GPM) 100.6

Additional Details:

Project No. 20150387H008 Page 14 of 15



BIORETENTION CELL FIELD ASSESSMENT
Site: Airport Boulevard (AR51) Assessed On:
Cell: (51st Avenue) South Cell (Lot 2) September 19, 2023

Flow rates fluctuated up and down as much as 3 gpm with flow
rate control undisturbed. Water district mentioned there could
be impacts tied to the water treatment plant with flows in the
100 gpm.

Additional Comments

Project No. 20150387H008 Page 15 of 15



1/23/2024

Well Point AR51S-HA-1-WP

Bioretention Hydrologic Performance Monitoring Study Sheet: 1 of 1

Multiple Locations Start Date: 9/18/23 Logged By: SNCF

20150387H008 Ending Date: 9/18/23 Approved By: JHS

Total Depth (ft): 3
Well Completion Depth (ft): 3.3
Well Tag No.: N/A

Driller/Equipment: Hand Auger
Hammer Weight/Drop: N/A
Hole Diameter (in): 4

Ground Surface Elevation (ft): 100 Top of Well Casing Elevation (ft): 104.6

Water Level Elevation (ft): N/A Datum: Project Datum

Y Groundwater Depth ATD (ft): Not encountered Y Groundwater Depth Post Drilling (ft) (Date): ( N/A)

20150387H008

8l s T
E > § o ° q_>) io
c|5lels 8 - =& .
2 %_ 5 2 € Description 5 g Blows/Foot Well Construction
S|E|E|ca c| =
© +
3|2 | l=asges
0 N4 Natural Mulch .| Stick up -4.6 to 0.1 feet
i v \v| Natural mulch (leaf litter). | Existing bioretention soil 0
- 1 o090 T Bioretention Soil Mix 4 to1feet
| U ggg Loose, slightly moist, dark brown, fine to medium 1.25-inch I.D. threaded
oo SAND, some silt, some fine gravel; abundant organics galvanized steel casing -4.6
L oo | (SW-SM). to 0.1 feet; duct tape covers
2 OOO
P /B = As above. | screen 0.1to 2.2 feet
0091 3/8-inch bentonite chips 1
i 3 %Y. As above. 4 to 1.4 feet
(ol I
i U 888 ] Medium grained silica sand
O Ov. . .
i 4 ggg Filter fabric. 1.4 to 3 feet
S /I 52
OOO |
L5 o9
L 5[ Vashon Recessional Outwash - Marysville Member 1.25-inch 1.D. stainl teel
U Medium dense, slightly moist, brown, fine to medium N -inch 1.D. s_ ainless stee
i SAND, some coarse sand, trace rounded fine gravel; Jacket over stainless steel
3 U 6 sparse organics (charcoal wood) (SP). b #60 gauze welded to
| As above; no charcoal. perforated steel 2.2 to0 2.7
feet
3 : - Castironend cap 2.7to 3
No seepage. No caving. Refusal at 3 feet (gravel). feet
i Soils information from adjacent hand auger Cast iron drive point 3 to 3.3
i explorations are described in the Site Assessment feet
- Field Report.
—4
=5
6
=7

Associated Earth Sciences, Inc.




Particle Size Distribution Report
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(no specification provided)
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9-18-2023

Date Sampled:

Depth: 0.3-0.8'

-1WP

- BHPS—AirEort Blvd-S

Sample Number: AR51SH

Location: Onsite

City of Olympia

Client:

Bioretention Hydrologic Performance Monitoring Study

Project:

Figure

20150387 HO08

Project No:




Particle Size Distribution Report
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9-18-2023

Date Sampled:

Depth: 1.6-2.1'

Location: Onsite - BHPS-AR51S
Sample Number: AR51SHA-1WP

City of Olympia

Client:

Bioretention Hydrologic Performance Monitoring Study

Project:

Figure

20150387 HO08

Project No:




Particle Size Distribution Report
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Clay
0.0
9-18-2023

A-1-b
10-26-2023

% Fines

Pl
Figure

Silt
0.7
Date Tested:
Date Sampled:

AASHTO (M 145)

NV
Classification
3.9911
0.4677
2.97
Remarks

Coefficients

LL

Material Description

SAND some gravel trace silt
Dgs

SP
D30
CU

Fine

24.3
Atterberg Limits (ASTM D 4318)

Title:

7.4019
Dgo= 0.6509
D1p= 0.2613

NP
Tested By: FEW

Checked By: SNCF/JS
20150387 HO08

% Sand

Medium

53.4
Bioretention Hydrologic Performance Monitoring Study

Date Received: 9-19-2023

PL
USCS (D 2487)
Doo

City of Olympia

GRAIN SIZE - mm.

8.1
Project No:

Coarse
Client:
Project:

Fail)

Fine
12.8
Pass?
X

% Gravel
Depth: 2.1-2.5

Coarse
Spec.”

(Percent)

0.7

TEST RESULTS

Percent
Finer

0.0
(no specification provided)

% +3"
Location: Onsite- AR51S

Size

Opening
*

Sample Number: HA-1IWP




Particle Size Distribution Report
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(no specification provided)

*

9-18-2023

Date Sampled:

Depth: 0.2-0.8'

Location: Onsite- BHPS-AR51S
Sample Number: AR51SHA-2

City of Olympia

Client:

Bioretention Hydrologic Performance Monitoring Study

Project:

Figure

20150387 HO08

Project No:




Moisture, Ash, and Organic Matter of Peat
and Other Organic Soils - ASTM 2974

Date Sampled Project Project No. Soil Description
9/18/2023 BHPS-AR51S 20150387 HO08

Tested By Location EB/EP No. Depth Bioretention soil
FEW Arlington,Wa. AR51S-HA Various

Moisture Content

Sample ID HA-2 @ 0.2-0.8' HA-1WP @ 0.3-0.8' HA-1 @ 1.6-2.1'
Wet Weight + Pan 521.5 523.7 567.0
Dry Weight + Pan 502.1 493.1 545.4
Weight of Pan 255.0 255.3 260.1
Weight of Moisture 195 30.6 21.6
Dry Weight of Soll 247.1 237.7 285.3
% Moisture 7.9 12.9 7.6

Organic Matter and Ash Content

Dry Soil Before Burn + Pan 502.1 493.1 545.4
Dry Soil After Burn + Pan 484.0 478.0 536.2
Weight of Pan 255.0 255.3 260.1
Wt. Loss Due to Ignition 18.1 15.1 9.2
Actual Wt. Of Soil After Burn 229.0 222.7 276.1
% Organics 7.3 6.3 3.2

ASSOCIATED EARTH SCIENCES, INC

911 5th Ave., Suite 100 Kirkland, WA 98033 425-827-7701 FAX 425-827-5424



Project Name: Auburn Pick Quick (Basin C) Water Source: Hydrant

Project Number: 20150387H008 Meter: FM-6 (10-100)
Date: 8/10/2023 Wetted Area (sq. feet): 10:30: 104 ftA2 / 16:00: 210 ft"2
Weather: Clear, 70's Underdrain: Dispersal Pipe
Test No.: IT-1 Test Depth (feet): 0.28

Performed By: APJ Receptor Soils: Bioretention Soil Mix / Green River Alluvium
(:‘l‘r-r:‘er) Flow Rate (gpm) Staff Gauge #1 (ft) Catch Basin (ft) Wellpoint (ft, btoc) Totalizer (gallons) Comments

10:01 15.25 0.00 2.9 dry Water on

10:03 15.25 0.06 107

10:05 15.24 0.04 128 Flow turned down

10:07 54.26 2.1 184 Slowly increasing flow rate to decrease scouring water observed in CB (2.1)

10:10 35.85 0.08 303

10:15 36.13 0.10 481 Flow increased ~45 gpm

10:20 35.9 0.10 663

10:25 45.36 0.12 882

10:27 1.86 dry

10:31 45.3 0.10 1,153

10:45 45.19 0.10 1.68 1,783 CB filling

11:00 44.96 0.10 1.62 2,485

11:15 44.85 0.10 1.5 3,137

11:41 44.9 0.10 1.41 dry 4,290

11:45 44.9 0.10 1.4 4,504

12:00 44.74 0.10 1.36 dry 5,147 No changes in ponded area

12:01 0.11

12:16 45.63 0.11 1.33 5,895 Flow up to 60

12:30 63.46 0.14 1.24 6,715

12:46 63.97 0.14 1.21 5.57 7,765

13:00 63.97 0.14 1.21 5.42 8,655 Flow up to 82

13:15 81.95 0.17 1.05 5.19 9,872

13:30 82.69 0.18 0.97 5.01 11,115

13:45 82.8 0.18 0.91 4.89 12,333

14:00 82.46 0.18 0.85 4.76 13,621

14:15 82.52 0.19 0.82 4.68 14,832

14:32 82.91 0.20 0.75 4.59 16,184 Flow down to 70

14:45 71.67 0.19 0.83 4.58 17,155 Flow up to 87

15:02 79.46 0.20 0.74 4.51 18,520

15:15 79.3 0.20 0.72 4.46 19,523

15:30 79.07 0.20 0.68 4.4 20,713

15:45 78.79 0.22 0.67 4.37 21,895

16:00 78.61 0.22 0.63 4.32 23,093

16:11 78.61 0.24 0.62 4.36 23,942

16:20 79.62 0.24 0.6 4.26 24,660

16:31 79.57 0.25 0.55 4.23 25,537

16:40 80 0.26 0.54 4.2 26,245

16:50 80.09 0.27 0.51 4.18 27,048

17:03 80 0.28 0.52 4.15 28,088 Water Off
17:03:30 0.26 0.52

17:04 0.24

17:05 0.20

1706 0.14




17:07 0.06

17:08 0.00 4.28

17:13 1.26 4.53

17:18 1.46 4.64

17:23 1.62 4.87

17:26 1.73 5.03

17:35 2.12 5.56

17:46 dry 5.92 Catch basin observed to be dry, may have gone dry sooner.
17:51 6.08

18:00 6.39 Removed wellpoint

SG-1 Bioretention Soil Average Infiltration Rate (in/hr) during last hour of inflow: 35.7

SG-1 Bioretention Soil Average Infiltration Rate (in/hr) during falling head: 33.6

Native Soils Average Infiltration Rate (in/hr) during last hour of inflow (Wellpoint Response): 38.3
Native Soils Average Infiltration Rate (in/hr) during falling head (Wellpoint Response): 29.2
Native Soils Average Infiltration Rate (in/hr) during last hour of inflow (Catch Basin Response): 37.8
Native Soils Average Infiltration Rate (in/hr) during falling head (Catch Basin Response): 26.0




Water Level (Stage) in Feet

101.00

100.50

100.00

99.50

99.00

98.50

98.00

97.50

97.00

Airport Boulevard South (Lot 2) Infiltration Test
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BIORETENTION CELL FIELD ASSESSMENT

Site: Pick Quick (AUPQ) Assessed On:
Cell: Basin C Raingarden August 10, 2023
EXECUTIVE SUMMARY
PLAN REVIEW:

The Pick Quick raingarden was constructed in 2011 and collects roof runoff from the adjacent building.
The cell design calls for 1.5’ of amended soil above 1’ of washed gravels wrapped in filter fabric set
above native soils. Within the gravels sits a perforated dispersal pipe which connects to an open
bottomed catch basin set in underlying native soils. All water is designed to infiltrate into the ground.

BIORETENTION SOIL:

Thickness: 0.5-1.1

The apparent thickness of loose bioretention soil based on probe data and hand augers ranged from 0.5’
in the center of the cell and increased towards the edges of the cell base to a maximum depth of 1.1/
The average thickness of the bioretention soil was 0.7".

Composition: The plans called for amended consisting of 10% planting soil, 40% Grade A compost and
50% C-33 Sand. The tested material had a higher silt and fine gravel content than the specification for C-
33 but was otherwise generally consistent. In comparison to the 2019 Ecology specification, the tested
material fell within the recommended guidelines for sand gradation but exceeded the specifications for
fine gravel and silt content. The organic matter content also exceeded the 2019 Ecology
recommendations.

Organic Matter Content (% by weight): 11.5
Percent passing #200 sieve: 8.5

Coefficient of Uniformity (Cu): 11.2
Coefficient of Curvature (Cc): 2.1

SUBGRADE CONDITIONS:

Geologic Unit: Green River Alluvium

Soil Description: Loose, slightly moist, dark brownish gray, gravelly, fine to medium SAND, some coarse
sand, trace silt; trace rootlets (SP)

BUILT PER PLAN:

The depth of the bioretention soil was found to be less than the designed 1.5’. The stream cobbles
adjacent the inlet pipe buried in sediment, organics, and recently placed beauty bark. Otherwise, the cell
was generally consistent with the design plans.

GROUNDWATER CONDITIONS:

The design plans indicate that seasonal groundwater high is approximately 6.5’ below ground surface.
The temporary wellpoint we installed screened 3-5.6" below ground surface did not encounter
groundwater. The wellpoint responded to infiltration testing with the minimum measured water level
below the ground surface as 2.7". The catch basin which water is collected in the catch basin and
conveyed responded to infiltration testing and rose to within inches of the ground surface.

INFILTRATION TEST RESULTS:

Bioretention Soil Rate (in/hr): 35.7
Subgrade Soil Rate (in/hr): N/A

Project No. 20150387H008 Page 1 of 12



BIORETENTION CELL FIELD ASSESSMENT
Site: Pick Quick (AUPQ) Assessed On:
Cell: Basin C Raingarden August 10, 2023

In 2011 AESI conducted an infiltration test of the amended soils and measured the infiltration rate to be
13.8 in/hr. The geotechnical report proposed a long-term infiltration rate of the native soils to be 1 inch
per hour. The bioretention soils were assumed to have a long-term infiltration rate of 2 inches per hour.

MAINTENANCE OBSERVATIONS/CONSIDERATIONS:

During AESI field work in 2011 the amended soil depth was measured to be between 1.5-2’. Our 2023
field investigations found the soil depth to be between .5-1.1" which is less than the 1.5’ of soil specified
by the plans. Fresh beauty bark had recently been applied to the surface and our hypothesis is that
bioretention soil has been scraped off the surface during subsequent replacements of the bark.

Field Conditions

Weather Clear, 70s
Recent Rainfall Today: 0” Yesterday: 0.03” Two Days Ago: 0“
Field Reps Full Day: APJ Half Day: CSI

Cell Overview

Number of Inlets 1 Predominate Landuse Commercial

Design Outlet/Overflow Yes [0 No Standing Water Present? O Yes No
Count: 1

Underdrain or Dispersion Yes [ No Existing Observation O Yes No

Pipe? Port?

Cleanouts? O Yes No Existing Staff Gauge? O Yes No

Hand Augers 4 Taken

Infiltration Test Recorded Yes [0 No

Site Photo: FA_SitePhotos-20230810-143014.jpg Site Photo: FA_SitePhotos-20230810-143048.jpg

Project No. 20150387H008 Page 2 of 12



BIORETENTION CELL FIELD ASSESSMENT

Site: Pick Quick (AUPQ) Assessed On:
Cell: Basin C Raingarden August 10, 2023
Site Photo: FA_SitePhotos-20230810-200930.jpg Site Photo: FA_SitePhotos-20230810-201002.jpg

Cell Construction

Irrigation Yes [ No
Irrigation lines run down the long axis of the cell on both sides.
Sheet Flow O Yes No
Standing Water O Yes No
Underdrain/ Dispersion Pipe Yes [ No

Pipe Diameter: 0.5’ Full Width Width 5.5

Trench width estimated as 5.5’ from probe data, approximately the same
width as the cell base. Trench about 1’ deep. Perforated pipe lies in the
bottom of the trench. Conveys water to the catch basin which infiltrates
water to native soils.

Cleanouts O Yes No

Additional Comments

Cell has freshly laid beauty bark above bioretention soil above a gravel underdrain trench (with perforated pipe)

that conveys water to an infiltrating catch basin. During infiltration testing, water hit the underdrain pipe within

10 minutes and head began to rise in the CB.

Project No. 20150387H008 Page 3 of 12



BIORETENTION CELL FIELD ASSESSMENT

Site: Pick Quick (AUPQ) Assessed On:

Cell: Basin C Raingarden August 10, 2023
Inlets

IN-1

O Curb cut O Sheet Flow
[0 Dispersed Flow Pipe
O Other:

Pipe:

Material

PVC O Metal OO Concrete [0 Other
Diameter: 0.45’

Energy Dissipation
Angular Rock: n/a
Stream Cobble: Buried

Water Wheel: n/a FA_INphoto-20230810-143034.jpg
Splash Block: n/a
Concrete Apron: n/a

Erosion Present? (1 Yes No Blockage Present? ¥l Yes [ No
Approximately 30% blocked

Types:
O Sediment [ Organic [ Rock
Trash [0 Vegetation

Additional Details: Pipe blocked in leaf litter, trash,

beauty bark.
Additional Details: Buried stream cobbles under 0.3 feet of sedimentation.

Project No. 20150387H008 Page 4 of 12



BIORETENTION CELL FIELD ASSESSMENT
Site: Pick Quick (AUPQ) Assessed On:
Cell: Basin C Raingarden August 10, 2023

Design Overflow/Outlet
DO-1
Shape:
Round Dimensions:
O Rectangular Diameter: 1.5’
0 Other
Additional Details:
Stickup (ft)
From Ground: 0.49
Relative from staff gauge:
Damage Indicators:
Yes [ No
Overflow structure base covered in litter, trash which

may obstruct infiltrating water.
Trash Rack: FA_DOPhoto-20230810-215432.jpg

Yes [ No
Additional Details:

Overflow Blocked? [0 Yes No

Cell Surface and Geotech Probe Observations

Mulch: O None [ Shredded Mulch [ Fine Mulch Coarse Mulch  Depth (ft): 0.3
Cell Coverage

Mulch O None O <25% [O 25-50% [ 50-75% 75 - 100%
Bare Ground None [0 <25% [ 25-50% [ 50-75% [0 75-100%
Other None [ <25% [ 25-50% [ 50-75% O 75-100%

Entire cell is covered in ‘beauty bark’ (coarse, brown, fibrous mulch) recently placed by owner. Abundant garbage
on the cell base (>20) pieces including cans, assorted plastics, food wrappers.
Pest Evidence

Animal Burrows O Yes No
Animal Plant Damage O Yes No
Large Deposition of Feces O Yes No

Additional Details:

Vegetation Description

Manicured shrubs placed around the upper zone of the cell.

Additional Details

Geotech Probe Observations: Probe depths from the center of the cell ranged from 0.5-0.9 feet where they met
resistance due to gravels (plans call for 1.5' of bioretention soil). Probe depths were measured to be the
shallowest in the central portion of the cell (0.5').

The width of the underdrain trench ranged from 5.5'-7.5' wide and the length was estimated to be ~60'. No
zones of excessive compaction were observed.

Hand Auger

HA-1-WP

Zone 1 [0 Zone 2 [0 Zone 3
[0 Outside Cell

Project No. 20150387H008 Page 5 of 12



BIORETENTION CELL FIELD ASSESSMENT
Site: Pick Quick (AUPQ)
Cell: Basin C Raingarden

Assessed On:
August 10, 2023

HA-1-WP

Depth (ft)

to Bioretention Soil: 0.3
to Native Soil:

to Import/Underdrain: 0.5
Total Depth: 7

Rain/Garden Mix Soil Texture: Loose, sl. moist, dark
brown, f-m SAND, some coarse sand, some silt, abundant
organics (SW-SM)
Native Soil Texture: Loose, sl. moist, dark brownish-gray,
gravelly, f-m SAND, some coarse sand, trace silt, trace
rootlets (SP).
Liner Present: Filter Fabric Present:
O Yes M No ¥ Yes [ No
Filter fabric above and
below gravel trench.
Well Point Detail
Is the well point dry? ¥ Yes [ No
Depth to water from TOC (ft):
Respond to Testing: ¥ Yes [ No
Shallowest Depth to water during testing from Ground
Surface (ft): 2.7

Project No. 20150387H008

AUPQ HA-1.jpg

Page 6 of 12



BIORETENTION CELL FIELD ASSESSMENT

Site: Pick Quick (AUPQ) Assessed On:
Cell: Basin C Raingarden August 10, 2023
HA-1-WP
IMG_1723.jpg
IMG_3434.jpg

Additional Details

0-0.3": Beauty bark

0.3-0.5'": Bioretention soil mix

0.5': Geotextile filter fabric

0.5-1.5": Underdrain gravels

1.5": Filter fabric

1.5-7": Green River Alluvium (Native)

HA-2

Zone 1 O Zone 2 O Zone 3

O Outside Cell

Depth (ft)

to Bioretention Soil: 0.3

to Native Soil:

to Import/Underdrain: 0.9

Total Depth: 0.9

Rain/Garden Mix Soil Texture: Loose, sl. moist, dark
brown, f-m SAND, some coarse sand, some silt, abundant
organics (SW-SM)

Native Soil Texture: N/A

Liner Present: Filter Fabric Present:
0 Yes ™ No ¥ Yes [ No

Project No. 20150387H008

Page 7 of 12



BIORETENTION CELL FIELD ASSESSMENT
Site: Pick Quick (AUPQ)
Cell: Basin C Raingarden

Assessed On:
August 10, 2023

HA-2
Fabric at 0.9

Additional Details

HA-3

0 Zone 1 0 Zone 2 [ Zone 3

Outside Cell

Depth (ft)

to Bioretention Soil: 0.3

to Native Soil: 0.8

to Import/Underdrain:

Total Depth: 1.5

Rain/Garden Mix Soil Texture: Loose, sl. moist, dark
brown, f-m SAND, some coarse sand, some silt, abundant
organics (SW-SM)

Native Soil Texture: Loose, moist, grayish brown silty f-m

SAND (SM)
Liner Present: Filter Fabric Present:
O Yes ™ No O Yes M No

Project No. 20150387H008

IMG_3436.jpg
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BIORETENTION CELL FIELD ASSESSMENT

Site: Pick Quick (AUPQ) Assessed On:
Cell: Basin C Raingarden August 10, 2023
HA-3

IMG_3437.jpg

Additional Details
Exploration completed outside the underdrain trench approximately 85' from the overflow structure. No filter
fabric or underdrain gravels were encountered.

Outside trench. No filter fabric, no gravels encountered.

HA-4

Zone 1l [0 Zone2 [ Zone 3

O Outside Cell

Depth (ft)

to Bioretention Soil: 0.2

to Native Soil:

to Import/Underdrain: 0.7

Total Depth: 0.7
Rain/Garden Mix Soil Texture: Loose, sl. moist, dark
brown, f-m SAND, some coarse sand, some silt, abundant
organics (SW-SM)

Native Soil Texture:

Liner Present: Filter Fabric Present:
O Yes ™ No ¥ Yes O No
Fabric at 0.7

Project No. 20150387H008 Page 9 of 12



BIORETENTION CELL FIELD ASSESSMENT

Site: Pick Quick (AUPQ) Assessed On:
Cell: Basin C Raingarden August 10, 2023
HA-4

IMG_3438.jpg

Additional Details

Infiltration Test
IT-1
Water Supply
Hydrant [J Hose Bib [J Irrigation Tap [0 Water Truck
AES| Meter# FM-6 (10-100)

Wetted Pond Area (sq. ft) 210
Ponded Depth (ft) 0.28
Total Gallons 28,088
Steady State Flow Rate (GPM) 80

Additional Details:
Water hit the underdrain pipe within 10 minutes of the
test start time.

Project No. 20150387H008 Page 10 of 12



BIORETENTION CELL FIELD ASSESSMENT
Site: Pick Quick (AUPQ) Assessed On:
Cell: Basin C Raingarden August 10, 2023

IT_Photo-20230810-215547.jpg

IT_Photo-20230810-215614.jpg

IT_Photo-20230810-215629.jpg

Additional Comments

Project No. 20150387H008 Page 11 of 12



BIORETENTION CELL FIELD ASSESSMENT
Site: Pick Quick (AUPQ) Assessed On:
Cell: Basin C Raingarden August 10, 2023

Project No. 20150387H008 Page 12 of 12



1/24/2024

20150387H008

Well Point

AUPQ-HA-1-WP

Bioretention Hydrologic Performance Monitoring Study Sheet: 1 of 2

Multiple Locations

Start Date: 8/10/23

Logged By: APJ

20150387H008

Ending Date: 8/10/23

Approved By: JHS

Hammer Weight/Drop: N/A
Hole Diameter (in): 4

Driller/Equipment: Hand Auger

Ground Surface Elevation (ft): 100
Water Level Elevation (ft): N/A
Y Groundwater Depth ATD (ft): Not encountered Y Groundwater Depth Post Drilling (ft) (Date): ( N/A)

Total Depth (ft): 7
Well Completion Depth (ft): 6.2
Well Tag No.: N/A

Datum: Project Datum

Top of Well Casing Elevation (ft): 101.5

— 18 s .
gl22|eg3s gl
vl € 2 — - .
= %_ 5| &€ Description 5 § Blows/Foot Well Construction
S |E|E|5a 5l 8
o o
3|3 | l=asges
0 Bark Stick up -1.5 to O feet
i 1 BCNE Loose, coarse, woody bark. Existing bioretention soil 0
| U oJ0 ] Bioretention Soil Mix to 0.8 feet
°© OO G Loose, slightly moist, dark brown, fine to medium
i OOOO SAND, some coarse sand, some gravel, some silt;
3 OO abundant organics (SW-SM). - .
. OOOO Black, geotextile, filter fabric. tEXIitISnfg g;avel drain rock 0.8
2 OOOO Gravel Drain Rock 0 .>tee
I U OOOO Loose, slightly moist, gray, GRAVEL (GP).
L OO
O O . . .
| - Black, geotextile, filter fabric. Medium grain silica filter
Green River Alluvium sand 1.5 to 2.6 feet
I Loose, slightly moist, dark brownish gray, gravelly,
- 5;5 fine to medium SAND, some coarse sand, trace silt; 1.25-inch I.D. threaded
| o9, trace rootlets (SP). vanized steel casing -1.5
S s Becomes some silt; present in clumps (SW-SM). galvanized steel casing -L.
L \_/ 3 8885; to 3 feet
B OOO .
888 3/8-inch bentonite chips 2.6
L 888 . to 2.8 feet
L5 059 Native sand 2.8 to 6.2 feet
888 [ 1.25-inch 1.D. stainless steel
i o0 jacket over stainless steel
L ggg { Interbed of dark brown silt recovered as clasts. #60 gauze welded to
o] B
L 888 Becomes trace silt. perforated steel 3 to 5.6
%03 | feet
L 9.
SN
—4 oog 1 Becomes moist; increasing augering resistance.
- OOO
OOO
: 4 b
OOO
S 7/
OOO
| 059
. oo
0 ° ke
I oo
O _Of.
i ggg i Becomes lightly oxidized.
o]
I ggg . Cast iron end cap 5.6 to 5.9
B ggg feet
L6 ZOZ Cast iron drive point 5.9 to
U 6 020 6.2 feet
i ood
OOO k
B ogo ]
[sh(< N
| U 7 ggg’ i
oo}
B ogo
L - °09! Bottom of hole.
i No seepage. No caving. Stopped excavation for

Associated Earth Sciences, Inc.




1/24/2024

20150387H008

Well Point AUPQ-HA-1-WP

Bioretention Hydrologic Performance Monitoring Study Sheet: 2 of 2

Multiple Locations Start Date: 8/10/23 Logged By: APJ
20150387H008 Ending Date: 8/10/23 Approved By: JHS
Driller/Equipment: Hand Auger Total Depth (ft): 7
Hammer Weight/Drop: N/A Well Completion Depth (ft): 6.2
Hole Diameter (in): 4 Well Tag No.: N/A
Ground Surface Elevation (ft): 100 Top of Well Casing Elevation (ft): 101.5
Water Level Elevation (ft): N/A Datum: Project Datum

Y Groundwater Depth ATD (ft): Not encountered Y Groundwater Depth Post Drilling (ft) (Date): ( N/A)

— 18] .
181223 gy
%_ %_ %_ o Description 5 £ Blows/Foot Well Construction
S|EIEl6a 5| =
8|8 | |==gs3
| time constraints and maximum wellpoint depth.
Hole backfilled 0.8 feet to allow for wellpoint
i stickup.
i Soils information from adjacent hand auger
—8 explorations are described in the Site Assessment
L Field Report.

Associated Earth Sciences, Inc.




Particle Size Distribution Report
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8/10/2023

Date Sampled:

Depth: .5

Location: Onsite - Pick Quick

Sample Number: HA-1

City of Olympia

Client:

Bioretention Hydrologic Performance Monitoring Study

Project:

Project No:

Figure

20150387 HO08




Particle Size Distribution Report
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Title:

NP
Tested By: FEW

% Sand
Checked By: APJJHS
20150387 HO08

Medium

37.3
Bioretention Hydrologic Performance Monitoring Study

Date Received: 8/10/2023

gravelly SAND, trace silt
USCS (D 2487)
City of Olympia

PL

GRAIN SIZE - mm.

135
Project No:

Coarse
Client:
Project:

Fail)

Fine
8.2
Pass?
X

% Gravel

Coarse
Spec.”
Depth: 1.5-2.3

(Percent)

4.5

TEST RESULTS

100

Percent
Finer

0.0

(no specification provided)

% +3"
Size
Location: Onsite- AUPQ
Sample Number: HA-1

Opening
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Particle Size Distribution Report
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8/10/2023

Date Sampled:

Depth: 0.2-0.7'

Location: Onsite - Pick Quick
Sample Number: HA-4

City of Olympia

Client:

Bioretention Hydrologic Performance Monitoring Study

Project:

Figure

20150387 H008

Project No:




Moisture, Ash, and Organic Matter of Peat

and Other Organic Soils - ASTM 2974

Date Sampled Project Project No. Soil Description
8/10/2023 BHPS - AUPQ 20150387 HO08

Tested By Location EB/EP No. Depth Bioretention soil
Csli Auburn, WA AUPQ-HA Various

Moisture Content

Sample ID HA-1 @ 0.5' HA-4 @ 0.2-0.7'

Wet Weight + Pan 861.58 991.18

Dry Weight + Pan 830.03 919.59

Weight of Pan 247.10 391.95

Weight of Moisture 31.55 71.59

Dry Weight of Soll 582.93 527.64

% Moisture 5.41 13.57

Organic Matter and Ash Content

Dry Soil Before Burn + Pan 830.03 919.59

Dry Soil After Burn + Pan 758.34 863.53

Weight of Pan 247.10 391.95

W1. Loss Due to Ignition 71.69 56.06

Actual Wt. Of Soil After Burn 511.24 471.58

% Organics 12.30 10.62

ASSOCIATED EARTH SCIENCES, INC

911 5th Ave., Suite 100 Kirkland, WA 98033 425-827-7701 FAX 425-827-5424




Project Name: Auburn Pick Quick (Basin C) Water Source: Hydrant
Project Number: 20150387H008 Meter: FM-6 (10-100)
Date: 8/10/2023 Wetted Area (sq. feet): 10:30: 104 ftA2 / 16:00: 210 ft"2
Weather: Clear, 70's Underdrain: Dispersal Pipe
Test No.: IT-1 Test Depth (feet): 0.28
Performed By: APJ Receptor Soils: Green River Alluvium
Time . . .

(24-hr) Flow Rate (gpm) Staff Gauge #1 (ft) Catch Basin (ft) Wellpoint (ft, btoc) Totalizer (gallons) Comments
10:01 15.25 0.00 2.9 dry Water on
10:03 15.25 0.06 107
10:05 15.24 0.04 128 Flow turned down
10:07 54.26 2.1 184 Slowly increasing flow rate to decrease scouring water observed in CB (2.1)
10:10 35.85 0.08 303
10:15 36.13 0.10 481 Flow increased ~45 gpm
10:20 35.9 0.10 663
10:25 45.36 0.12 882
10:27 1.86 dry
10:31 45.3 0.10 1,153
10:45 45.19 0.10 1.68 1,783 CB filling
11:00 44.96 0.10 1.62 2,485
11:15 44.85 0.10 1.5 3,137
11:41 44.9 0.10 1.41 dry 4,290
11:45 44.9 0.10 1.4 4,504
12:00 44.74 0.10 1.36 dry 5,147 No changes in ponded area
12:01 0.11
12:16 45.63 0.11 1.33 5,895 Flow up to 60
12:30 63.46 0.14 1.24 6,715
12:46 63.97 0.14 1.21 5.57 7,765
13:00 63.97 0.14 1.21 5.42 8,655 Flow up to 82
13:15 81.95 0.17 1.05 5.19 9,872
13:30 82.69 0.18 0.97 5.01 11,115
13:45 82.8 0.18 0.91 4.89 12,333
14:00 82.46 0.18 0.85 4.76 13,621
14:15 82.52 0.19 0.82 4.68 14,832
14:32 82.91 0.20 0.75 4.59 16,184 Flow down to 70
14:45 71.67 0.19 0.83 4.58 17,155 Flow up to 87
15:02 79.46 0.20 0.74 4.51 18,520
15:15 79.3 0.20 0.72 4.46 19,523
15:30 79.07 0.20 0.68 4.4 20,713
15:45 78.79 0.22 0.67 4.37 21,895
16:00 78.61 0.22 0.63 4.32 23,093
16:11 78.61 0.24 0.62 4.36 23,942
16:20 79.62 0.24 0.6 4.26 24,660
16:31 79.57 0.25 0.55 4.23 25,537
16:40 80 0.26 0.54 4.2 26,245
16:50 80.09 0.27 0.51 4.18 27,048
17:03 80 0.28 0.52 4.15 28,088 Water Off

17:03:30 0.26 0.52
17:04 0.24
17:05 0.20
1706 0.14




17:07 0.06

17:08 0.00 4.28

17:13 1.26 4.53

17:18 1.46 4.64

17:23 1.62 4.87

17:26 1.73 5.03

17:35 2.12 5.56

17:46 dry 5.92 Catch basin observed to be dry, may have gone dry sooner.
17:51 6.08

18:00 6.39 Removed wellpoint

SG-1 Bioretention Soil Average Infiltration Rate (in/hr) during last hour of inflow: 35.7

SG-1 Bioretention Soil Average Infiltration Rate (in/hr) during falling head: 33.6

Native Soils Average Infiltration Rate (in/hr) during last hour of inflow (Wellpoint Response): 38.3
Native Soils Average Infiltration Rate (in/hr) during falling head (Wellpoint Response): 29.2
Native Soils Average Infiltration Rate (in/hr) during last hour of inflow (Catch Basin Response): 37.8
Native Soils Average Infiltration Rate (in/hr) during falling head (Catch Basin Response): 26.0




Water Level (Stage) in Feet

Pick Quick Infiltration Tes

t

Stage (feet) on Left Axis; Flow Rate (gpm) on Right Axis vs Elasped Time (minutes)

101.00 - 120
= — . IV VISV e eI *%
100.00 gxxx XX XX R XA el el
100
99.00 -
80
+
98.00 -
T 60
A
97.00 -
40
96.00 -
20
95.00
94.00 T T T T T T T T 1 O
0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 450.00 500.00

Elasped Time (minutes)

Notes: Elevations are not surveyed and should be used as a relative
reference. Elevation 100 represents ground surface. Catch Basin set in
native soils

X Staff Gauge #1 Hand Data

A Wellpoint Hand Data

Catch Basin Logger

Flow Rate (gpm)

- Staff Gauge #1 Logger

Wellpoint Logger Data

+ Catch Basin Hand

Flow Rate (gpm)



BIORETENTION CELL FIELD ASSESSMENT

Site: Bloedel Donavan Park (BHBD) Assessed On:
Cell: Cell 1 July 5, 2023
EXECUTIVE SUMMARY
PLAN REVIEW:

The tested cell was constructed in 2003 and collects runoff through two curb cut inlets from the adjacent
parking lot. The cell is constructed with 1.5-2’ of bioretention soil set above geomembrane filter fabric.
The cell is divided into three sections by two sets of 2”x8 “plastic wood spreader weirs” which run
northeast-southwest along the cell base. Beneath the bioretention soil and filter fabric sits 3 six-inch lifts
of gravel drain rock, each lift wrapped in filter fabric. There is no underdrain set in the gravels and all
water is designed to infiltrate into the subsurface. A 6-inch diameter, 3.8’ deep PVC monitoring well sits
in the center of the cell. A surface level overflow structure is set behind a semi-circular curb which would
overtop during overflow conditions.

BIORETENTION SOIL:

Thickness: 1-1.7

The thickness of the loose bioretention soil ranged from 1-1.7’ based on soil probes and hand auger
explorations with an average depth of 1.4". This is slightly less than the 1.5’ minimum specified by the
plans. The thickness of the soil was observed to decrease away from the inlets. HA-1 encountered 1.7’ of
soil before encountering filter fabric, HA-2 encountered 1.4’ of soil, and HA-3 encountered 1’ of soil.
These depths were confirmed with probe measurements directly adjacent to the hand auger.

Composition: The plans call for the filter material to consist of 20-25% organic matter and 75-80%
medium sand with a specified gradation. The sand gradation for the tested material was finer than these
specifications and the silt content fell just above the less than 2% specified by the plans. In comparison
to the 2019 Ecology specifications, the tested material fell within the specified range for sand gradation
but exceeded the silt content specifications. The organic matter content fell within the specified range.

The fines content was observed to decrease with distance away from the inlets in the southwest side of
the cell. HA-1, located in weir zone 1 had a fines content of 9.5%, HA-2, located in weir zone 2 had a fines
content of 7.5%, and HA-3 located in weir zone 3 had a fines content of 6.0%.

Organic Matter Content (% by weight): 6.9
Percent passing #200 sieve: 7.7
Coefficient of Uniformity (Cu): 7.1
Coefficient of Curvature (Cc): 1.5

SUBGRADE CONDITIONS:

Geologic Unit: Recent Alluvium

Soil Description: N/A

Hand auger explorations did not penetrate the gravel drain rock underneath the bioretention soil.

BUILT PER PLAN:
The observed conditions were generally consistent with the design plans.

GROUNDWATER CONDITIONS:

No groundwater was encountered in hand auger explorations. A temporary wellpoint was not installed
prior to testing and instead the existing monitoring well was measured during testing. The monitoring

Project No. 20150387H008 Page 1 of 9



BIORETENTION CELL FIELD ASSESSMENT
Site: Bloedel Donavan Park (BHBD) Assessed On:
Cell: Cell 1 July 5, 2023

well had a stickup of 0.5’ and a total depth of 3.8’. A static water level of 3.14’ below top of casing was
taken prior to infiltration testing. The monitoring well was observed to increase 1.66’ to a maximum
depth of 1.49’ below top of casing.

INFILTRATION TEST RESULTS:
Bioretention Soil Rate (in/hr): 98
Subgrade Soil Rate (in/hr): N/A

Since the water supply (hose bib) was not sufficient to fill the entire cell three infiltration tests (IT-1, IT-2,
IT-3) were performed in the test cell, one in each weir zone. IT-1 was performed weir zone 1, closest to
the inlets and recorded an infiltration rate of 94.1 in/hr. IT-2 was performed in weir zone 2 and recorded
an infiltration rate of 101 in/hr. IT-3 was performed in weir zone 3 and recorded an infiltration rate of 162
in/hr.

Infiltration testing performed during phase one of this study in 2016 measured an infiltration rate of 25
in/hr. This test was conducted exclusively in weir zone one.

MAINTENANCE OBSERVATIONS/CONSIDERATIONS:
The cell was observed to be in generally working condition.

Field Conditions

Weather Clear, 80s
Recent Rainfall Today: 0” Yesterday: 0” Two Days Ago: 0“
Field Reps Full Day: APJ Half Day:

Cell Overview

Number of Inlets 2 Predominate Landuse Parkland

Design Outlet/Overflow Yes [ No Standing Water Present? O Yes No
Count: 2

Underdrain or Dispersion O Yes No Existing Observation Yes [1 No

Pipe? Port?

Cleanouts? O Yes No Existing Staff Gauge? O Yes No

Hand Augers 3 Taken

Infiltration Test Recorded Yes [ No
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BIORETENTION CELL FIELD ASSESSMENT

Site: Bloedel Donavan Park (BHBD) Assessed On:

Cell: Cell 1 July 5, 2023
Site Photo: FA_SitePhotos-20230705-231112.jpg Site Photo: FA_SitePhotos-20230705-231206.jpg
Site Photo: FA_SitePhotos-20230705-231146.jpg Site Photo: FA_SitePhotos-20230705-231225.jpg

Cell Construction

Irrigation O Yes No
Sheet Flow O Yes No
Standing Water O Yes No
Underdrain/ Dispersion Pipe O Yes No
Cleanouts O Yes No

Additional Comments

Water is conveyed to the cell from a low asphalt berm, and the edge of the sidewalk, that channels run off from
the adjacent parking lot to the cell via two curb cuts. Water is designed to infiltrate through the bioretention soil
before reaching 3 layers of drain rock lined with filter fabric. Cell is separated into three segments divided by
‘weirs’ overlapping plastic wooden planks that are designed to pool water before passing to the next segment.
The rain garden overflow is down gradient of the cell and conveys overflow water to the storm drain network. A
monitoring well is located near the center of the cell.
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BIORETENTION CELL FIELD ASSESSMENT
Site: Bloedel Donavan Park (BHBD)
Cell: Cell 1

Assessed On:
July 5, 2023

Inlets

IN-1

Curb cut [0 Sheet Flow
[0 Dispersed Flow [ Pipe
O Other:

Width: 1/

Energy Dissipation
Angular Rock: n/a
Stream Cobble: n/a
Water Wheel: n/a
Splash Block: n/a
Concrete Apron: n/a

Erosion Present? [ Yes No

Additional Details: No energy dissipation was observed.
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FA_INphoto-20230705-233238.jpg

Blockage Present? ¥l Yes [ No
Approximately 20% blocked

Types:
Sediment Organic [ Rock
[0 Trash [ Vegetation

Additional Details: The is 0.15 feet of sediment buildup
on the downhill, eastern, edge of curb cut. Trace
amounts of sediment buildup was observed along the
cell bottom. Deposition of sediment and matted
organic material was observed behind the inlet.

FA_INBLPhoto-20230705-233552.jpg
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BIORETENTION CELL FIELD ASSESSMENT

Site: Bloedel Donavan Park (BHBD) Assessed On:
Cell: Cell 1 July 5, 2023
IN-2

Curb cut [ Sheet Flow
[0 Dispersed Flow [ Pipe
0 Other:

Width: 1’

Energy Dissipation
Angular Rock: n/a
Stream Cobble: n/a
Water Wheel: n/a
Splash Block: n/a
Concrete Apron: n/a

FA_INphoto-20230705-234001.jpg

Erosion Present? [1 Yes No Blockage Present? ¥ Yes [ No
Approximately 35% blocked

Types:
Sediment [0 Organic [ Rock
0 Trash [ Vegetation

Additional Details: Sediment accumulation was
observed on the downhill, southern, side if inlet.
Matted leaves fixed to the sides of plants adjacent to
the inlet up to 0.7’ above ground. A plant was
observed growing in the organic buildup on the inlet.

FA_INBLPhoto-20230705-233949.jpg
Additional Details: No energy dissipation was observed.
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BIORETENTION CELL FIELD ASSESSMENT
Site: Bloedel Donavan Park (BHBD) Assessed On:
Cell: Cell 1 July 5, 2023

Design Overflow/Outlet
DO-1
Shape:
O Round Dimensions:
[0 Rectangular
Other: Semicircle
Additional Details: The overflow is a 9.5’ diameter
semicircle which divides the bioretention cell from the
overflow catch basin at ground level.
Stickup (ft)
From Ground: 0.5
Relative from staff gauge: 0.3
Damage Indicators:
O Yes No
Trash Rack: FA_DOPhoto-20230705-234423.jpg
O Yes No
Additional Details:
Overflow Blocked? [ Yes No

DO -2

Shape:

O Round Dimensions:
Rectangular Length: 1.75
0 Other Width: 1.4’
Additional Details:

Stickup (ft)

From Ground: 0

Relative from staff gauge:

Damage Indicators:

O Yes No

Trash Rack:

Yes [ No

Additional Details: FA_DOPhoto-20230705-234222.jpg

Overflow Blocked? [ Yes No

Cell Surface and Geotech Probe Observations

Mulch: None [ Shredded Mulch [ Fine Mulch [ Coarse Mulch Depth (ft):
Cell Coverage

Mulch None [ <25% [ 25-50% [ 50-75% O 75-100%
Bare Ground [0 None <25% [0 25-50% O 50-75% [ 75-100%
Other O None [0 <25% [ 25-50% [ 50-75% 75 - 100%

Natural mulch covers nearly 100% of the cell. Primarily dead sticks and leaves. Up to 0.4’ deep of debris.
Pest Evidence

Animal Burrows O Yes No

Animal Plant Damage O Yes No
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BIORETENTION CELL FIELD ASSESSMENT

Site: Bloedel Donavan Park (BHBD) Assessed On:
Cell: Cell 1 July 5, 2023
Large Deposition of Feces O Yes No

Additional Details:

Vegetation Description

The cell is densely vegetated. Vegetation limits access to interior of the cell and limits visibility and access to
measure pond. Only passageways into the cell are near parking spot in between two inlets and from the
northeast near IT-3.

Additional Details

Geotech Probe Observations: At the cell base, probe measurements found 1-1.7' of bioretention soil, with an
average probe depth of 1.4' before encountering the underdrain gravels. This is slightly less than the 1.5'
minimum specified by the plans. No zones of compaction were observed. Some areas of the cell could not be
probed due to thick, prickly vegetation.

Hand Auger
HA-1
Zone 1l [0 Zone2 [ Zone 3
O Outside Cell
Depth (ft)
to Bioretention Soil: 0.2
to Native Soil:
to Import/Underdrain: 1.7
Total Depth: 1.7
Rain/Garden Mix Soil Texture: Loose, moist, dark brown,
fine to medium SAND, some coarse sand, some silt, trace
gravel, abundant organics (SW-SM)
Native Soil Texture: Drain rock: Loose, moist, gray,
rounded, 1" GRAVEL (GP)

Liner Present: Filter Fabric Present:

O Yes M No ¥ Yes [ No
Black geomembrane
filter fabric

encountered at 1.7'

Additional Details

HA-2

Zone 1 [0 Zone 2 [0 Zone 3

[0 Outside Cell

Depth (ft)

to Bioretention Soil: 0
to Native Soil:

to Import/Underdrain: 1.4
Total Depth: 1.5

Rain/Garden Mix Soil Texture: Loose, moist, dark brown,
fine to medium SAND, some coarse sand, some silt, trace
gravel, abundant organics (SW-SM)
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BIORETENTION CELL FIELD ASSESSMENT

Site: Bloedel Donavan Park (BHBD) Assessed On:
Cell: Cell 1 July 5, 2023
HA-2

Native Soil Texture: Drain rock: Loose, moist, gray,
rounded, 1" GRAVEL (GP)

Liner Present: Filter Fabric Present:

0 Yes ™ No ¥ Yes [ No
Black geomembrane
filter fabric

encountered at 1.4'

Additional Details

HA-3

Zone 1 O Zone 2 O Zone 3

0 Outside Cell

Depth (ft)

to Bioretention Soil: 0

to Native Soil:

to Import/Underdrain:

Total Depth:

Rain/Garden Mix Soil Texture: Loose, moist, dark brown,
fine to medium SAND, some coarse sand, some silt, trace
gravel, abundant organics (SP-SM)

Native Soil Texture: Drain rock: Loose, moist, gray,
rounded, 1" GRAVEL (GP)

Liner Present: Filter Fabric Present:
O Yes M No O Yes ™M No

Additional Details
No filter fabric was called out on HA-3 logs, filter fabric was encountered in HA-1 and HA-2.

Infiltration Test
IT-1
Water Supp