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1.0 Executive Summary

A bioretention facility is an engineered stormwater facility that treats stormwater by passing it through
a specified soil media profile, and either retains or detains the treated stormwater for flow attenuation
(Ecology 2014). While the use of bioretention facilities in new development and redevelopment in the
Puget Sound region is increasing rapidly, little formal assessment of the hydrologic performance of
locally constructed facilities can be found in the scientific literature. As population grows and
developable area in the Puget Sound is increasingly scarce, and natural stream channels remain
vulnerable to stormwater runoff, evidence is needed that stormwater control measures efficiently use
the available space while achieving protection of local waters.

This Bioretention Hydrologic Performance (BHP) Study Phase Il follows the previous BHP Study Phase |
(Taylor et al., 2018). In that earlier study, ten bioretention facilities were also studied, but those facility
designs used an earlier version of the Western Washington Hydrology Model (WWHM) than the current
WWHM 2012 or used other models. Those previous models did not include the bioretention design
element presently available in WWHM 2012 (Clear Creek Solutions, 2016). The BHP Study Phase |
provided results from somewhat older facilities designed without the benefit of the new design
approach, but also from facilities that had been in operation for a wider range of years than the recently
constructed facilities studied under Phase .

The Phase Il study also included a number of retrofit facilities that provided a wider range of design
conditions. Retrofit facilities are allowed a greater degree of professional judgement in design under
the Stormwater Management Manual for Western Washington (SWMMWW) (Ecology 2014) and that
was reflected in these facilities.

With this in mind, the three main goals of the BHP Study Il were to:

1. Provide an overall assessment regarding how constructed bioretention facilities designed under
the WWHM 2012 model are performing on a range of sites throughout Puget Sound, including
retrofit designs.

2. From this assessment, identify major elements of the site designs and performance constraints
that can help inform the design, modeling, and permit review process for more efficient and
predictable facility performance.

3. Provide recommendations for engineers and jurisdiction reviewers to better model, design, and
review future bioretention facility designs.

To conduct this assessment, ten constructed bioretention cells (designed using WWHM 2012) were
selected from throughout the Puget Sound Basin. The design and construction assessment included:

e Review of original design documents and hydrologic model.

e Eight months of hydrologic monitoring of inflow, outflow, pooling, and groundwater elevations.
e Geotechnical and hydrogeologic sampling.

e Review of vegetation planting plans, installation, and assessment of plant survival.
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e Modeling of the site hydrology using WWHM 2012 to evaluate the performance of the model
and identify input variables and design features that affect hydrological performance.

Overall, the ten bioretention facilities assessed function adequately without unexpected shortcomings
resulting in under capacity or local flooding. In contrast to Phase | sites, a number of the Phase Il sites
did have some overflow. These sites reflected conditions related to either small (<5 percent)
bioretention-to-drainage area ratios, low overflow elevations, low native soil infiltration rates, or some
combination of these, and all actually included underdrains.

It is recognized that measurement of constructed elements, hydrogeologic conditions, vegetation,
dynamic inflows, and modeling of all these conditions can pose confounding interpretations. For greater
detail on each of these elements, the reader is directed to the data compiled in the appendices.
Photographs of each site are provided in the geotechnical reports in Appendices 3 through 12.

Notwithstanding this complexity, and the flexibility allowed in design of retrofit systems, the five
simplest but highly influential recommendations affecting the performance of these facilities are:

1. Maintain a bioretention top area (surface area at the overflow elevation) which is at least
5 percent of the area draining to it for facilities that are underdrained or have less than
100-percent infiltration.

2. Maintain a minimum 6-inch overflow riser height above the designed bioretention surface.

3. Maintain a minimum 18-inch bioretention soil mix (BSM) depth and meet Ecology (2014) media
particle size criteria.

4. Specify a planting plan of plantings that reflects the relatively dry and well-drained conditions of
bioretention facilities.

5. A checklist should be developed for Puget Sound region-wide use by both engineers and permit
reviewers that enables cross checking that infiltration rates and related model values are
consistent between the model, the TIR, and the plan sheets.

1.1 Summary of Findings

Representativeness of Sites Assessed

The project site selection process began in 2018 after WWHM 2012 had been in use for a number of
years. Twenty-five sites were identified that used the 2012 model version (Appendix 1). In contrast to
the sites selected in the BHP | study, the ten selected sites were all recently constructed, one just a few
months before monitoring began.

Over seventy bioretention cells across the 25 sites were evaluated through site visits in the field. After
affirming a site was designed using WWHM 2012, the decisive selection criterion was the feasibility of
monitoring flow at the cell inflow and outflow locations. As a result of the wide range of geographic
locations and site conditions, the selected projects represent a wide cross section of meteorological,
geomorphic, and hydrogeologic conditions, as well as drainage area ratios and included retrofit designs.
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A summary of the site selection process is presented in Appendix 1. Figure 1 provides a map of the
selected site locations. Table 1 provides a summary of site acronyms and locations corresponding to the
geographic locations in Figure 1.

Figure 1. Distribution of Bioretention Monitoring Site Locations.

Final December 22, 2020 Page 3



Bioretention Hydrologic Performance Study Phase Il

Table 1. Bioretention Hydrologic Performance Phase Il Site Names and Acronyms Used in the Study

Site Number Acronym Jurisdiction and Site Name
1 BCK Bellingham - Cornwall Avenue and Kentucky Street
2 BUW Bellingham - Utter and Washington Streets
3 FWI Fircrest - Wainwright Intermediate School
4 M1C Marysville - 1t and Cedar
5 M3Q Marysville - 3™ and Quinn
6 MPP Monroe - Park Place Middle School
7 RSH Renton - Sunset Community at Harrington Avenue
8 SSW Snohomish County - Salem Woods Elementary School
9 TBM Tumwater - Bush Middle School
10 TWH Tacoma - Wilson High School

One notable difference between the BHP Phase Il sites selected and those in BHP Phase | is the inclusion
of five retrofit facilities of the ten selected, whereas in the BHP Phase | study there were no retrofit
facilities. The significance of the retrofit facilities is they are not required to meet the same design
criteria as for new and redevelopment (Ecology, 2019, cf. 2014); for retrofits the recommended BMPs
“can be modified using best professional judgment to provide reasonable improvements in stormwater
management.”

Quality Assurance Project Plan

A Quality Assurance Project Plan (QAPP) was prepared for the BHP Phase Il project as was done for Phase .
New project information and any new QAPP procedures were updated in the QAPP (Appendix 2).

Design Conditions

Design dimensions and other information for each of the ten sites was collected from the original design
drawings and, when available, from hydraulic and geotechnical reports supporting the design. The
modeling approaches were evaluated to assess the original modeling approach (model version,
approach to modeling, etc.) to help ascertain whether design features and performance were consistent
with the modeling approach taken.

Constructed Dimensions and Infiltration Rates

Constructed cell dimensions were measured in the field and found to be generally as per project design
dimensions except for one significant element: three of the facilities (BCK, BUW, and TWH) had
substantially less bioretention “top area” (surface area at the overflow elevation) than the design model
and one had much more (MPP). The remaining six were generally similar. Table 2 presents the TIRs’
reported design bioretention area and the field measured bioretention area determined during the
flooding infiltration tests. Table 3 presents the reported design infiltration rate and the field-based
infiltration rates measured during controlled flooding infiltration tests. Other minor differences were
noted in the geotechnical assessment technical memoranda presented in Appendices 3 through 12.
Inflow volumes were assessed through the WWHM 2012 model developed for each site. Field
documentation of contributing areas was not conducted.
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Table 2. TIR Reported and Field Measured Bioretention Top Area for Each of the Studied Sites

TIR Reported Field Measured
Site Bioretention Top Area* (ft?) Bioretention Top Area (ft?)
BCK (r, u) 169 71
BUW (r, u) 211 38.5
FWI (u) 159 250
M1C (r) 130 132
M3Q (r) 200 200
MPP 684 1,320
RSH (r, u) 64 68
SSwW 1,170 1,022
TBM 294 366
TWH (u) 2,070 1,269

TIR = Technical Information Reports
*Top area is defined as bioretention surface area at riser height

ft2= square feet; (r) = retrofit; (u) = underdrained

Table 3. Comparison of Design and Measured Infiltration Rates

Design Model BSM Sizing Comparison:
and Native Subgrade Field
Infiltration Rates BSM and Native Infiltration Rate

(in/hr) Field Infiltration Divided by Design | Subgrade Geologic
Site (unmodified rates) Rate (in/hr) Infiltration Rate Unit

15 (BSM) 6.6 Fill over
BCK 12.3 (subgrade) ~0.01 to 0.001 0.0008 Glaciomarine Drift

12 (BSM) 300+ _ _ _
BUW 6 (subgrade) ~0.01 t0 0.001 0.002 Glaciomarine Drift

6 (BSM) 66 s
" 1.5 (subgrade) ~0.01 to 0.001 0.007 Glacial Till

6 (BSM) >subgrade
M1cC 2 (subgrade) 17 8.5 Outwash Sand

6 (BSM) >subgrade
M3Q 2 (subgrade) 15 7.5 Outwash Sand

2 (BSM) >subgrade '
MPP 4 (subgrade) 3 15 Alluvium

5 (BSM) 2
RoH 1.2 (subgrade) ~0.01 to 0.001 1.7 Outwash Sand

12 (BSM) >subgrade
SSwW 11.5(subgrade) 16 1.4 Outwash Sand

6 (BSM) >subgrade
TBM 0.9 (subgrade) 3 8.9 Outwash Sand

N/A (BSM) 11 —

T 1.5 (subgrade) ~0.01 to 0.001 0.007 Glacial Till

BSM = bioretention soil mix; in/hr = inches per hour; ~ = approximately; N/A = Not Applicable
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Following is a summary of findings for the various disciplines evaluated at each of the sites.

Site Desigh Modeling Review

e All facilities were designed using WWHM 2012 (except one); however, one design using WWHM
2012 failed to use the bioretention element to represent bioretention facilities in the model.
Others used the bioretention element but did not input the correct values that represent the
actual design conditions.

e Where any site facility surface area to drainage area ratio was smaller than recommended
(5 percent) the site did not meet performance standards.

e Using long-term county precipitation records and the SWMMWW-prescribed lower infiltration
rates for the entire bioretention performance lifespan (rather than what was actually measured
at the site), six of the facilities did not meet Minimum Requirement (MR) #5 (On-site
Stormwater Management) and four of the facilities did not meet MR #6 (Runoff Treatment).
(Note that the retrofit facilities were not required to meet MR5 or MR6.) It is recognized,
however, that the SWMMWW-prescribed infiltration design rates are intended to represent
infiltration near the end of the cell’s life cycle (i.e. expecting that the infiltration rate will
diminish over the life of the cell). As such, much of the performance of a facility’s life span will
still reflect the higher infiltration rates, thus potentially meeting these MRs for some period of
time.

Hydrologic Monitoring

e Eight months of continuous wet season monitoring was completed from November 2018 to
June 2019; however, these data were highly compromised by frequent freezing, snow
accumulation, and owner maintenance practices during the winter. Full records were collected
and delivered.

e Only three months of data—April 2019 through June 2019—was usable for comparison to
modeling results.

e Volumetric runoff at each site is variable even for apparently near 100 percent impervious
contributing areas. Measured continuous runoff records were overall considered less
dependable than the simulated, so simulated inflow rates based on the measured rainfall record
were used in the model evaluation. However, a regression of measured runoff volumes for a
range of storm events still often had good R? values.

e Ponding and well point responses for infiltrating sites (not underdrained) showed good
reflection of the BSM infiltration rates and subgrade conditions. Underdrained sites showed
rapid runoff of infiltrated waters, resulting in well point elevations reflecting underdrain
elevations.

e Evidence of water movement not captured in the modeling occurred through possible
subsurface leakage into subsurface utility trenches.

e At one site near a tidal shoreline, well point data had a clear tidal signal, but groundwater did
not affect measured infiltration rates.
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e Counterintuitively, four of the five underdrained facilities generated surface overflows, while
none of the non-underdrained facilities overflowed. These overflow conditions were ascribed to
small facilities or low set overflows.

Geotechnical and Hydrogeologic Findings

o The sites covered a wide range of geomorphic and hydrogeologic conditions.

e Bioretention soil texture was generally coarser than current guidelines, resulting in greater
infiltration rates than would be expected under the current media guidelines.

e A wide range of infiltration rates were measured, with infiltration rates for the bioretention
media greater than site design values used in all but two cases.

e Compaction of the bioretention soil was documented in three facilities and is interpreted to
have reduced the bioretention soil filtration rate in two underdrained facilities.

e Bark mulch floated and was redistributed during controlled infiltration testing and can be a
source of clogging if conveyed to a small-diameter orifice-controlled outlet.

e Bioretention without underdrains on outwash sites provides recharge to shallow aquifer
settings. Shallow aquifer levels remained below the facility base, and groundwater mounding
did not affect infiltration rates.

e Bioretention on low-permeability sites resulted in mounding on hydraulically restrictive layers.
The mounded water was collected by the underdrain, but overflows in four of the five
underdrained facilities still occurred.

Vegetation Findings

e Phase Il facilities studied were only very recently planted (within two years) so still showed
original plantings.

e Plantings generally followed the specified planting plans.

e Bioretention soils and native soils drain rapidly in most cases and hydrophytic plants appeared
not to survive well at one example site, even within two years of installation.

e Shrubs have higher survival rates than herbaceous vegetation and appear to reduce the need for
the maintenance of cells.

e laterally variable infiltration of inflows provided greater moisture to plants near the inflow
points, and less in more distant areas resulting in differential survival in some of the facilities.

Modeling Findings

e Viewing long-term graphical trends, the WWHM 2012 models reproduced the monitored
bioretention hydrologic performance data with accurate results.
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e An additional bioretention “limiting” surface leaf layer was utilized to best represent four of the
facilities. This suggested some surface infiltration was limiting in these facilities, while not
necessarily visually obvious.

e Simulated inflow records as opposed to field monitored were deemed adequate to represent
modeling of as-built conditions.

1.2 Recommendations for Improved Bioretention Designs and
Performance

The BHP Study Phase | report provided similar findings to this Phase Il study. The recommendations
from Phase | still apply, and the reader is referred to that study for relevant related information (Taylor
et al., 2018). The following recommendations are more specifically tied to the current Phase Il study.

Given the above findings, major recommendations intended for engineers, geologists, and landscape
architects, as well as stormwater site plan reviewers at local jurisdictions include:

Design Features

e Maintain large (>5 percent) bioretention top area to drainage basin ratios including field
confirmation of contributing areas.

e Maintain a minimum 6-inch riser height above the cell bottom elevation.

e  Maintain a minimum 18-inch BSM depth and meet Ecology (2014) media particle-size criteria.
e Conduct as-built surveys of inlets, overflows, contributing areas, and bioretention surface area.
e Conduct a field inflow test to confirm positive drainage into the cell inlets.

e Include a capped underdrain as a back-up discharge management option in jurisdictions that
encourage infiltration in soils that have low infiltration rates.

e Evaluate and incorporate in the design approach the effects of uneven infiltration (see same
issue regarding planting plans below).

e Provide careful review of the TIR, design plans, and models before permitting for construction.
This review should include contributing area calculations and reviewing the design model to
determine the appropriate minimum facility size as a percentage of drainage area and accurate
BSM filtration and native infiltration rates.

e Review retrofit facilities for limiting site conditions and the expected performance absent
meeting new development facility criteria.

Geotechnical and Hydrogeologic Recommendations

e Collect data specific to the facility location to understand shallow soil, geologic and groundwater
conditions affecting subsurface infiltration rates.
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e Use pilot infiltration testing at the facility location for estimating long-term design infiltration
rates.

e Consider potential for lateral subsurface flow, and the ultimate path of the infiltrated water, for
sites with low or spatially variable infiltration rates.

e Consider potential for utility corridor capture of infiltrated waters, particular in retrofit
applications.

e Provide testing of the bioretention soil media for consistency with the specifications provided in
the Ecology Manual, especially the #40, #100, and #200 grain-size fractions.

e Conduct geotechnical plan review of permit plans and during construction so that plans
adequately incorporate geotechnical recommendations (e.g. are bioretention cells located near
infiltration test locations or at different elevations; does the grading plan (improperly) remove
the permeable horizon?).

e Conduct observations during construction to observe whether the subsurface geologic and
groundwater conditions are consistent with the basis of design (e.g. if site design is based on
outwash soils being present, and subsurface conditions are consolidated glacial till, a design
change is required).

e Look for evidence of soil compaction. We speculate based on limited observations that soil
compaction impacts are more common for narrow facilities. Evidence for surface compaction
was exhibited in five of the ten facilities.

e Remediate compacted soil prior to acceptance. Soil compaction can occur during bioretention
soil placement, irrigation installation, placement of inlet protection, or energy dispersion
elevation, or from planting.

e Conduct a study of “aging” of facility infiltration rates over time, whether those rates are
decreasing, increasing, or staying the same.

Vegetation Recommendations

e Use shrubs as they tend to compete better with noxious weeds and therefore should be used
more frequently in units to reduce maintenance. Cells that were planted with only herbaceous
species, or where the woody plants had been heavily browsed by deer, tend to grow a greater
density of noxious weeds.

e Plant with a variety of shrubs and herbs. Herbaceous species tend to have poor survival rates in
bioretention cells compared to shrubs. Where large shrubs may be inappropriate due to limited
sight lines, consider using smaller shrubs such as Kelsey Dogwood (Cornus sericea ‘Kelseyi’) and
shinyleaf spirea (Spiraea betufolia var. lucida).

e Specify water-tolerant plants in bottom areas near the inflow, and fan out to more facultative,
facultative upland plants farther away from the inflow.

e Do not use plants that commonly occur in wetlands. Wetland soils are anaerobic, waterlogged,
and poorly draining; bioretention soil is very well draining. Wetland species that require
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constant water-logged soil will not grow well in bioretention cells and should be avoided (except
for Carex obnupta).

e Develop maintenance plans and contingency plans with the planting designs to allow adaptive
changes. Designers should follow up on the effectiveness of the design a year or two after
installation.

Modeling Recommendations

e Use a limiting “leaf litter layer” surface modeling layer in the model where non-wood mulch will
be applied.

e To help assess design for retrofit and new facilities, Ecology should conduct a sensitivity analysis
of the magnitude of effect of the variability of safety factor infiltration rates, contributing
drainage area, and use of regional rainfall records on facility performance on long-range ability
to meet MR #5 and MR #6.

e Double check the accuracy of the BSM and native soil infiltration rates input in the WWHM 2012
model and in the TIR for the site. Then reviewers should analyze results for compliance with
MR #5 and MR #6 before approving new development site design.

1.3 Acknowledgement to Project Sponsor, SAM Participants, and
Participating Jurisdiction Staff

This project has been a cooperative effort involving contributions from the Stormwater Action
Monitoring (SAM) staff, and the participating SAM jurisdictions who reviewed the original proposal
during the selection process. As the jurisdictional sponsor, the City of Olympia provided careful review
of all deliverables and budget monitoring, resulting in greatly improved products, and remaining within
the conditions of the Ecology contract. The SAM Coordinator and other Ecology technical staff likewise
provided responsive reviews of draft submittals.

Local jurisdictions provided substantial collaboration through nominating candidate bioretention study
sites and provided the background designs and reports needed to assess the multiple sites evaluated.
Over 70 individual bioretention cells were visited as part of the selection process, nominated by over
25 jurisdictions, with dozens of jurisdictions contacted.

Finally, discussions with participating design engineers provided insight to design details and supporting
documents for a greater understanding of the designs and constructed conditions.
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2.0 Introduction

While the storage and infiltration capability of bioretention facilities is generally acknowledged, little
data exists in the Puget Sound region to verify the hydrologic performance of these facilities, except now
with the results from the BHP Phase | (Taylor et al., 2018). Use of bioretention is widespread in the
Puget Sound region and is expected to increase in the region as a result of requirements of the National
Pollutant Discharge Elimination System (NPDES) municipal permits and the 2014 SWMMWW (Ecology,
2014). State and local governments want confidence that new bioretention facilities constructed under
the 2014 SWMMWW can be built to attain desired performance.

Meeting expected infiltration and overflow conditions from bioretention facilities ensures downstream
receiving waters are protected to the extent planned and the desired inflow volumes are filtered for
water quality treatment. The cumulative hydrologic benefit of bioretention facilities on receiving waters
will depend on the hydrologic performance of each of the individual facilities within a basin.

The hydrologic performance of bioretention facilities may also affect the survival, composition, and
health and maintenance of the facility vegetation, which may, in turn, have further impacts on
infiltration and longevity of the facility. Conducting a performance assessment of bioretention facilities
represents an adaptive management process to help ensure effective implementation of low impact
development (LID) facilities in the Puget Sound region.

The intent of this study was to:

1. Conduct an overall assessment regarding how ten constructed bioretention facilities designed
using WWHM 2012 are performing in sites throughout Puget Sound.

2. Use the detailed monitoring of each facility to identify major elements of the site designs and
performance constraints to assist in the design and modeling to produce efficient and
predictably performing facilities in the future.

3. Provide recommendations for design engineers and jurisdiction reviewers to better model,
design, and review future bioretention facilities.

The overall BHP Phase Il project involved an initial consideration of dozens of sites, site assessment of
25 candidate sites, discussions with local jurisdiction owners, design engineers, and maintenance staff;
and site-specific documentation of ten cells for dimensions and elevations, soil structure, infiltration
rate, vegetation conditions, modeling software, and measured hydrologic response of the facility. As
part of our study, each site was modeled by our project team using WWHM 2012. Post-construction site
conditions and eight-months’ worth of monitoring data were used to assess model parameter values
and new model elements (e.g., presence of a leaf litter layer) to provide insights to the model
performance itself and facility performance.

As a result of the comprehensive nature of the assessment, it should be noted that, in addition to
the physical measurements, hydrologic performance data, and modeling, insights and conclusions
were also drawn by using anecdotal observations gained from owners, engineers, and operators of
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the facilities, as well as the investigators’ own site-specific observations. While this study provided many
recommendations for improved design and performance of bioretention facilities, new research
qguestions emerged. These possible new questions were not evaluated here as the analyses would
require unavailable or uncollected data or are beyond the scope of this project.

The following discussions of each of the site monitoring and modeling disciplines are summaries of
the approaches and conclusions presented in the discipline technical memoranda provided in the
appendices.
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3.0 Site Selection and Study Design

The overall value in the use of bioretention (and other LID stormwater facilities) will depend on the
accuracy with which constructed facilities meet their hydrologic performance expectations. If facilities
do not infiltrate, retain, and release flows sufficiently, receiving waters will not be protected from
hydrologic impacts, or contact with BSM may not be adequate to provide water quality treatment.

Evaluation of bioretention performance from the BHP Phase Il projects provides new feedback to the
2014 SWMMWW modeling design process, and to engineers’ design approaches, to help optimize
designs for greater expected accuracy and resulting benefits.

3.1 Project Goals

The project goal was to compare actual hydrologic performance of constructed bioretention facilities
around the Puget Sound under a variety of storm conditions with the modeled performance from the
same facility using WWHM 2012. Results demonstrated the relative importance of site characteristics,
design, installation, maintenance, and modeling variables.

Communication goals for the project were to provide presentations and technical memoranda to the
Stormwater Work Group (SWG) and Ecology to elicit feedback on the project. These tasks were
completed during the course of the project. The final report was created to provide summary
information to professional stormwater managers and their staff throughout the region.

In addition to providing presentations to the SWG, a communication goal was to present results to local
jurisdiction designers, permit reviewers, and engineers, thereby more directly transfer the findings to
these staff and private sector engineers designing and reviewing bioretention facilities. These
presentations were organized through the regional permittees forums, including the North, Central, and
Southwest permittees forums, the Washington Stormwater Center, and the Washington Chapter of the
American Society of Civil Engineers.

3.2 Project Objectives

Specific objectives of the project included installing inflow and outflow monitoring instruments that
accurately and precisely measure stage at primary hydraulic devices which can then be translated by a
rating curve to flow. Stage (water depth) gages were installed for both surface ponding and subsurface
soil saturation. Rain gages were installed, or nearby gages used, to measure actual rainfall at the site of
the subject bioretention facility being monitored. Rainfall, stage, and flow were measured continuously
during the wet season to enable evaluation of the design model using the actual rainfall, runoff, ponding
depth, and facility flow-through conditions observed.
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The change in the model parameter values required to accurately reproduce the monitored data
revealed the accuracy of the model parameter values used in the original engineering design. The
comparison of the hydrologic results to the minimum requirements also revealed the degree to which
the results continued to meet or did not meet the hydrologic criteria of the 2014 SWMMWW.

Coincident with collecting stage and flow data and comparing the design model with a model based on
actual performance, the secondary objectives were to collect data characterizing the BSM, shallow
subgrade soils, infiltration rate, and vegetation community composition and density and maintenance
activity. These additional data were used in conjunction with the observed hydrologic performance to
support hypotheses regarding the possible mechanisms influencing the hydrologic results.

3.3 Site Selection Criteria and Selection Process

To initiate the facility selection process, a selection criteria matrix was developed to identify and prioritize
the project site elements as they affected the site’s potential selection. Candidate sites were identified
through discussions with interested local jurisdictions and some privately owned facilities. Each of the
candidate sites identified were assessed in the field for the selection criteria, and final selection based
largely on the ability of the inflows to be accurately measured. A complete description of the process is
provided in Appendix 1.

The names and project site acronyms for the ten sites are listed in Table 1. Sites will be referenced by site
acronym throughout the report. A map of the ten selected site locations is presented in Figure 1.
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4.0 Results and Discussion

The intent of the BHP Study was to compare original design plans for the expected dimensions,
geotechnical and hydrogeologic conditions, hydrology, and vegetation plans with the actual measured
conditions for all these disciplines.

The intent of this comparison was to identify major elements of the site designs and performance
constraints to help inform the design and modeling process for more efficient and predictable facility
performance.

With these design elements, we provide recommendations for engineers and jurisdiction reviewers to
better model, design, and review future bioretention facility designs.

The methods and materials used for each of the disciplines studied are presented in the appendices for
each of the disciplines addressed at all the sites in this study:

e Hydrologic Monitoring
e Geotechnical and Hydrogeology Assessment
e Vegetation Community
e Modeling Analysis of Observed Performance

A summary of the dimensional, geotechnical, hydrogeologic and modeled site conditions of the ten
cells selected for monitoring is presented in Table 4 and Table 5 below. See also Table 3 for direct
comparison of model and measured BSM filtration and native infiltration rates, and Table 2 for a
comparison of model versus constructed bioretention top areas.

4.1 Hydrologic Monitoring

Continuous hydrologic monitoring of the hydrologic cycle through each of the ten cells was conducted
for the period of October 2018 through mid-July 2019. The monitoring was conducted at 5-minute
intervals including the following hydrologic elements:

e Rainfall

e Inflow to the bioretention cell

e Ponding stage

e Subsurface or groundwater stage

e Overflow surface outlet

e Underdrain outlet (where available)

Water levels for the flow monitoring locations were measured relative to the invert of the compound
weirs installed in the inlet or outlet pipes and were also tied into a common local elevation. Water
levels in the surface ponding and subsurface wells were tied into the same common local elevation.
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Each of the rain gages and stage recording devices were downloaded on a monthly basis, and the
instruments recalibrated to their respective zero-point elevations. Appendix 13 provides a detailed
description of the methods, materials, and quality assurance/quality control (QA/QC) process for the
hydrologic data collection and review process.

The intent of this detailed hydrologic monitoring in the study was to provide multiple points of
information in the hydrologic response of the overall facility. This enabled cross comparison of the data
from each of the points with one another and later with the hydrologic model to confirm an
understanding of the overall hydrologic response of the system. With the careful QA/QC procedures
used during data collection and review of the data, these data provide the substantiated basis for
modeling and understanding of the overall performance of the facilities.

One of the findings (again as occurred in BHP Phase |) appears to be that the contributing areas of the
facilities in some cases may be different (either larger or smaller) than the originally designed
contributing area. The importance of this point is that the bioretention facility can perform only as
designed if the size of the contributing inflow area is correct. It is important to double check the inflow
area to ensure that model calculations and site design are accurate for the project site.

It also appears that site constraints may have affected the overall performance of some sites. Retrofits
along streets are often constrained in size, slope, and elevation by rights-of-way or the need to tie into
existing storm drain infrastructure. This led to one site with an inlet pipe that likely also discharged from
the facility at times and some overflow structures that were barely above the bottom elevation of the
facility. This made the sites difficult to monitor accurately but also likely indicate that the site constraints
limit the effectiveness of the facility. In this study, the four sites that experienced overflows were all in
fact underdrained; three of the four were retrofits installed in the road right-of-way or had till or low
elevation overflows.
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Table 4. Dimensional Constructed Conditions at Ten Monitored Bioretention Facilities

Type of From Drainage Report, Stormwater TIR, Clear Creek Solutions Modeled in WWHM
Facility and Civil Plans 2012
Drainage
Area
Design Model (pervious
BSM and Native and Top to
New or | Grading Plan Review | Design Infiltration impervious Top Area* Drainage
Site Retrofit (cut or fill) Rate (in/hr) [ac]) (ft?) Percentage
BCK
(installed Retrofit Cut, ~3 feet 15 (BSM) 0.27 71 0.6%
12.3 (subgrade)
2017)
BUW
(installed Retrofit Cut, ~3 feet 6 (152u(str';/:j)e) 0.93 38.5 0.1%
2016) &
FWI
6 (BSM
(installed New Cut, ~3 feet 15 (s(ub ra)de) 0.33 250 1.7%
2016) : g
M1C
6 (BSM
(installed Retrofit Cut, ~3 feet 5 (su(b ra<):le) 0.03 132 10.1%
2017) &
M3Q
(installed Retrofit Cut, less than 5 feet 6 (BSM) 0.02 200 23.0%
2 (subgrade)
2017)
MPP
(installed New Cut, 4 to 5 feet 4 éu(ESZLE) 0.48 1,320 6.3%
2017) &
RSH
5 (BSM
(installed Retrofit Cut, ~4 feet 12 (s(ub ra:de) 0.17 68 0.9%
2017) : &
SSW
12 (BSM
(installed New Cut, ~5 to 6 feet ( ) 0.40 1,022 5.9%
11.5(subgrade)
2018)
TBM
(installed New Cut, less than 3 feet 6 (BSM) 0.31 366 2.7%
0.9 (subgrade)
2016)
TWH
(installed New Cut, ~3 feet 1005 (BSM) 1.62 1,269 1.8%
2016) 1.5 (subgrade)

TIR = Technical Information Reports
WWHM = Western Washington Hydrology Model

BSM = bioretention soil mix

in/hr = inches per hour

ac = acres

*Top area is defined as bioretention surface area at riser height

ft2=square feet

~ = approximately

Note: BCK, BUW, and TWH had TIR/design report listed bioretention surface areas that were considerably larger than the field
measured bioretention top area for each facility (see Table 2).
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Table 5. Hydrogeologic Conditions at Ten Monitored Bioretention Facilities

Associated Earth Sciences, Inc. (AESI)

BHP Study
BHP Study Subgrade
BSM Field- Native Soil Surface
Based Field-Based Discharge
Geologic Infiltration Infiltration Expected
Site Unit Aquifer Rate (in/hr) Rate (in/hr) (Yes/No) Comments
Disconnect between design
Uncertain; geotech and WWHM
' BCK Glacio- perched interpreted to Yes (under- |nf|'ltrat|on rate.
(installed marine Drift (interflow) 6.6 be low and drained) Extra pipe not shown on
2017) complicated plans.
by utility fill Mounded portion of cell
base affecting ponding.
BUW . .
. Glacio- Perched Low Yes (under- Cell base area is sloped,
(installed . . . 300+ . N .
2016) marine Drift (interflow) ~0.01 to 0.001 drained) limiting ponding.
FWI
(installed Till Perched 66 Low Yes (under- No mulch present
2016) (interflow) ~0.01 to 0.001 drained) P '
M1C Tidal infl
. Recessional Shallow Higher than No (100% idal in ue_nce on
(installed . . . 17 - . groundwater did not affect
Outwash Regional native soil infiltration)
2017) cell performance.
M3 Shallow t
. Q Recessional afiowto Higher than No (100%
(installed Outwash deep native soil 15 infiltration)
2017) groundwater
MPP Field tested rate (3 in/hr)
. . Shallow Higher than No (100% much lower than design
(installed Alluvium . . . 3 - . - . .
2017) Regional native soil infiltration) infiltration rate testing
(12 and 75 in/hr).
RSH Uncertain; Includes underdrain orifice;
. . Perched interpreted to | Yes (under- Overflow grate set low,
(installed Recessional . 2 o . .
2017) (interflow) be limited by drained) near inlet, bypass of BSM
perching layer possible.
SSW . . S
(installed Recessional Shallow Higher than 16 No (100% Silty inflow observed from
2018) Outwash Regional native soil infiltration) nearby construction.
. TBM Recessional Shallow Higher than No (100%
(installed Outwash Regional native soil 8 infiltration)
2016)
(in-l;\tlgll-lled Till Perched 1 Low Yes (under- Extra inflowing pipe not
2016) (interflow) ~0.01 to 0.001 drained) shown on plans.

BHP = Bioretention Hydrologic Performance; BSM = bioretention soil mix; in/hr = inches per hour;
WWHM = Western Washington Hydrology Model; % = percent; ~ = approximately
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4.2 Geotechnical and Hydrogeologic Assessment

Data collected as part of the geotechnical and hydrogeologic assessments include key information on
the imported bioretention soil and the native subgrade soil and shallow groundwater. Controlled field
infiltration rate testing was conducted at each facility. Details are included in Appendices 3 through 12.

Hydrogeologic Setting and Infiltration Performance

The ten bioretention facilities cover a range of geologic settings: five facilities on glaciated upland
terrain, four facilities on outwash plains and terraces, and one facility in an alluvial plain.

The five facilities on glaciated uplands (BCK, BUW, FWI, RSH, and TWH) were each constructed with an
underdrain. Four were set in fine-grained till or glaciomarine drift sediments, and the majority of water
was interpreted as leaving the cells through the underdrain, except in BCK where uncontrolled fill
sediment is interpreted to be present and may be conveying infiltrated water from the cell. One facility
(RSH) was set in recessional outwash sands on a glaciated upland, with a shallow perching layer present
underneath the cell, limiting infiltration into the native sediments; most of the flow was observed to
leave the cell via the underdrain, consistent with the hydrologic monitoring and modeling results. Four
of these underdrained facilities overflowed during the course of hydrologic monitoring (all except FWI).

Of the four facilities on outwash plains or terraces (M1C, M3Q, SSW, and TBM), all were set in Vashon
recessional outwash sands, and three (M1C, SSW, and TBM) had shallow groundwater, while one (M3Q)
had moderately deep groundwater. All four of these facilities had measured infiltration rates into the
native subgrade which were higher than the design rate. None of these facilities were underdrained, and
none showed evidence of discharging water to an overflow.

One facility (MPP) was set in recent alluvium and had a field-based infiltration rate which was close to,
and higher than, the design infiltration rate. However, the infiltration rate was much lower than field
rates reported in the design documents.

We observe that infiltration facilities on fine-grained sediments such as glacial till and glaciomarine drift
behave more as dispersion best management practices (BMPs) rather than infiltration BMPs due to
lateral flow components.

Three of the facilities (BCK, RSH, and SSW) showed evidence of compaction from either the measured
BSM infiltration rate being lower than the BSM design specification rate or from observations and
gualitative soil probe data. This was unexpected for relatively recently constructed facilities.

Bioretention Soil

We tested mechanical grain-size distribution and percent organic matter by weight in accordance with
ASTM International (ASTM) D422 and D2974, respectively, on samples of BSM and native sediment from
each site. We also conducted a geotechnical T-probe survey of the facility base to qualitatively assess
soil thickness and compaction.

Organic matter content and grain-size data from laboratory testing data are presented in Appendices 3
through 12 for each bioretention facility and compared against the 2014 SWMMWW-recommended
specification for BSM. A summary of averaged organic matter and key grain-size testing results relative
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to the recommended specification is included in Table 6, below. Two samples were taken at each site.
None of these sampled bioretention soils met the recommended specifications. The age of the facilities
ranged from newly installed to two years at the time of sampling (Table 5). A graphical representation of
these results is presented in Figure 2.

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
water quality treatment assumptions and also can stress vegetation. Organic matter provides some
water quality treatment, increases the water holding capacity of the soil to aid plant growth, and
provides nutrients for plant growth.

Table 6. Averaged Organic Matter and Grain-Size Results Relative to Recommended Values

Bioretention Soil Characteristics* Coefficient Coefficient
of of

Average Average Grain Size, % Passing by Weight | Uniformity* | Curvature*

Site ID and 2014 % Organic
SWMMWW Matter #200 sieve | #100 sieve #40 sieve Cu Cc
Recommend

Range 5-8 2-5 4-10 25-40 4+ 1-3
BCK 5.5 5.9 6.7 26.0 4.6 0.9
BUW 6.7 1.9 2.9 14.9 4.3 1.0
FWI 5.7 5.3 8.5 28.6 7.0 1.0
M1C 5.9 3.9 8.5 47.3 3.1 1.1
M3Q 6.3 4.3 6.5 35.8 3.1 1.0
MPP 10.0 3.3 5.8 20.1 5.8 1.0
RSH 5.4 5.5 14 45.9 6.1 0.9
SSW 15.5 5.4 10.2 29.6 9.6 1.0
TBM 6.5 4.1 5.9 18.3 6.7 0.9
TWH 7.4 3 5 34 2.6 1.0

SWMMWW = Stormwater Management Manual for Western Washington

*Averaged values (2 samples per site); values which do not meet the recommended specifications are indicated
by gray shading.

% = percent

The bioretention soil was mostly within the recommended range for organic matter content. Two
outliers were the Monroe School District sites MPP and SSW, both of which had higher than
recommended organic content.

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. The #200 was within the
recommend range for five sites, and within 0.5 percent of range for four of the remaining five sites, with
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the exception of BCK, which had 0.9 percent more (5.9 percent) than the maximum recommended
percentage (5 percent) passing. The #100 for most sites was also within range, though site RSH
exceeded by 4 percent and BUW was low by 1.1 percent. The #40 sieve results were the most variable
with exceedances on both ends of the range for half the sites. Two sites missed on all three gradations:
Site RSH, which had a finer-grain size (higher percent passing) on the #200 #100 and #40, and BUW,
which has a coarser-grain size (lower percent passing) on the #200, #100, and #40.

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. Both Marysville sites, M1C and M3Q, had low Cu, less
well-graded, potentially a result of a same supplier source. All sites were at the low end of the Cc range,
near 1, consistent with the mostly sand fraction of the bioretention soil.

Figure 2 illustrates the bioretention soil gradation and Ecology’s recommend grain-size envelope.

The BSM infiltration rate exceeded the facility design rate in all cases except in BCK and RSH. In cell BCK,
this may be due to the higher than recommended percentage of bioretention soil passing the #200
sieve. In cell RSH, we noted some compaction of the bioretention soil during soil probing, which may
have limited the infiltration rate. Based on our qualitative assessment of compaction, we also observed
an area of compacted bioretention soil in cell SSW; however, the compacted area comprised only a
portion of the cell base and, although it may have reduced the infiltration rate in that portion of the cell
base, the overall infiltration rate remained higher than the design rate. We interpret that the
bioretention soil was generally in a loose condition in all other cells, and that excessive compaction did
not otherwise limit infiltration rates through the bioretention soil.
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Figure 2. Graphical Representation of the Grain-Size Composition of BSM Samples Collected at Each of
the Ten Facilities Studied. “BSM Specification” illustrates recommended gradation in the 2014

SWMMWW.
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4.3 Vegetation Monitoring

Many of the cells studied had been planted only in the past year or two. Drawing conclusions on the
overall health and survival of the plants is difficult since the plants have had limited time to establish
and adjust to the hydrologic conditions in the cells. Also, many of the cells we looked at contained only
herbaceous plant material, which makes it difficult to draw conclusions about woody material.
However, results from both Phase | and Phase Il were synthesized to help form some conclusions or
recommendations for planting bioretention units.

Plants were identified and measured in ten cells. The plants were categorized as either woody or
herbaceous and were further categorized by their need for water using the wetland indicator status
(WIS), a common approach among plant biologists. Bioretention facilities are, by definition, not
wetlands. This categorization allows us to characterize the apparent survival conditions experienced in
each of the facilities. Table 7 provides the distribution of the surviving shrubs and herbaceous plants
found in the ten facilities. Appendix 14 provides additional detail on the vegetation monitoring. In
addition, the plants found in the cells were compared to the approved planting plan.

Many of the planting plans for the bioretention facilities specified various species and varieties of red-
twig dogwood, including the dwarf variety, Kelsey. Red-twig dogwood is very versatile and tends to
have high survival rates in the cells. The exception is in areas where deer are present. We observed
red-twig dogwood that was heavily browsed by deer in one of the cells. Two of the cells specified
salmonberry in the planting schedule. Within one of those cells, no salmonberry was observed and in
the other cell twelve of the twenty (60 percent) salmonberry were tallied.

Only one cell in this study was growing the ornamental willow, dwarf arctic willow. In the first phase of
this study, many of the cells were growing dwarf arctic willow. The willow may not have been used as
extensively in this study due to its large size, but it does tend to have a high survival rate within
bioretention cells. Most of the shrubs observed have a WIS of facultative wet (FACW) or facultative
(FAC). Two evergreen huckleberries were installed in M3Q, accounting for the facultative up (FACU)
percentage. M3Q was installed the previous year (2018), so the huckleberries had only been through
one rainy season and may not survive long-term, depending on the future degree of inundation. Red
twig dogwood and shinyleaf spirea provided the greatest stem density within the cells.

Results from the BHP Phase | study indicated that shrubs tend to have higher survival than herbaceous
plants and are more adaptable to various hydrologic regimes. Frequently, bioretention cells are located
in areas that require unobstructed site lines, such as in school yards or along roads. The large, native
shrubs are often inappropriate for use in bioretention cells in these situations. The use of small or dwarf
shrubs provides adaptability of woody vegetation while maintaining required site lines.

The herbaceous vegetation in this study was more diverse than the previous study. A few of the cells
were planted only with native vegetation, but many were planted with a variety of ornamental and
native vegetation. Most of these cells were recently planted so it is difficult to draw long-term
conclusions from the cells and determine the success of the landscape plants. Slough sedge was the
dominant obligate (OBL) plant in 4 of the cells, and 4 cells contained no OBL plants. This is in line with
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the previous study. Slough sedge is one of the few OBL plants that will survive in bioretention cells. In
cells that were not irrigated, the slough sedge persisted near the inlet.

Cells M1C and BCK have the densest herbaceous vegetation communities. M1C is primarily an
herbaceous cell and BCK contained only herbaceous vegetation. M1C is planted with all ornamental
plants, such as Evercolor® Everillo sedge, Japanese iris, and bee balm. This cell has been installed for
only a year, but the ornamental plants are providing a decent percentage of basal cover. The vegetation
of cell BCK comprised primarily slough sedge and blue elk spreading rush. Both plants have provided
good basal coverage within the cell.

Three of the cells had less than 10 percent basal cover, which is low for cover. The low percentage of
cover in the cells is not caused by dense woody vegetation shading out the herbaceous vegetation. Site
SSW was planted in the fall of 2018 and the plants had not been through a full growing season since
the measurements were taken in late spring 2019. MPP has been planted for two years and was planted
with OBL wet herbaceous plants and some shrubs around inlets. The soil under this cell is considered
well-draining. Bioretention cells located on well-draining soils do not support OBL plants that typically
live in hydric waterlogged soils; the plants are surviving but not thriving in the cell. The FWI cell also had
low herbaceous cover. We did not observe any of the plants that were specified in the planting plan
growing in this cell. We did record slough sedge growing in the cell; however, the most prevalent plant
was thistle. Thistle, like other weedy plants, does not create a basal mass like slough sedge or rushes.
Weedy plants do provide basal cover, but not at high percentages.

Cells with underdrains drain rapidly, and in some large cells, the cell drains before water can spread
across the entire floor of the cell (TWH). If irrigation is not present in these cells, then a portion of the
plants get watered only from precipitation. Cells with underdrains, especially large cells with
underdrains, need to be planted with extremely adaptable plants that err on the side of having a WIS of
FACU or UPL.

Most herbaceous volunteer plants within bioretention cells have a WIS of FACU; however, most installed
herbaceous species have a WIS of FAC, FACW, or OBL. Bioretention cells should be installed with a
range of WIS plants. Herbaceous plants that require more water, such as FACW plants, or slough sedge
(the only OBL plant that has been successful in establishing in bioretention cells) should be located near
the inlet for the water and plants farther from the inlet should have a WIS of FAC or FACU.

Maintenance plans and contingency plans should be developed along with the planting designs to allow
adaptive changes. Designers should follow up on the effectiveness of the design a year or two after
installation.
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Table 7. Wetland Indicator Status Percent Distribution for Shrubs and Herbaceous Vegetation in the Ten Bioretention Facilities Studied

Percentage of Plants and Their Wetland Indicator Status (WIS) for the Surveyed Cells
Shrubs Herbaceous
Total Woody Total
Plants/ Stem Quadrats/
Density OBL FACW FAC FACU | UPL | Basal Cover OBL FACW FAC FACU UPL No Plants | Underdrain
BCK NA 17/27% 47%* 17.6% 35.2% 11.7% Yes
BUW 33/945 25.0% | 75.0% 31/19% 80.6% 22.6% 16.1 Yes
FWI 2/2 100% 44/5.5% 34%* 38% 70% 100% Yes
M1C 10/300 100.0% 33/24% 3.0% 100% % No
M3Q 7/62 71.4% | 9.0% | 28.5% 47/21% 34%* 23% 10% 15% No
MPP 14/14 100% 80/9.2% 69% 13.8% 3.8 8.8% No
RSH NA 21/25.5% 100% 4.5% 19% Yes
SSW 8/240 100.0% 192/6.0% 97.3% 12.6% No
TBM 9/9 100% 64/34.2% 37.5% 25% 100% 33% No
TWH NA 222/25.8% 43%* 9.0% 55% 32% 6.0% Yes

OBL = Obligate

FACW = Facultative Wet

FAC = Facultative

FACU = Facultative Upland

UPL = Upland

Quadrat = 25 centimeters (cm) x 25 cm portable frame used to estimate herbaceous cover
*OBL Community entirely or predominately composed of slough sedge (Carex obnupta)
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4.4 Hydrologic Modeling

Each of the sites were initially assessed for drainage area-related information for use in the WWHM
2012 model (Appendix 15). The field monitoring then provided information that was used to create a
WWHM 2012 model for each of the ten bioretention sites (Appendix 16). Dimensions of the
bioretention facility (surface area, maximum depth of ponding) and the outlet control structure(s) were
field-measured and compared with design drawings, if available. The elevation of the inlets, outlet riser,
or weir, and the top of the facility were surveyed. The underdrain elevation and outlet diameter were
also measured for the five sites that had an active underdrain.

The hydrologic monitoring data collection (previously discussed) provided observed/recorded time
series data for rainfall, inflow, overflow, groundwater, and ponding at 5-minute intervals for use in the
individual site models. The recorded inflow, overflow, groundwater, and ponding data were compared
with the WWHM 2012’s simulated inflow, overflow, groundwater, and ponding results. Due to snow
and/or freezing air temperature conditions, the model results comparisons were limited to the months
of April 2019 through June 2019. Graphical and statistical comparisons of the recorded and simulated
data were made for this time period.

The geotechnical data collection provided information about the BSM found at each of the ten
bioretention sites and the native soil infiltration rate, as measured onsite. Their general soil
characteristics, as they related to water movement, provided guidance in the selection of appropriate
engineered soil mixes for each of the ten bioretention sites. The native soil infiltration rate was also
used in the same way to determine the appropriate infiltration value to include in each model.

The vegetation data collection was not used directly in the input to the individual site models. However,
its potential impact on the hydrologic performance of each site was considered in terms of leaf litter
impact on ponding and water infiltrating into the top bioretention soil layer. Also, vegetation influences
evapotranspiration from the soil layer. WWHM 2012 assumes a standard evapotranspiration rate from
the soil that may actually be dependent on the type and amount of vegetation.

All of the above field data were used in one way or another in either the WWHM 2012 model input for
each of the ten bioretention sites or evaluating the model output. Table 8 summarizes the model input
data.

The hydrologic performance of the ten bioretention facilities was well represented by WWHM 2012.
The range in performance in terms of ponding depths and well point elevations met or exceeded the
expected WWHM 2012 model results comparison with the monitored data more often than not.

Appendix 16 provides a detailed discussion of the WWHM 2012 modeling results and comparison with
the monitored data.
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Table 8. Model Input Data

Bottom Top Area to Native Soil
Drainage Top Area Area Drainage Overflow Modeled Infiltration
Site Area (ac) (ft2) (ft2) Percentage | Height (ft) | Depth (ft) (in/hr) Underdrain
BCK 0.27 71 60 0.6% 0.05 3.8 0.5 Yes
BUW 0.93 38.5 38.5 0.1% 0.05 2.8 0.05 Yes
FWI 0.33 250 159 1.7% 1.0 2.45 0.05 Yes
M1C 0.03 132 132 10.1% 0.6 1.3 17 No
M3Q 0.02 200 200 23.0% 0.95 6.25 15 No
MPP 0.48 1320 684 6.3% 3.6 2.15(1) 3 No
RSH 0.17 68 64 0.9% 0.3 3.6 0.5 Yes
SSW 0.40 1022 735 5.9% 1.4 2.8(2) 16 No
TBM 0.31 366 280 2.7% 1.1 3.85 8 No
TWH 1.62 1269 1200 1.8% 0.12 4.1(2) 0.05 Yes

ac = acres
ft2 = square feet

ft=

feet

in/hr = inches per hour

(1)
(2)

The modeled depth includes 0.2 feet of surface leaf litter/mulch.
The modeled depth includes 0.1 feet of surface leaf litter/mulch.

In general, the WWHM 2012 models of the ten bioretention sites reproduced the monitored BHP data
with accurate results. Accurate results are defined as periods where the simulated results match closely
with the recorded (monitored) data and other periods where the simulated results are sometimes high
and sometimes low. There is no obvious bias high or low.

As in the Phase | study, it appears that there are two major model inputs that may be influencing the
results. The vegetative litter cover (and/or mulch) noted at MPP, SSW, and TWM may be reducing the
infiltration rate of the ponded water into the BSM. Except for these three sites, this vegetative litter
cover/mulch was not explicitly modeled.

The other major model input that may be influencing the results is the evapotranspiration (ET) from the
BSM. It is set in WWHM 2012 to equal 0.5*PET (Potential ET). There is evidence from the well point
data that the 0.5 multiplier factor should be higher. That will help to remove water faster from the BSM
layer.
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5.0 Summary Discussion

The BHP Phase Il study results and recommendations described here and in the appendices for
hydrology, geotechnical and infiltration, vegetation, and modeling characteristics of bioretention
facilities all show that the SWMMWW guidance and design process can be complex for designers and
reviewers alike (see Appendix 17). However, a number of the simplest parts of the design can improve
the likely performance of any one facility. Some of these recommendations are interrelated. For

example, potential overflows will be jointly related to the percentage of the bioretention top area to
drainage basin area, the proper depth of riser for a given facility, and the actual infiltration rate of the

BSM.

The four most important aspects of the findings are:

1.

Maintain a bioretention top area (surface area at the overflow elevation) which is at least
5 percent of the area draining to it for facilities that are underdrained or have less than
100-percent infiltration.

This general recommendation indirectly represents the areal hydraulic loading rate of the
contributing basin to the bioretention cell. As with any designed water or wastewater
treatment facility, the result of this ratio will represent the resulting depth of water flowing into
a facility and effects of that depth on the treatment processes in the facility. In the case of
bioretention, the resulting depth will reflect potential for overflows and areal loading of any
solids that may be transported into the cell and possible long-term clogging.

It is recognized that retrofit designs are often constrained in their available footprint. The
5-percent “rule of thumb” is a guideline; actual site settings may allow for lower or require
higher ratios. However, this recommendation provides additional emphasis to retrofit designers
to optimize bioretention footprints where possible.

We observed that soil compaction appeared to occur in the smaller, narrow retrofit cells. Soil
compaction can occur during bioretention soil placement, irrigation installation, placement of
inlet protection or energy dispersion elevation or from planting. Compaction along maintenance
paths or edges is more impactful on small facilities. A larger or rounded facility will mitigate for
edge or path compaction effects. Compaction in facilities with an already small infiltration area
ratio to drainage area will exacerbate the condition by reducing the infiltration rate.

Maintain a minimum 6-inch riser height above the designed bioretention surface.

The elevation of the overflow riser will represent the top area of the pool in the bioretention
facility at overflow. The significance of this elevation is it is directly tied to the anticipated
degree of infiltration volume (and therefore treatment volume as well) before overflow occurs.
An improperly low overflow elevation will allow bypassing of flows prior to the opportunity for
filtration through the BSM.
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Other contributing factors to the effect of the overflow elevation are properly graded side
slopes and longitudinal slope of the cell. If these slopes are steeper than as designed with the
same toe elevation as in the plan, a correctly placed riser elevation may still result in less top
area than designed, leading to a reduced loading rate as in 1 above.

3. Maintain a minimum 18-inch BSM depth and meet Ecology (2014) media particle size criteria.

The BSM soil depth criteria include a recommended gradation that is very important to the
resulting infiltration rate. The gradation controls the pore space available for infiltration and
relatively coarser mixes can result in greater than expected infiltration rates. Not meeting the
soil mix gradation was generally characteristic of both the BHP Phase | and Phase Il samples,
although less so in the more recently constructed Phase Il facilities.

Coarser BSM with higher infiltration rates contributes to horizontally uneven infiltration of
inflowing waters, resulting in inconsistency with the infiltration expectations and uneven
distribution of moisture available to the planted vegetation. This observation simply recognizes
the reasonable expectation that inflows to the facility will tend to infiltrate first near the inflow
point and will tend to do so until near-surface infiltration is saturated before surface flows
progress across the facility. This adds a complex second dimension to the conceptual model and
design plans regarding how bioretention facilities hydrologically perform.

4. Specify a planting plan of plantings that reflects the relatively dry and well-drained conditions of
bioretention facilities.

Planting plan success may be one of the most underrated aspects of bioretention design not
only for its contribution to hydrologic performance but also for the institutional acceptance of
bioretention as a green stormwater site design component.

Vegetation is recognized to affect the maintenance of soil porosity through root structure and
may facilitate pollutant removal. These benefits may add to the overall longevity of
performance in bioretention. Separately, the organizational acceptance of bioretention was
anecdotally recognized during our discussions with owners and engineers alike as partially
limited by the perceived vegetation cost and maintenance requirements for long-term operation
of the facilities.

Separately, selection of plant species was often skewed to more hydrophilic (even wetland) WIS
classifications, while the facilities themselves are well drained, do not maintain saturated soils,
and are often highly exposed to evaporative and extreme heat conditions—without shade and
exposed to wind and long periods of direct insolation. The horizontally uneven availability of
moisture across the facility may also result in differential survival in a given cell.

The resulting lack of survival from all these influences tends to result in shifts toward shrubs and
away from herbaceous species, while being invaded by weedy species providing less ground
cover and requiring more maintenance for aesthetic purposes. All these conditions provide
challenges to the long-term success of planting plans in bioretention facilities.
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5. A checklist should be developed for Puget Sound region-wide use by both engineers and permit
reviewers that enables cross checking that infiltration rates and related model values are
consistent between the model, the TIR, and the plan sheets.

Review of the data input to the ten design models showed inconsistencies in some cases
between the required BSM soils to be specified and the associated BSM filtration rates, or the
native soil infiltration rates input to the model versus those measured onsite.

The SWMMWW (2012) and the bioretention module guidelines call for use of SMMWW 12 BSM
soil mix with a filtration rate of 12 inches per hour. This rate is then modified by the K. safety
factor (2 or 4) that acts as a correction factor to account for an anticipated reduction in filtration
rates over the life of the facility. In addition, the actual measured field native infiltration rate by
the site design hydrogeologist provides a direct measure of the native infiltration and the value
entered in the model should reflect that measured.

Without these values entered correctly, the modeling of the facility using long-term rainfall
records will obviously provide erroneous results in evaluating compliance with MR #5 and
MR #6. A simplified checklist that helps both engineers and reviewers to confirm accurate data
entry prior to evaluating conformance with MR #5 and MR #6 will reduce model input errors
and assist in review and repeat modeling design efforts.
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Taylor Aquatic

Science and Policy

Technical
Memo

Andy Haub, Eric Christensen, City of Olympia

To: Brandi Lubliner, WDOE
From: William J. Taylor
Date: February 5, 2019

Bioretention Hydrologic Performance (BHP) Study II
Site Selection Process and List of Selected Sites
Re: Technical Memo — Deliverables 2.2 and 2.3 Combined

This memo provides a summary of the site selection process and results of the site evaluations
combined into one memo. As the selection process and recommended sites for selection are
connected, it made sense to combine these into one product.

Background

The BHP Study Il follows the BHP Study | (conducted with the City of Bellingham) and again
involved contacting Puget Sound Basin jurisdictions to identify “candidate” bioretention facilities
to be recommended for evaluation and possible selection in a set of ten facilities for performance
monitoring.

The difference in the BHP Il selection criteria from the first BHP Study was specifically to select
sites designed using the Western Washington Hydrology Model version 2012 (WWHM 2012).
The goal of this project is to evaluate the performance of the model, in addition to observe how
the bioretention facilities are performing in the field.

As before, the selected sites are being monitored for inflow and outflowing stormwater flows.
Site data is also being collected for groundwater and ponding levels, bioretention soil mix
composition and infiltration rate, subsurface soil conditions, and vegetation composition and
density as supporting information to evaluate the site performance.

Qutreach to Jurisdictions, and Candidate Sites Identified and Evaluated in the Field

Jurisdictions, and this time public school districts, selected for contact to nominate potential sites
came from four different sources:



1. Jurisdictions indicating interest in the BHP study from previous contact or during the
current SAM project selection process,

2. Public School Districts identified through the Office of Superintendent of Public
Instruction

3. Jurisdictions identified through the Ecology Water Quality Grant program as having
funded construction of a bioretention facility as part of their grant funded project, and

4. Jurisdictions that contacted the consultant team as a result of group emails from the
Stormwater Work Group, the APWA Stormwater Managers Committee, and from the
NPDES Stormwater Permit Coordinators forum.

Over thirty school districts and over 15 jurisdictions were contacted through direct telephone
contact with stormwater managers or associated engineers and water quality specialists to
discuss the BHP study, and their recommendations on possible candidate sites within their
jurisdiction.

Based on the initial criterion that candidate sites had to be designed using WWHM 2012, almost
thirty facilities were recommended for site evaluation. Site design plans (including planting
plans), technical information reports (TIRs) and modeling information was gathered for most of
these facilities. Twenty-five facilities were then identified for conducting a site visit for final
evaluation. Because most of the sites contained multiple cells each with their own conditions,
the site visits for these twenty-five facilities resulted in visual evaluation of approximately seventy
individual cells.

Site Field Evaluation

After receipt of design drawings, TIRs, and hydrologic modeling results, each consultant
discipline leader evaluated their background material before assessing each site in the field.
Information then assessed in the field related to each of the main disciplines for selection of the
sites:

¢ Assessment of inflow and outflow locations for flow monitoring feasibility

e Qualitative soil media composition and soil probe depths
In a different process from the previous BHP study, we did not conduct vegetation assessments
as all the sites were recently constructed, or were still unplanted as we were visiting the sites. It
was decided to conduct the vegetation assessment in the following spring to allow final planting
and an assessment of initial survival.

Site Selection Criteria

The same site selection criteria developed in the BHP | was used as a reference to review and
make note of many of the site design conditions and parameters for the candidate sites.
Attachment 1 also provides a list of monitoring, modeling, and geotechnical information for each
of the candidate sites.

As with the BHP | study, the accessibility of flow monitoring to attain accurate hydrologic results
was almost exclusively the deciding factor. The remaining criteria checklist items were
nonetheless useful as a checklist reminder of factors affecting site performance and additional
data collection needs.



Separate from the criteria checklist, we used the surficial geologic and jurisdictional
representation as guides to select sites that represented a wide range in geologic and
jurisdictional participation.

Final Sites Selected for Monitoring

The geographic distribution of the full set of 25 sites visited is presented in Figure 1, and the final
set of selected sites is listed in Table 1 below, and shown in Figure 2. Attachment 1 provides a
full list of the sites visited, selected, addresses and the associated jurisdiction contacts.

Table 1. The final set of sites selected under the BHP Il project.

Jurisdiction Project Name
Bellingham (BUW) Columbia WQ Improvements
Bellingham (BCK) Nevada — Kentucky Bike Boulevard
Marysville (M3Q) 1% and 3™ Street SW Retrofit
Marysville (M1C) 1% and 3™ Street SW Retrofit
Monroe S.D. (MPP) Park Place Middle School
Monroe S.D. (SSW) Salem Woods Elementary
Renton (RSH) Green Connections
Tacoma S.D. (FWI) Wainwright Intermediate
Tacoma S.D. (TWH) Wilson High School
Tumwater S.D. (TBM) Bush Middle School

Seasonal Schedule for Monitoring

The monitoring phase of the project has begun, with virtually all the sites were installed and
collecting continuous flow and rainfall data by October 15, 2018. The only exception was the
two Bellingham sites which were installed on 10/22/18; and at the Bellingham BUW site one of
the two inlet weirs was not installed until 11/6/18. The geotechnical site assessment work and
field infiltration testing was completed during October and November 2018.

As with the BHP | Study, we recommend extending the period of monitoring from the current
five months to eight months. The added value of observed groundwater conditions at many of
the sites added value to analysis of the spring groundwater transition season.

If you have any questions, please feel free call me or Doug Beyerlein.

Bill Taylor

Taylor Aquatic Science and Policy
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Attachment 1. List of candidate bioretention monitoring sites visited and assessed for selection as a site to be monitored during the BHP Il

study. Sites highlighted in yellow are selected for monitoring.

Jurisdiction Project Name Location Contact Name Contact Phone
Anacortes (AHS) Anacortes High School 1600 20th St, Anacortes Marty Yates 360-293-1228
Bellevue (BLP) Lewis Cr. Park Picnic Area Lewis Creek Park Kit Paulsen 425-452-4861

Bellingham (BUW)

Columbia WQ Improvements

Utter St. and Washington St.

Eli Mackiewicz

360-778-7955

Bellingham (BCK)

Nevada — Kentucky Bike Boulevard

Kentucky St. and Cornwall Avenue

Eli Mackiewicz

360-778-7955

Bellingham (BYS)

Yew St. SW Improvements

Yew St. between Texas and Alabama St.

Eli Mackiewicz

360-778-7955

Bellingham S.D.
(BHV)

Happy Valley Elementary

1041 24th St., Bellingham

Eli Mackiewicz

360-778-7955

Bethel S.D. (BSD)

Shining Mountain Elementary

21615 38th Ave E, Spanaway

David Wells

253-683-6085

Blaine S.D. (BHS)

Blaine High School

1055 H Street, Blaine

Alan Pomeroy

360-332-0738

Lynden S.D. (FES)

Fisher Elementary

501 14th St., Lynden

Patty Fairbanks

360-303-0927

Lynden S.D. (LMS)

Lynden New Middle School

8750 Line Rd., Lynden

Patty Fairbanks

360-303-0927

Marysville (M3Q)

1%t and 3" Street SW Retrofit

34 and Quinn St.

Adam Benton

360.363.8283

Marysville (M1C)

15t and 3" Street SW Retrofit

1%t and Cedar St.

Adam Benton

360-363-8283

Marysville (MVS)

Sonic Drive-In

3802 116th St NE

Adam Benton

360-363-8283

Mercer Island S.D.
(IMS)

Islander Middle School

7447 84th Ave SE, Mercer Island

Tony Kuhn

206-230-6339

Monroe S.D. (MPP)

Park Place Middle School

1408 W Main St., Monroe

Heidi Hansen

360.804.2677

Monroe S.D. (SSW)

Salem Woods Elementary

12802 Wagner Rd., Snohomish Co.

Heidi Hansen

360.804.2677

Renton (RSH) Green Connections Harrington at NE 8t St. Ron Straka 425-430-7248
Tacoma (HSB) Homestreet Bank 1501 S. Union Ave. Mieke Hoppin 253-573-2332
Tacoma (PLT) Prairie Line Trail S. Hood and Dock St. Mieke Hoppin 253-573-2332
Tacoma Proctor South Development N. 25 Street and N. Madison Street Mieke Hoppins 253-573-2332
Tacoma S.D. (MLE) Mary Lyon Elementary 101 E. 46™ St., Tacoma Mieke Hoppin 253-573-2332

Tacoma S.D. (FWI)

Wainright Intermediate

130 Alameda Ave., Fircrest

Michael Knaack

253-571-3316

Tacoma S.D. (TWH)

Wilson High School

1202 N Orchard St., Tacoma

Michael Knaack

253-571-3316

Tumwater S.D.
(TBM)

Bush Middle School

2120 83rd Ave SW, Tumwater

Tanya Baker

360-709-7009

Tumwater S.D.(TWS)

Tumwater Middle School

6335 Littlerock Rd SW, Tumwater

Tanya Baker

360-709-7009




Site Information for Monitoring Assessment

11

12

13

14

15
16

17

18

19

20

21

22

23
24
25

Can inflow be

monitored with

Label |Jurisdiction Site Site Visit Date
3rd Street LID and
Roadway
improvement

M3Q [Marysville Project 4/30/18, 5/1/18
Marysville 1st

M1C |Marysville Street LID 4/30/18, 5/1/18

MVS |Marysville Sonic Drive-In 4/30/18, 5/1/18

WHS |Tacoma Wilson High School 4/30/18

HSB |Tacoma Homestreet Bank 4/30/18

PRS |Tacoma Proctor South 4/30/18
Mary Lyon

MLE |Tacoma Elementary School 7/31/2018

PLT |Tacoma Prarie Line Trail 4/30/18
Happy Valley

BHV |Bellingham SD Elementary School 7/20/19
Anacortes High

AHS |Anacortes School 10/1/18
Fisher Elementary

FES |Lynden School 7/20/2018
Lynden New Middle

LMS |Lynden School 7/20/2018

BCK |Bellingham Cornwall Kentucky 7/20/2018
Islander Middle

IMS  |Mercer Island School 8/15/2018

BYS |Bellingham Yew St 7/20/2018

BHS |Blaine Blaine High School 7/20/2018
Tumwater Middle

Tumwater School 7/31/2018

George
Washington Bush

TBM |Tumwater Middle School 7/31/2018
Park Place Middle

MPP |Monroe SD School 7/31/2018
Salem Woods

SSW |[Monroe SD Elementary School 7/31/18

BLP |Bellevue Lewis Creek Park 8/15/2018
Wainwright

FW| |Tacoma SD Intermediate 8/15/2018
Shining Mountain

BSD |Bethel SD ES 8/15/2018
Utter and

BUW |Bellingham Washington 9/28/2018
Sunset

RSH |Renton Harrington 9/28/2018

1 inlet and 1 outlet both with easy weir
installs or curb cut modification

Only 1 inlet from curb, can't monitor
outlet flow excpet via morning glory weir
if riser overtops. Can't monitor sidewalk
inputs but they are likely very small

Received plan set only. Seasonal high

2 inlets and 1 outlet pipe

could be monitored but lots of inputs
Outlet comingled, owner status

Construction not finished at time of

Constuction not finished at time of study

Complcated stone weir walls and other

Too many inlets and comingled outflow,
other cell lined, parking lot too many

Constuction not finished at time of study

Lots of inlets, would need to monitor 1
and model 16, otherwise good

Can't monitor inflow as it is all sheet flow
but very clearly defined drainage area
likely best case for modeling inflow

2 inlets, 1 outlet. 1 inlet subject to some

Multiple buried inlets with inverts below

Adjacent to permeable pavement
sidewalk, likely recieves flow from
sidewalk base-course. Too many ins

All sites either comingled outlfow or
sheet flow to gravel to grass strip inflow

Small cell in back with 1 inlet is good

Cell 6 has 1 inlet, no outlet, Cells 5 and
7 also considered but more complicated
and more visible accessible for potential

Cell 2, 1 inlet, outlet is high overflow

2 cells. One has sheet flow from
pervious & basecourse. Second has
overflow from 1st plus 2 curb cuts from
pervious. Inflow may be low.

Cell 4 with two inlets selected. Cell 1
underlain by utility. Cell 2 has some
minor inflow from sheet flow. Cell 3
extends to include a narrow, vegetated
ditch (part of bioretention cell?)

Primarily sheet flow.
Combined with piped inflow and outflow

2 inlets 1 outlet, inlets are low but

2 inlets, unique underdrain with orifice

simple
Can inflow be  modifications;
easily 1=Yes; 0=No Overall
monitored; 1 = or Not monitoring
Yes; 0=No applicable rating Comments
0 1
0 1
GW depth ~5ft.
1 1 owner said no
Underdrained
1 1
Underdrained
1 0 Tier 2 unknown
unk unk study
unk unk
0 0 confusion
0 0 linked cells
unk unk
0 0 Tier 2
0 0 Tier 2
1 1 backwater
0 0 Tier 2 BSM level in cell
0 0 and Outs
1 0 Owner said no
1 0
1 1 candidate
1 1 vandalism
1 1
0 1
0 1
0 0 Tier 2
0 1 should work
0 1 flow control, outlet




Site Information for Modeling Assessment

10

11

12

13

14

15
16

17

18
19

20
21

22

23

24
25

Under- Overfl (BSM Subgrade Design
Label [Jurisdiction Site Site Visit Date sSwbM sSwMm drains [Liner [ow Rate |BSMb |[BSM n (Rate TIR Civil
3rd Street LID and
Roadway
improvement
M3Q |Marysville Project 4/30/18, 5/1/18| Ecology 2014 [ WWHM 2012 no No[ Yes 1.5 2 Gray and Osborne, Inc
M1C |Marysville Marysville 1st Street 4/30/18, 5/1/18| Ecology 2014 | WWHM 2012 no no| Yes 1.5 2 Gray and Osborne, Inc
MVS [Marysville Sonic Drive-In 4/30/18, 5/1/18 WWHM 2012 Yes No Yes 1.5 3.1
Tacoma
TWH |Tacoma Wilson High School 4/30/18| SWMM 2012 | WWHM 2012 |  Yes No| Yes 1.5 0.4[1.5 Sitts & Hill Engineers, Oct 2014
Tacoma
HSB |[Tacoma Homestreet Bank 4/30/18] SWMM 2016 | WWHM 2012 Yes No Yes 12 >1.5 PACE, Oct 17, 2016
Tacoma
PRS |Tacoma Proctor South 4/30/18] SWMM 2016 | WWHM 2012 Yes No Yes 1.5 BCRA, Oct 2016
Mary Lyon
MLE |Tacoma Elementary School 7/31/2018 WWHM 2012 AHBL, Oct 2017
PLT [Tacoma Prarie Line Trail 4/30/18 WWHM 2012 BCRA, June 2016
Happy Valley NE cell
BHV [Bellingham SD  |Elementary School 7/20/19 WWHM 2012 yes| is lined Freeland & Associates, May 2015
Anacortes High
AHS |Anacortes School 10/1/18 WWHM 2012
Fisher Elementary Ecology 2005,
FES [Lynden School 7/20/2018 2014 WWHM 2012 no no 3 271 Freeland and Associates
Lynden New Middle Ecology 2005,
LMS [Lynden School 7/20/2018 2014 WWHM 2012 no no 3 14.73 Freeland and Associates
3 cells with 3
Ecology 2005, different design
BCK [Bellingham Cornwall Kentucky 7/20/2018 2014 WWHM 2012 yes| no yes| 15 15 rates City of Bellingham Public Works
Islander Middle
IMS |Mercer Island School 8/15/2018 WWHM 2012 yes no yes LPD
BYS [Bellingham Yew St 7/20/2018 WWHM 2012
BHS |[Blaine Blaine High School 7/20/2018 WWHM 2012 yes Freeland and Associates
No -
but
design
include
sa
WWHM 2012,| rock- 6 biocells: Bio cell 2
Tumwater modeled not filled and 5 have the
DDECM 2010 using trench highest % imp; bio
Tumwater Middle and Ecology | bioretention | beneat cell 2: 1.7 iph; Bio
TWS |[Tumwater School 7/31/2018 2005 settings h BSM 3 1.5 cell 5: 2.0 iph BCRA
Tumwater
DDECM 2010
George Washington and Ecology
TBM |Tumwater Bush Middle School 7/31/2018 2005 WWHM 2012 No No No 1.5 0.9 BCRA
Park Place Middle Ecology 2005,
MPP [Monroe SD School 7/31/2018 2014 WWHM 2012 No No No 2 1.5 Harmsen
Snohomish
County
Salem Woods Drainage
SSW |Monroe SD Elementary School 7/31/2018| Manual 2016 | WWHM 2012 No No No 15 15 Harmsen
BLP |[Bellevue Lewis Creek Park 8/15/2018 Yes|r Fabric SvR Design
Wainwright
FWI |Tacoma SD Intermediate 8/15/2018| Ecology 2014 | WWHM 2012 Yes No Yes 15 1.5 AHBL
Shining Mountain
BSD |Bethel SD ES 8/15/2018 no yes
Bellingham
Columbia
BUW |Bellingham Neighborhood 9/28/2018|Ecology 2014 | WWHM2012 |Yes No Yes 12 1.75 0 PSE
RSH [Renton Renton 9/28/2018|Ecology 2014 WWHM4  |Yes No Yes 5 1.5 1.2 CH2MHILL
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Estimated
Explor |Inf Test [Hydr [BSM rate < |Constructi
Label [Jurisdiction Site Site Visit Date Geotech |CF Geology [ations [Type ogeo |Native iph |on Comments
3rd Street LID and Rec. OW
Roadway (per
improvement regional Shallow groundwater, less than 10 feet.
M3Q |Marysville Project 4/30/18, 5/1/18|PanGEO NA[ mapping) EB| grain size|A1 no 2017
Rec. OW
(per Shallow groundwater, less than 5 feet,
regional tidal influence
M1C [Marysville Marysville 1st Street 4/30/18, 5/1/18|PanGEO NA| mapping) EB| grain size|A1 no 2017
Rec. OW Infil. test
(per indicated
regional on plan Received plan set only. Seasonal high
MVS [Marysville Sonic Drive-In 4/30/18, 5/1/18|Unk unk| mapping) unk sheetlunk [unk 2017|GW depth ~5ft.
AESI
2000,
2004, Till/Adv. Underdrained. 2 inlets, only one shown
TWH (Tacoma Wilson High School 4/30/18(2014 None OW| EB, EP None(B2 no 2016]on plans.
Zipper None,
Geo "not None,
Associate |suitable "not
HSB |Tacoma Homestreet Bank 4/30/18(s, LLS. " Fill/Till EB| suitable"|B2 no 2017|Underdrained
GeoReso
urces
4/21/2016
(reference Not yet constructed at time of study.
d, not Geotech report not included in PDF
PRS |[Tacoma Proctor South 4/30/18| attached) unk Fill/Till unk unk|B2 no NA|attachments.
Mary Lyon GeoEngin Rec.
MLE [Tacoma Elementary School 7/31/2018|eers, Inc. 0.45]  OW?/Till EB PIT|B2 no NA|Not yet constructed at time of study.
PLT [Tacoma Prarie Line Trail 4/30/18|unk unk unk| unk unkfunk [unk 2017|Geotech report not included.
No - zero
field rate in
till; did not
Happy Valley Till over| test the Not suitable for flow monitoring; shallow
BHV [Bellingham SD Elementary School 7/20/19|Geotest NA| outwash| EB, EP PIT|B2 advance 2016|ground water - one cell lined.
Anacortes High
AHS |Anacortes School 10/1/18 AESI NA| hard silt| EB none|EX NA|Not yet constructed at time of study.
City conditioned the project to conduct
PIT at the time of construction; no
Rec documentation of test received. GW
Fisher Elementary outwash ATD 19 to 20' bgs; mottled at 1.5, 4.5 to
FES [Lynden School 7/20/2018|Geotest 0.252 (Sumas)| EB, EP] grain size|A1/A2|Yes 2018]5.5, not interpreted as gw per geotech.
Rec!
Lynden New Middle outwash
LMS [Lynden School 7/20/2018|Geotest 0.252| (Sumas)| EB, EP| grain size|A1/A2|Yes 2018|GW ATD 13 to 18' bgs; mottled at 10.5'.
2 cells in
GMD - no; 1
B'ham drift cell in fill - Cells "field fit", may differ from plans.
BCK |Bellingham Cornwall Kentucky 7/20/2018|MTC 0.18 and Fill HA| grain size|[EX  |possibly 2017|Overflow/underdrain present.
Qpvn at biocell #3, gw at ~10' in EB-7
ATD near Biocell #3; an MW was
pre- installed in the parking lot area. One
Islander Middle Vashon inlet not field located, may join other inlet
IMS  |Mercer Island School 8/15/2018|AESI NA| nonglacial EB none(F No 2016|(but plans show separate).
Adjacent to permeable pavement
sidewalk, likely recieves flow from
sidewalk base-course. No geotech
BYS [Bellingham Yew St 7/20/2018|unk unk fill unk unkfunk [unk 2016|report received.
Facility may not be complete - may be
waiting on landscapers. Recieved plan
BHS |[Blaine Blaine High School 7/20/2018|unk unk unk unk unk|unk |unk 2018|sheet only.
EB, Groundwater 10' bgs at time of report,
HA, monitoring ongoing. Groundwater TM
Tumwater Middle not direct calculated adjusted rates based on 1999
TWS |Tumwater School 7/31/2018|Landau stated]| Rec. OW| push| grain size|A1 No 2016|groundwater condition.
George Washington not shallow groundwater; high groundwater
TBM |Tumwater Bush Middle School 7/31/2018|Landau stated| Rec. OW EB| grain size|A1 No 2016|hazard area
Park Place Middle EP, IT, 2017 and|Two phases of construction - 1st set of
MPP [Monroe SD School 7/31/2018|AESI 0.4] Alluvium EB PIT|D1 No 2018|cell was 2017, second set was 2018
Salem Woods EP, IT, Only one inlet appears to be present,
SSW |Monroe SD Elementary School 7/31/2018|AESI 0.315| Rec. OW EB PIT|A1 no 2018|plans show two
BLP [Bellevue Lewis Creek Park 8/15/2018|unk unk unk unk unk|unk |unk 2017|Received plan sets only.
Cell 1 underlain by utility. Cell 2 has
some minor inflow from sheet flow. Cell
3 and 4 have infllow from 2 curb cuts
each. Cell 3 extends to include a narrow,
Wainwright .45, Rec. OW,, vegetated ditch (part of bioretention
FWI [Tacoma SD Intermediate 8/15/2018|AESI .045 till EP PIT|A2 no 2016|cell?)
Shining Mountain
BSD [Bethel SD ES 8/15/2018|unk unk unk unk unk|unk [unk 2012-2013|{No documents received.
Bellingham Fill, GMD
Columbia Element [not and grain
BUW [Bellingham Neighborhood 9/28/2018|solutions  [stated |outwash |EB, EP [size, PIT |E2 no 2016|Underdrained.
8 (or
RSH [Renton Renton 9/28/2018(CH2MHILL0.125) |[fill/ rec OW (EB, EP |PIT A3 no 2017|Underdrained, through orifice.
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2.0 Abstract

While the storage and infiltration capability of bioretention facilities is generally acknowledged,
little data exists to verify the hydrologic performance of these facilities. Use of bioretention is
widespread in the Puget Sound region and expected to increase as a result of requirements of the
NPDES municipal permits. State and local governments are eager to evaluate and ensure that
new bioretention facilities constructed under the Washington Department of Ecology’s (Ecology)
Stormwater Management Manual for Western Washington (SWMMWW; Ecology 2014) can be
built to attain desired performance.

This study is the second of two related studies. The first Bioretention Hydrologic Performance
(BHP) Study was a similar study of bioretention facilities designed using the design approaches in
effect prior to the Ecology (2014) manual. The current BHP Study II is intended to document the
hydrologic performance of bioretention facilities designed using the Western Washington
Hydrology Model (WWHM) version 2012.

The result of the current study is intended to not only to show the apparent hydrologic
performance of the facilities themselves, but the performance of the WWHM 2012 model in
predicting the performance of the facility. Reasons for observed performance discrepancies will
be identified to provide feedback on design, construction, maintenance, and/or modeling of
bioretention facilities to attain desired performance.

Meeting expected infiltration and overflow conditions from bioretention facilities ensures
downstream flows and groundwater receiving water are protected to the extent planned, and
ensures water quality treatment is met for the desired treatment volume of runoff events to both
streams and groundwater. Saturation levels and durations resulting from the actual performance
in bioretention facilities may also affect survival, composition, and health and maintenance of
the facility vegetation, which may, in turn, have further impacts on infiltration performance.
Conducting a performance assessment of bioretention facilities as part of the “adaptive
management” process is essential to ensuring implementation of effective low impact
development (LID) facilities in the Puget Sound region.

The approach of the current research project is to conduct inflow and outflow hydrologic
monitoring at ten qualifying bioretention facilities selected throughout the Puget Sound region.
Geotechnical and hydrogeologic analyses of bioretention soil mix and native soil, ground water
level monitoring, infiltration testing and vegetation monitoring will also be conducted. The flow
monitoring and site conditions results will then be compared with the hydrologic design model
predictions developed based on the design of the facility. Regional application of the project will
come from the selection of facilities for study from a wide range of conditions around the Puget
Sound region.

Based on the range of selected facilities (Appendix A), lessons drawn from the study will inform
our understanding of the suitability of these LID BMPs across a range of soil conditions and
micro-climates. We will learn site-specific scale lessons regarding design, construction,
maintenance, and modelling of bioretention facilities. The final report will provide a qualitative
analysis on the larger set of facilities that were assessed for monitoring in the study. If
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appropriate, the final report may also include recommendations for improvements to the
WWHM 2012 bioretention modeling algorithms to better and more accurately represent
observed actual field conditions.
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3.0 Background

The goal of this study is to implement a regional bioretention infiltration effectiveness study as
part of the Stormwater Action Monitoring (SAM) program. Funding for this current project
comes from the SAM which is a collection of Western Washington Stormwater Municipal
Permittees. Prior lead-up work to this project, funded by Ecology, included a literature review
and summary of low impact development performance, which includes a summary of findings on
the hydrologic performance of bioretention facilities (Taylor and Cardno TEC, 2013) and the
results of the first BHP study.

Findings from the Taylor and Cardno TEC (2013) report state:

“The literature review indicates substantial flow volume reduction and water quality
improvements result from the use of LID technologies. Site specific volume reductions on the
order of 50 to 90 percent are common for each of these technologies, with bioretention facilities
appearing to show the highest degree of volume reduction, followed by permeable pavement and
green roof facilities. Peak flow reduction and increased lag times coincidentally result from LID
volume reduction. The critical design element to the ultimate volume reduction for any of these
facilities is the design storage volume relative to the inflow volumes. Success of LID
implementation will then depend on accurate sizing that takes site specific conditions into
account.”

The report also recommends that the most important effectiveness study to be carried out should
be to document “the accuracy of sizing of LID designs for volumetric performance relevant to
the Puget Sound region, including local exfiltration conditions unique to the region.”

Prior to the SWMMWW (2012), the previous SWMMWW (2005) and the associated WWHM 3
did not include a module for modeling bioretention facilities. Since its inception in 2012, the
newer model has been implemented and trainings provided for its use. The current study design
then is intended to conduct performance studies that would indicate the accuracy of constructed
bioretention facility performance relative to their design performance expectations based in the
WWHM 2012 model, again for a geographically wide range of locations and conditions.

In addition to evaluation of the hydrologic model, the monitoring of flow through the facilities,
in the shallow ground water, and the performance of the vegetation plantings will again provide
performance monitoring to inform engineers

3.1 Study area and surroundings

Ten bioretention facilities have been recommended for monitoring and analysis compared to
their designs. These facilities were selected from a range of approximately 25 projects
containing approximately seventy different facilities from throughout the Puget Sound region
(see Appendix A for a summary of the site selection process, and the sites selected). All seventy
facilities were evaluated in the field, and using supporting design drawings, hydrologic modeling
parameters, geotechnical reports, and technical information reports (TIRs) when available. The
set of overall bioretention facilities selected represent facilities from Bellingham to Tumwater
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within the Puget Sound Basin. Corresponding to this geographic range, the selected facilities
represent a wide range in surficial geology, rainfall, and contributing drainage areas.

3.2 Logistical problems

As with most environmental monitoring, the logistical problems anticipated for the project are
related to operation of flow monitoring equipment under adverse weather and flow conditions,
and exposure to public access with the threat of vandalism or accident. Typical logistical
problems will be retrofitting problematic inflow and outflow hydraulic infrastructure to allow
accurate measurement of stage and flow. Setup and downloading of electronic equipment will
require access to the equipment immediately before and after predicted large storm events to
ensure accurate and complete collection of data. The sites will be located in public areas,
predominantly at roadways, parking lots, and driving lanes in public facilities.

Solutions to the logistical challenges will be through the use of innovation and protection of
equipment based on the experience of the monitoring practitioners on the project team. This
experience includes aptitude in constructing customized retrofit devices to focus flows for more
accurate measurement, and the use of protective encasements where feasible. Temporary
removal and redeployment may be used in some cases.

3.3 History of study area

Population growth and the coincident development of impervious stormwater draining surfaces
has been significantly spreading throughout the Puget Sound region since the beginning of
European settlement. The hydrologic impacts of stormwater runoff on receiving waters has been
well documented for almost three decades. These include principally the increase in peak flows
and volumes being discharged to receiving water stream channels resulting in sediment delivery
to streams, stream channel incision, reduction in base flows, reduction in instream fish habitat
diversity, and reduction in biotic complexity.

The response for improved control of these impacts is largely centered in the use of stormwater
permits and the SWMMWW (Ecology 2014). The manual provides minimum requirements for
new and redeveloped stormwater management systems that rely heavily on the use of
bioretention. Taylor and Cardno TEC (2013) provide an extensive summary of literature
findings on the hydrologic performance of bioretention, including some projects monitored in
the Puget Sound region.

3.4 Contaminants of concern

Not applicable. No water sampling for pollutants or other water constituents will be conducted
as part of the current study.
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3.5 Results of previous studies

Taylor and Cardno TEC (2013) provide an extensive summary of literature findings on the
hydrologic performance of bioretention, including some projects monitored in the Puget Sound
region. The primary conclusions relevant to bioretention were that:

“Available volumetric storage (abstraction volume), together with the selected design storm
duration - return interval, appears to be the key design element that will determine volumetric
reduction performance of individual facilities. Water quality performance will largely follow this
volumetric reduction sizing.”

And,

“Knowledge of site specific local subsurface exfiltration rates and groundwater levels, appears to
be a key to successful programmatic design of LIDs. Volume reduction in LIDs is largely seen
for small to medium storms, but increasingly less so for larger storms.”

The subject of this investigation is whether the designed volumetric storage and expected
exfiltration conditions are attained in constructed bioretention facilities.

3.6 Regulatory criteria or standards

State regulatory standards for performance of bioretention facilities reside in the minimum
requirements of the SWMMWW (2014 and previous versions).

The 2012 Ecology stormwater manual includes three minimum requirements for which
bioretention facilities can be used, and actual performance of the facilities in meeting these
requirements will be assessed. These minimum requirements are:

Minimum Requirement (MR) #5: Low Impact Development (LID) Performance Standard. This
is a flow duration standard where developed mitigated flows cannot exceed predevelopment
flows for the range of flows between 8% of the 2-year peak flow and 50% of the 2-year peak
flow.

Minimum Requirement #6: Water Quality Treatment Performance Standard. This is a volume
standard where at least 91% of the total developed mitigated runoff volume must be treated in a
water quality treatment facility.

Minimum Requirement #7: Stream Protection Flow Control Performance Standard. This is a
flow duration standard where developed mitigated flows cannot exceed predevelopment flows
for the range of flows between 50% of the 2-year peak flow and the full 50-year peak flow.

Not all bioretention facilities are required to be designed to meet all three minimum

requirements. However, the individual facility’s ability to meet all three minimum requirements
will be evaluated to quantify the actual performance of each facility monitored and modeled.
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4.0 Project Description

The overall value in the use of bioretention (and other LID stormwater facilities) will depend on
the accuracy with which constructed facilities meet their hydrologic performance expectations.
If facilities do not infiltrate, retain, and release flows sufficiently, receiving waters will not be
protected from hydrologic impacts, and contact with bioretention soil mix may not be adequate
to provide water quality treatment. If facilities are oversized, the land space may have been
inefficiently used, with unnecessary cost spent on the design and construction of the facility or
related flood control facilities. There may be opportunity costs as well in the loss of other possible
uses.

Evaluation of bioretention hydrologic performance will provide feedback to the SWMMWW
modeling design process, and to engineers’ design approaches, to help optimize designs for
greater expected accuracy and resulting benefits.

4.1 Project goals

The project goal is to compare actual hydrologic performance of constructed bioretention
facilities around the Puget Sound under a variety of storm conditions with the modeled
performance from the same facility using WWHM?2012. Results are anticipated to demonstrate
the relative importance of site characteristics, design, construction, maintenance, and modelling
variables.

Communication goals for the project are to provide presentations to the SWG and Ecology to
elicit feedback on the project. These will be done at important junctures of the progress of the
project. A draft report of the project findings will be provided to the SWQ and Ecology for
feedback to the final.

4.2 Project objectives

The project objectives are to attain the goals stated above. Specific objectives toward the
technical goals include obtaining and installing inflow and outflow monitoring instruments that
accurately and precisely measure stage at a primary hydraulic device which can then be
translated by a rating curve to flow. Obtaining and installing rain gages will be done to measure
actual rainfall in the immediate area of the subject bioretention facility being monitored. Rainfall
and flow will be measured continuously during a range of storm events to enable evaluation of
the design model using the actual rainfall, runoff, and facility flow-through conditions observed.
The change in the model parameters required to accurately reproduce the monitored data will
reveal the accuracy of the model parameters used in the original engineering design. The
comparison of the hydrologic results to the minimum requirements will also reveal the degree to
which the results continued to meet or did not meet the hydrologic criteria of the SWMMWW.

Coincident with collecting flow data and comparing the design model with a model based on

actual performance, the secondary objectives are to collect data characterizing the bioretention
soil mix, shallow subgrade soils, infiltration rate, ponding depths, subsurface water depths, and
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vegetation community composition, density, root health, and maintenance activity. These
additional data will be used in conjunction with hydrologic performance to support hypotheses
regarding the possible mechanisms influencing the hydrologic results.

4.3 Information needed and sources

Information needed for this project include design drawings, as-built conditions, and design
model parameters. Supporting information will include any other site assessments used to design
the project being monitored, including geotechnical exploration logs and laboratory testing data,
infiltration tests, original planting plan, construction monitoring reports, and subsequent
maintenance activity. The source for all this information is expected to be from the project
owner.

4.4 Target population

The target population is constructed bioretention facilities in the Puget Sound basin that were
designed using the WWHM 2012 hydrologic model.

A site selection process for the ten facilities to be monitored was previously conducted, and is
summarized in the technical memorandum in Appendix A.

4.5 Study boundaries

Study boundaries are the Puget Sound basin.

4.6 Tasks required

Detailed approaches and procedures for field data collection are provided in Section 8.1, Field
Measurement and Field Sampling SOPs. The following tasks are required to enable field
measurement and sampling.

Tasks to be conducted in this project include:

1. Specifying and obtaining rain gages, and flow and ground water monitoring
equipment for all ten facilities to be monitored.

2. [Installing flow and ground water monitoring equipment for all ten facilities to
be monitored.

3. Operating and downloading electronic data collected at all ten facilities for the
duration of monitoring.

4. Collect soil and plant information

5. Conduct data management and quality control for data collected.

6. Obtain design drawings, as-built conditions, technical information reports,
construction monitoring records, and modeling parameters used in each facility
design model.

7. Calibrate and run new computer models based on actual field performance data
collected.
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4.7

Practical constraints

Practical constraints include:

N —

kW

Retrofitting of inflow and outflow structures to enable more effective flow monitoring.
Travel time delays to the various site locations to maintain site equipment prior to
storm events to be monitored.

Seasonality constraints may limit monitoring to wet season events.

Public exposure of the monitoring equipment may result in damage or vandalism.
Subsurface exploration is constrained by below ground utilities (underdrains)

and difficulty in advancing hand tools in hand exploration borings.
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5.0
5.1

5.2

Organization and Schedule

Key individuals and their responsibilities

. Eric Christensen, Planning and Engineer Supervisor, City of Olympia.

Manage execution of the contract with Ecology, including invoicing and progress
reporting.

. Douglas Beyerlein, P.E., Prime Consultant and Hydrologic Modeling

Lead Clear Creek Solutions, Inc.
Provide consultant team management, and team administration with the City of
Olympia. Conduct modeling tasks for the project.

. William J. Taylor, Principal Investigator and Principal Author of Project

Reports. Taylor Aquatic Science
Lead design of overall project approach. Write project reports with contributions from
team members.

. Bryan Berkompas, Flow Monitoring and Data Collection

Lead Aspect Consulting, Inc.
Specify approaches and equipment, and conduct installation, maintenance, data
collection, and management for all surface flow and rainfall data collection.

. Jennifer H. Saltonstall, L.G., LHg., Hydrogeologic/ Geotechnical Data Collection

and Bioretention Soil Assessment Lead

Associated Earth Sciences, Inc.

Specify approaches and equipment, and conduct installation, maintenance, data
collection, and management for all well point and ponding data collection.

. Anne Cline and Chris Wright, Vegetation Monitoring

Leads Raedeke Associates, Inc.
Specify approaches and equipment, and conduct field data collection and management
for all vegetation monitoring procedures.

Special training and certifications

No specific certifications are required. All team members have the experience required for their

role.

5.3

Project schedule

Because of the wet season requirement needed to obtain sufficient hydrologic data, the schedule
revolves around the period October through May, for a maximum duration of five months.
Subsurface water and surface water level data will be collected continuously and simultaneously
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with storm event monitoring. The sampling period may be extended as interest has been
expressed by Ecology and the SWG to capture enough storm events to make the findings viable.

5.4 Limitations on schedule

Limitations on schedule will be related largely to completion of contracting to enable starting data
collection from the beginning of the wet season, purchase of monitoring instrumentation, and the
availability of storm events in a given wet season. In addition, the project monitoring duration is
presently funded for five months of monitoring (Table 1). This will be the limit of the project
monitoring period. The SWG has expressed interest in conducting a longer duration of monitoring,
and has requested cost estimates for additional monitoring, including monitoring during the
summer season, and monitoring for a complete year.

5.5 Budget and funding

Proposed scope task and budget levels for Study II monitoring and reporting are provided in
Table 1. Funding is from the Stormwater Action Monitoring (SAM) Program which is a
cooperative of municipal stormwater permittees, and is administered by Ecology. The scope of
work and the budget for tasks is provided in Appendix B.

Table 1. Tasks and Budget

Task Description Consultant Budget
1 Project Management $16,240.00
2 Site Selection $55,545.80
3 QAPP Update $4,600.00
4 Performance Monitoring $269,359.20
5 Data Analysis and Modeling $44,280.00
6 Report and Findings $88,180.00
Contingency $47,821.00
Total $526,026.00
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6.0 Quality Objectives

6.1 Decision Quality Objectives (DQOs)

DQOs are qualitative and quantitative statements developed using a data quality objective
process. This process clarifies study objectives and defines the appropriate types and amounts of
data and tolerable levels of potential errors. The DQOs for this project are:

1. Sites selected have known designs and as-built information.

Existing original designs and as-built conditions will be collected from the project
jurisdictions and design engineers. These original design features and dimensions will
be compared to existing conditions.

2. The data will be generated according to procedures for field sampling, sample handling,
laboratory analysis, and recordkeeping.

Standard operating procedures for hydrologic measurements (identified also in section
8.1) will be generally followed and documentation recorded. These include, but are not
limited to, Ecology (2009, 2012) and manufacturer’s manuals for proper use of
instrumentation.

3. Data reporting and measurement sensitivities will be established and adequate for
stormwater management decisions.

Hydrologic data sensitivity and precision have been determined and reported by the
manufacturers. Error estimates for the rain gages and Thel-mar weirs to be used are
reported as 5% or less. Grain size distribution is likewise reported as 5% by the soil
laboratory to be used.

4. Creation of site-specific bioretention hydrologic performance models using
WWHM2012 with field-measured input.

The model results will reflect field measurements, input data accuracy, and input model
assumptions. If the model results do not accurately reflect the monitoring data results
(within 10% outflow volume error for the entire monitoring period) then input data will
be reviewed and possible sources of error identified. No calibration of WWHM?2012
model parameters or algorithms will be attempted.

Once established, DQOs become the basis for measurement quality objectives (MQOs), which

are discussed for both hydrological, precipitation, and soil data under each heading in this
section.
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6.2 Measurement Quality Objectives

MQOs are the acceptance threshold for data, based on the quality indicators (described below)
and are specifically used to address instrument and analytical performance. For this project the
MQOs will focus on completeness, sensitivity and accuracy of measuring a wide range of
hydrologic conditions in Western Washington.

6.2.1 Targets for Precision, Bias, and Sensitivity
6.2.1.1 Precision and Percent Error

Level of precision, or repeatability, for the instantaneous stage measurements for flow, ponding,
and subsurface water elevations are expected to be 2 mm or less based on experience of the
hydrologic monitoring field staff. Translation of the stage measurements for inflows and
outflows to flow rate will result in flow rates within 3 to 5 percent of the true flow rate as
reported by the manufacturers of Thel-mar weirs as percent error (Thel-mar Company 1995) and
Harmel et al. (2006).

Precision will be tracked by recording observed depths in the field, replacing the measurement
instrument, and recording the repeated observation in the field.

Precision for precipitation is also expected to be highly repeatable, within 1 mm rainfall, and is
also reported to be within 5 percent error of the true rainfall, as reported in the product
specifications by Hydrological Services (Hydrological Services 2008).

While the inherent percent error of the instruments is stated based on the manufacturers’ claims
for precision and accuracy, the most important means for maintaining the accuracy of the
measurements will be field maintenance of the instrumentation (Harmel et al. 2006).

Maintenance of equipment in the field will generally follow Ecology (2009) standard operating
procedures for conducting stream hydrology site visits. In addition, site visitation for downloading
data from each site will be roughly every two weeks during the five month monitoring period, but
site visits will be adapted to be conducted immediately prior to anticipated large storm events as
possible within the budget.

Subsurface exploration, geotechnical laboratory and infiltration testing is used to characterize
bioretention soil and underlying native subgrade. Variability in bioretention soil exists due to the
type and quality of compost and aggregate, the supplier’s method of mixing, the method of
placement during construction, and post-placement changes due to planting, saturation and
natural soil processes that occur as soil ages. Variability in native subgrade materials exists both
laterally and vertically due to the nature of sediment erosion and deposition through geologic
time. Conditions should be expected to vary between explorations.

Soil analyses will include organic matter content of the bioretention soil mix, soil sieving for
grain size distribution. Percent error for these measurements is approximately 5% as reported by
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the project analytical laboratory, NW Agricultural Consultants. A summary of laboratory
reporting methods, sensitivity, and detection limits is presented in Table 2.

Vegetation identification precision will be based on the plant ecologist’s knowledge of common
plants used in bioretention facilities, or identified in the field with field guides. Stem density and
estimates of percent cover will be collected for a minimum of twenty five percent of the
bioretention area. Within these sampled areas, percent error of stem density and percent cover is
expected to be within 5 percent.

Table 2. Laboratory methods, sensitivity, detection limits, and lab accreditation for soil samples
to be collected from each of the ten bioretention facilities to be monitored.

Analyte | Matrix | Number | Expected | Analytical | Sample Sensitivity/ | Lab/
of Range of | Method Preparation | Detection Accreditation
Samples | Results Method/ Limit
Special
Methods
Organic | Soil 3 Depende | ASTM No A scale AASHTO,
Matter nt on Soil | D2974 separate meeting the | A2LA
Type preparation | requirement
method s of ASTM
D 4753 and
a0.0lg
readability
Particle | Soil 3 Depende | ASTM ASTM A scale AASHTO,
Size nt on Soil | D422 D421 sensitive to | A2LA
Analysis Type 0.1 percent
of Soils of the mass
of the
sample
retained on
the No. 10
sieve.
6.2.1.2 Bias

Flow during each storm flow event, and pond and ground water levels, will be measured with
stage recorders for the inflow, outflow and water surface stages. Drift can occur as a source of
bias in the sequence of measurements, and will be evaluated and corrected for during data
quality assurance review. Other sources of bias include physical disturbance or debris obstruction
of the weirs, or the pond and ground water level stage measurement instruments. Avoidance of
bias will be achieved through field checking of the sites’ equipment and calibration either on a
regular or storm event basis.

For the geotechnical engineering and hydrogeologic data collection, the primary concern for bias
relates to number and frequency of soil sample collection. Soil sample frequency will be
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determined by budget. At a minimum, three samples of bioretention soil and two samples of
native subgrade soil will be collected for each facility. One set of samples from each facility will
be tested for grain size distribution.

Bias in vegetation stem density and percent cover will be minimized by estimates being
conducted by a single ecologist in the field, with plant identification cross checked with other
staff ecologists. Twenty five percent of each bioretention facility will be sampled for vegetation
parameters.

6.2.1.3 Sensitivity

Flow, ponding and groundwater levels will be detected by electronic instrumentation. The limit
to sensitivity of detection is based primarily on whether the instrument is electronically
functional at the time. Equipment malfunction will cause either lack of detection at all or large
errors due to obstructions in the field. While sensitivity of stage recording devices may be
recorded by the instruments at greater than 0.01 feet, the results will be reported to the nearest
0.01 feet.

Soil analyses to be conducted include organic content and gradation for both bioretention soil
mix and subsurface soils. Sensitivity for both of these is 0.1%.

6.2.2 Targets for Comparability, Representativeness, and Completeness

6.2.2.1 Comparability

Comparability of results from this project will be from the storm-based measurements at each of
the inflows and outflows from each facility. This is the primary basis of the evaluation of the
hydrologic performance of bioretention facilities in the scientific literature (Taylor and Cardno,
2013). Flow measurements will utilize calibrated manufactured weirs or similar primary devices
for comparability to similar studies.

Numerous candidate sites were evaluated in the field, and by reviewing design drawings, to best
assure the sites chosen were accessible and suitable for accurate flow monitoring for comparison
to other similar monitoring projects. A summary of this selection process is provided in
Appendix A.

The subsurface exploration and geologic/hydrogeologic characterization will be conducted in
accordance with methods discussed in “Guidelines for Preparing Engineering Geology Reports
in Washington,” prepared by: Washington State Geologist Licensing Board, November, 2006.

6.2.2.2 Representativeness

Representativeness of this project site selection is based on geographic distribution of subject
facilities, representativeness of storm sizes monitored for model performance evaluation, range
and duration of storm event and water surface levels, and direct collection of additional soil and

vegetation data from each facility.
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6.2.2.3

Sites to be monitored are distributed from Bellingham in the north to Tumwater in

the south. See Appendix A for distribution of proposed facilities.

Storm flow monitoring will be conducted for the duration of five months, with the

goal to collect flow data for five storm events at each of the ten facilities.

Ground water and pond stages will also be monitored continuously during five months
of the wet season to provide representativeness of continuity of stages during the wet
season.

Surface infiltration rates will be measured at each of the facilities at least at one
location, and soil samples will be collected at three locations within each facility.
Vegetation will be assessed for during mid to late summer, prior to leaf fall.

Completeness

Because the hydrologic data to be collected will be used to evaluate the WWHM bioretention
input parameters for each of the ten facilities, the degree of data collected will affect the
evaluation analysis. Data collection goals include:

Inflow and outflow measurements from a minimum of five storm events collected
during the five-month monitoring period is recommended for the completeness needed
for evaluation of the modeled bioretention results.

Storm sizes to be monitored should range from approximately 0.25 to at least 1.0
inches over 24 hours.

Ponding depths and subsurface water elevations will be collected for at least five
months during the wet season to provide additional model information along with the
inflow and outflow monitoring.

Infiltration rates and soil samples will be collected from each facility.

Vegetation composition and density will be collected at each facility.
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7.0 Sampling Process Design (Experimental Design)

7.1 Study Design

The project study design is a modeling-based assessment established on field measurements of
inflow, outflow, ponding and groundwater levels, bioretention soil infiltration rates, soil
composition, and vegetation type, density, and maintenance. The intent is to provide adaptive
management feedback to the bioretention design modeling process using the WWHM 2012.

The intended benefits of the project are to identify bioretention facility conditions that affect the
actual hydrologic performance of the facility, and use that information to help improve future
bioretention designs.

Additionally, because the study population is bioretention facilities designed using WWHM
2012, field measurement of flows and subsurface groundwater conditions will allow direct
evaluation of the performance of these facilities designed using WWHM 2012. In this way, this
study provides feedback to both the constructed facility and the design model.

The project objective is to compare actual hydrologic performance of constructed bioretention
facilities with the modeled performance from the same facility. Modeled results from the as-built
facility will be compared to monitored performance data.

The comparison of the model results with the field results will either demonstrate the ability of
the model algorithms to accurately represent real-world bioretention facility conditions or will
identify limitations in the modeling that may require future changes in computational techniques
or parameter input values. With a range of facilities the comparisons will test the strengths and
weaknesses of bioretention facility performance over a wide-range of conditions involving local
bioretention soil mix composition, surficial geology, infiltration rates, groundwater fluctuation,
actual constructed site geometry, and vegetation density, health and maintenance.

The final product will be a set of performance comparisons between the model and observed
performance. Key factors such as native soil types, climatic conditions, errors in planning/modeling
or model input values that best describe observed differences will be discussed in a final report. In
addition, recommendations may be made for changes needed in the design, construction, and
maintenance of bioretention facilities to improve their hydrologic performance.

If unable to explain observed differences through construction, maintenance or site
characteristics, then a recommendation may be made to the WWHM 2012 model input. The
recommendations will include potential parameter value changes (for example, for the
engineered soil mix), regulatory modeling changes (for example, use of the KSat Safety Factor),
and changes in field measurements techniques (for example, native soil infiltration rates). All of
these recommendations will assist state and local governments in improving and updating their
stormwater LID regulations.

The assessment of the facilities’ performance in terms of the three minimum performance
requirements in the SWMMM (see Section 3.1.5) will allow us to quantify how well these
facilities are performing (even if they were not specifically designed to meet all three minimum
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requirements). Any deficiencies noted will not be considered a failure of a specific facility but
an indication of what key factors significantly influence the actual performance of the facility.
This will assist in focusing on possible future changes to the design standards and/or the
performance standards.

For each bioretention facility the evaluation procedures to be followed include:

1.

10.

7.1.1

The contributing drainage area described in the technical information report (TIR) will
be compared with the contributing drainage area observed at the site. The relative
pervious and impervious areas draining to the site will be compared to the original
model input. Apparent discrepancies in the contributing area as indicated by volume of
inflow will be addressed through re-evaluating the measured rainfall and flow data, and
measuring the contributing area through field measurements or satellite imagery
provided by google earth.

The physical dimensions of the bioretention facility will be measured in the field

and used to create the model for comparison.

The physical outlet structure configuration and dimensions of the bioretention

facility will be measured in the field and used to create the model for comparison.
Plan drawings will be used where measurements cannot be made due to access or
other issues.

A new WWHM2012 model of the drainage area and bioretention site will be
constructed based on the information collected in procedures 1-3 above.

Monitored rainfall data and runoff inflow data (if available) will be input in the
WWHM2012 model. If inflow data are not available then simulated inflow data will
be used instead.

The WWHM2012 model will be run for the monitoring period to compare

simulated model results from the bioretention facility with monitored outflow

data.

Discrepancies between the above collected data and the model data will be noted.
Based on all of the above information, and the results of the actual hydrologic
performance of the bioretention facility, individual facility performance of the

ten monitored facilities will be described in both qualitative and quantitative

terms.

The comparison of simulated model results from the bioretention facility with
monitored outflow data may result in the need to adjust the model input native
infiltration rate or other parameters (for example facility dimensions or contributing
area) to more accurately replicate the measured outflow data.

The adjusted final WWHM?2012 model will be run for the entire standard
WWHM2012 simulation period (40-60 years) and the model outflow results will be
compared with the Ecology minimum requirements described above.

Field measurements

Field measurements to be collected include:
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e Inflow and outflow flow measurements. These data will be collected continuously over
a five month or longer period. A range of storm event conditions are sought for the
study, with a goal of a minimum of five storm events.

e Precipitation.

e Ponding level and groundwater levels.

e Soil borings and associated observations of bioretention soil, underdrain
aggregate, subsurface soil, geology, and groundwater.

e Bioretention soil and subsurface sediment character and thicknesses, depth to
ground water and field permeability estimates.

e Soil infiltration rates.

e Vegetation composition and density.

7.1.2 Sampling location and frequency

The location of facilities to be monitored are presented in Appendix A. All the field sampling
described is to be carried out within each facility.

7.1.3 Parameters to be determined

The model to be used in this study is the WWHM 2012. The bioretention modeling module will
be used with assignment of parameters in the model based on the as-built dimensions, and site
conditions.

The parameters to be determined as part of the geotechnical engineering and hydrogeologic data
collection include bioretention soil mix organic content and gradation, subsurface soil gradation,
geologic unit, shallow ground water conditions, permeability, and fate of infiltrated water. These
parameters are used to characterize shallow subgrade soil and ground water conditions, including
infiltration rate.

7.2  Maps or diagram

A map of the location of the facilities to be monitored is presented in Appendix A.

7.3 Assumptions underlying design

Assumptions for this study design are that infiltration rate, soil characteristics, groundwater, and
vegetation characteristics and maintenance are the primary factors affecting the hydrologic
performance of bioretention facilities. We further assume that infiltration rate can be estimated
by direct field measurements and compared with infiltration estimates derived from flow
monitoring data. A final assumption is that each of the bioretention facilities selected to be
monitored will prove to be monitorable and continue to meet the selection process criteria
already carried out.
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8.0 Sampling Procedures

8.1 Field measurement and field sampling SOPs

8.1.1 Water level and flow data collection

This study will collect water level and/or flow data from several points within each bioretention
facility. Flow rates will be measured at any inlet or outlet from the facility. Water level will be
measured in shallow groundwater wells as well as within the facilities themselves to determine
ponding depths. Some facilities may not include all of these elements and the monitoring system
will be adjusted accordingly.

8.1.1.1 Inlet Monitoring

Bioretention facilities in this study have three types of inlets: pipes, curb cuts or modeled inlets.
Flow rates in piped inlets will be measured using Thel-mar weir inserts sized to fit the inlet pipes.
A pressure transducer will measure water level behind the weir to determine the inlet flow rates.
Curb cuts will require some modification as the flow through the cut will likely be too shallow to
measure directly under all but the most extreme storm conditions. A plastic or rubber sheet will
be used to line the curb cut and funnel the flow into a section of pipe. A pressure transducer and
a Thel-mar weir insert at the downstream end of the pipe will be used to measure the inlet flow
rate. There are a variety of shapes, sizes and expected flow rates for the curb cut inlets at the
selected sites and the sheeting, pipes and Thel-mar weirs will need to be custom sized to each
inlet.

Additionally a small splash pad may be required at the end of the pipe to prevent erosion from
the concentrated flow point. Some inlet flows may be estimated using a model rather than
measurement. Some facilities have multiple roof drain inlets and the cost to monitor all of the
inlets may prove prohibitive. In such cases one or two inlet monitoring systems may be rotated
to each inlet for one or two rainfall events to help adjust a runoff model based on rainfall.

This adjusteded model will then estimate inflow into the bioretention facility based on the
measured rainfall for an event.

8.1.1.2 Outlet Monitoring

Not all of the bioretention facilities have an outlet but those that do will require outlet
monitoring. Six of the facilities in this study with an outlet pipe has an overflow structure with an
outlet pipe and a sump below the pipe. Additionally, some facilities have an underdrain pipe that
connects to this structure. A Thel-mar weir will be installed in the outlet and a transducer will be
installed in a stilling well within the sump of the outlet structure to measure the water depth
behind the weir. Two of the facilities (M1C and SSW) in the study have an outlet structure that
comingles any outflow from the facility with flow from other adjacent facilities. Outflow at
these sites will only occur if the facility ponds to the point of overflow and any overflow will be
estimated using a morning glory weir equation based on the size and shape of the overflow
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structure. The last two facilities (MPP and TBM) do not have an outflow structure and would
only discharge if the entire facility filled up and overflowed into the surrounding landscaping.

8.1.1.3 Groundwater and Ponding Depth Measurements

Monitoring wells may be installed at the facilities to measure ponding depth and groundwater
surface elevations at various depths within the facility. The design of each facility will
ultimately determine the number and types of monitoring wells needed at each facility. Three
different types of monitoring wells may be required at a given facility. The first type of well
would be installed to continuously measure the ponding depth on the surface of the bioretention
cell. The ponding depth will be used in the analysis of both infiltration rates of the bioretention
soil mix and overflow events at each facility. The second type of well will be installed to
measure the groundwater surface level at the base of the bioretention soil mix. Data from the
bioretention soil mix monitoring well will be used to track infiltration rates within the
bioretention soil mix or aggregate layer (if present). The third type of well would be installed in
the shallow native soils underlying the facility to monitor groundwater levels beneath the facility.
The data from the wells installed into the native soils will provide information about the
influence of shallow ground water conditions (if present) on the infiltration rates into the
underlying soils at each facility.

The shallow ground water conditions are an important site variable. One screened well point will
be installed in the foot print of the facility within the soil boring hole to obtain depth to ground
water level measurements and provide a long-term ground water level monitoring station.
Additional well points or wells can potentially be installed around the outside of the facility. The
well point(s) will be equipped with a datalogger and then used to obtain information on ground
water response to stormwater inflow and precipitation. This data will be compared to staff gauge
water level data within the facility.

8.1.2 Rain Gauge

Precipitation data is an important part of the modeling and inlet flow verification analysis. Each
site will require a nearby or on-sight rain gauge. Where possible an existing municipal rain
gauge will be utilized. In order for an existing rain gauge to be applicable to this study it must be
located close to the facility, be in the same isohyet as the facility, and it must be regularly
maintained and calibrated by the owner. Data from the existing rain gauges will be collected
from the municipality that operates the gauge. Sites that do not have a suitable rain gauge nearby
will require a rain gauge to be installed as part of the monitoring system. The rain gauges
installed as part of this study will be sited at or very near to the facility and will be located in an
area that accurately represents the rainfall in the drainage basin of the facility.

8.1.3 Site Maintenance

All monitoring sites are budgeted to be visited at twice a month for routine maintenance,
calibration and downloading. Some sites may require more frequent visits depending on site
conditions such as sediment deposition, animals, security concerns etc. and others less. All
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study-related monitoring equipment will be operated and maintained per manufacturer
recommendations. During each maintenance visit the field crew will:

e Download all monitoring data to a laptop and copied to a USB storage drive in the
field as a backup.

e Each Thel-mar weir, pipe, and collection sheet (for curb cuts) will be inspected,
cleaned and the weir will be leveled if needed.

e Each stage recording instrument and weirs will be inspected, cleaned and calibrated as
necessary. Prior to removing and inspecting each transducer a level measurement will
be collected behind the weir or within the well.

e Once the transducer is reinstalled a second level measurement will be collected. These
level measurements will serve as the starting and ending points for any data corrections
associated with sensor drift or offsets.

¢ Any study-owned rain gauges will be inspected to ensure that is it clean and level per
the manufacturer’s specifications.

Upon completion of the maintenance visit all project data will be transferred to the project
database on the consultant’s server. All field forms will be scanned and saved. Some sites may
be maintained by the municipality that owns the facility. In these cases, the municipality will
send the electronic data to the consultant for storage on the consultant’s server.

8.2 Geotechnical Engineering and Hydrogeologic Data Collection

8.2.1 Subsurface Exploration

Limited information on subsurface conditions will be obtained from hand auger samples and soil
probe penetration measurements at about 2-foot increments in each hand-augered borehole. One
hand boring will be performed in the facility bottom and advanced to a depth of 8 to 10 feet or
refusal. A second hand boring will be completed to a depth of 4 feet or refusal. Representative
samples will be collected, visually classified in the field, stored in water-tight containers and
transported to AESI’s offices for additional classification, geotechnical testing and study. A
detailed record of the observed bioretention soil, underdrain aggregate (if applicable), subsurface
soil, geology and ground water conditions will be made.

The sediments will be described by visual and textural examination using the soil classification
in general accordance with ASTM D2488, Standard Recommended Practice for Description of
Soils. Hydrogeologic analysis and geologic unit assignment will be conducted to estimated
infiltration capacity of the native subgrade sediments. At the conclusion of the excavation, each
borehole will be immediately backfilled with the excavated material or completed as a
monitoring well and the bioretention soil replaced.

8.2.2 Geotechnical Testing

The bioretention soil and native subgrade sediments will be further classified using geotechnical
laboratory testing procedures. The bioretention soil will be tested for organic matter content
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using the Loss on Ignition test method (ASTM D2974) to estimate the percent organic matter,
and the burned material will then be sieved in accordance with ASTM D422 test procedures.

The native subgrade sediments will be sieved in accordance with ASTM D422 test procedures.
Hydrometer analyses will only be conducted if the native material is composed of greater than 15
percent (by weight) silt/clay.

8.2.3 Measure Infiltration Rates
Infiltration rates will be measured in one of two ways:

1. If adequate water supply is available and the facility footprint is relatively small,
infiltration rates will be 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

2. When full-scale testing is not practical, infiltration rates will be measured using the
Pilot Infiltration Test (PIT). The PIT is not a standard test but rather a practical field
procedure recommended by Ecology. A PIT will be performed in the footprint of
each bioretention facility per the guidelines for a Small- Scale Test as described in the
SWMMWW (Ecology 2014).

For some facilities with underdrains, the measured infiltration rate from the above described
testing will be the rate of the bioretention soil, not the underlying native subgrade. The
underdrain, if present, will be observed for discharge. The field measurements will be compared
to the native subgrade infiltration rate estimated based on grain size distribution methods that
account for natural compaction, observations of water level response to testing in the well point,
and from a review of prior relevant data for the facility, if available.

8.3 Vegetation monitoring

Bioretention facility plant composition and density will be measured for selected monitoring
sites in one of three possible approaches depending on site conditions. Only the bottom (area
subject to inundation) of the bioretention cell will be sampled for vegetation.

1. For bioretention facilities that only have woody vegetation (shrubs and trees), the
number of stems will be counted within the facility (density). A woody plant is
considered and inventoried as a single individual, regardless of the number and size of
stems emerging from a common root system. A woody sapling/tree with a single stem
is also considered and inventoried as a single individual. However, a woody
sapling/tree with multiple stems may be considered and inventoried as multiple
individuals if the stems split below 50cm in height (along the stem). In addition to a
count of the number of stems within the facility, an estimation of the percent cover of
the woody vegetation within the study area will be made. The genus and species of
the woody plants will be recorded as well as the wetland indicator status of the species
observed.
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2. For bioretention facilities with only herbaceous plant species, a quadrat along pre-
determined points along a transect line(s) will be used to measure density. A 25 cm x
25 cm quadrat will be used to record the percentage of herbaceous vegetation versus the
percentage of bare ground that covers each quadrat. Species will be identified to genus
and species and note made of the wetland indicator status of the observed species. Ata
minimum 25% of the unit will be sampled.

3. For bioretention units with woody and herbaceous species, both sampling methods will
be used. Stem density will be counted for the woody species and quadrats will be used
to estimate density of herbaceous vegetation.

4. For maintenance activity, the owning jurisdiction or private parties will be contacted
to define and document the regular routine activities and schedule of maintenance
for each facility.

Summary presentation and discussion of results will be used to provide qualitative inference on
the possible role of vegetation and maintenance on the hydrologic performance at each of the
monitored facilities.

Comparisons will be made to the observed composition of the vegetation community and the
originally designed plant community where planting plans exist. Composition of the plant
community can be used to infer the duration and frequency of inundation within the bioretention
facility to further understand the hydrologic performance of the system.

8.4 Containers, preservation methods, holding times

Soil samples will be the only sample matrix collected for delivery to a laboratory for analysis.
Soil samples will be collected with hand tools (shovels) and placed in one gallon zip locked
plastic bags. No preservation, cooling, or holding time is applicable for these samples.

8.5 Invasive species evaluation

Equipment used in flow monitoring will be visually evaluated for debris and cleaned as needed
between uses at different sample sites.

8.6 Sample ID

Subsurface explorations will be identified with GPS coordinates. Soil samples will be labeled
with an exploration identification number, date, and the depth below ground surface.

8.7 Chain-of-custody, if required

Chain-of-custody protocols for soil samples collected will follow protocols used by the
geotechnical consultant and soils lab. These procedures include using a chain-of-custody form
documenting the delivery and disposition of the samples as they are delivered from the field
collection team to the laboratory staff.
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8.8 Field log requirements

Field logs containing all the following information will be maintained for all field visits, and will
otherwise generally follow Ecology 2009 standard operating procedure for conducting stream
hydrology site visits.

Name and location of project

Field personnel

Sequence of events

Any changes or deviations from the QAPP

Environmental conditions

Date, time, location, ID, and description of each sample

Field instrument calibration procedures

Field measurement results

Unusual circumstances that might affect interpretation of results

8.9 Other activities

No other sampling activities are anticipated.
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9.0 Measurement Methods

9.1 Field procedures table/field analysis table

Field procedures for flow monitoring are described in Section 8.1.1, Water level and flow data
collection, and 8.8 Field log requirements above. These procedures will generally be followed
for routine maintenance of flow over weirs, calibration of stage measurement instrumentation for
weirs and well points, and downloading of data.

It is recognized that these field procedures for maintaining the equipment for accurate
measurements are the most important elements to obtaining precise measurements.

Similarly, soils sampling, infiltration rates measurements, and related observation procedures in
the field will follow the ASTM and Ecology (2014) procedures identified in section 8.4 above.

9.2 Lab Procedures

The only laboratory procedures will be for soils samples. Soils lab procedures for organic matter
and organic matter content will use the Loss on Ignition test method (ASTM D2974) to
estimate the percent organic matter, and the burned material will then be sieved in accordance
with ASTM D422 test procedures. Details of the laboratory procedures are provided in Table 2.

The native subgrade sediments will be sieved in accordance with ASTM D422 test procedures.

Hydrometer analyses for particle size analysis will only be conducted if the native material is
composed of greater than 15 percent (by weight) silt/clay.
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10.0  Quality Control (QC) Procedures

10.1 Field and lab QC required

Soil samples quality control measures will include comparison of laboratory results with the
visual manual classification as described above in Section 8.1. Apparent inconsistencies in
these analyses may warrant reanalysis of archived soil samples.

For infiltration testing quality, estimated permeability (infiltration rate) from the grain size
testing will compare with the field infiltration test results for consistency. If observed
subsurface water levels suggest much different infiltration rates than measured, the groundwater
and flow data will be reviewed to attempt to resolve any discrepancies due to water level data
inaccuracy.

10.2 Corrective action processes

Corrective actions will generally be required to respond to either (1) physical failure of the
precipitation and stage recording instrumentation or weirs (e.g. due to damage, vandalism,
obstructions, etc.), or (2) apparently erroneous data has been collected (e.g. data gaps in data
collection, bias due to drift, etc.).

Corrective actions to correct physical failures of the monitoring equipment will be implemented
through inspection of monitoring equipment prior to anticipated storm events (as possible within
the budget allotment and with assistance of local municipalities). If physical failures of
equipment are identified prior to or during storm events, simple actions to correct the issue will
be taken immediately (e.g. removing debris or reinstallation). Reinstallation of monitoring
equipment will otherwise be conducted when best feasible either during or between storm events.

Identification of erroneous data will not occur until data is downloaded from each site (semi-

monthly). Correction of erroneous data will be conducted through the data review and correction
process (see Section 11.1).
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11.0 Data Management Procedures

11.1 Data recording/reporting requirements

11.1.1 Data management and verification

All project related data will be stored on the consultant server and backed up offsite on a daily
basis. All flow, rainfall, and groundwater data will be reviewed within a week of the site
maintenance visits to identify potential problems and address them to minimize data gaps or
errors.

All project related flow and rainfall data will be verified using the following steps.

e Data will be reviewed for gaps and determine if the gaps can be filled with estimated or
alternate data. For example, if the facility rain gauge is offline a nearby rain gauge
might be used to fill in the gap. The process for filling in each gap will be documented

e Anomalies or spikes will be identified. Examples of anomalies are sudden changes
in level, heavy rainfall with no measured inflow, data flatlines, etc. The process for
addressing each anomaly will be documented.

e All data will be cross checked against field forms and calibration records. Sensors
may need to be adjusted for drift or offset and the flow rates recalculated.

e Data may also be compared across rainfall events. Are expected yields/patterns
across events consistent? Do rainfall and inlet flow rates coincide?

11.2 Lab data package requirements

Soil samples analysis results will be reported in accordance with the ASTM geotechnical testing
protocols. Lab data package requirements for the soil sample analyses include the weight
retained on sieves, and the quality control steps of calibration and washing of the sieves prior to
analysis was completed.

11.3 Electronic transfer requirements

Laboratory data results for soil analyses are delivered as a portable document format (.pdf) file,
and stored as electronic files locally on the geotechnical consultant’s server.

11.4 Acceptance criteria for existing data

Existing data to be used in the project include record drawings (as-builts) for each facility,
existing hydrologic model, engineering design, and infiltration tests as described above in section
4.3. These data will be used as presented, unless method or results inconsistencies are apparent,
as judged by the individual discipline leads. Otherwise no other existing sample data (such as
rainfall or flow data) is required for completion of the project.
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11.5 Data presentation procedures

Field data results and WWHM Model output will be delivered in tables and graphically in the
final report for the project. Electronic copies of raw data files will also be provided to Ecology.
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12.0  Audits and Reports

12.1 Number, frequency, type, and schedule of audits

The Olympia PM will be conducting audits during the project, with a monthly frequency during
the five months of active monitoring and for any subsequent data processing. The auditing
process will be in regard to the active field and data processing QC steps already detailed in
Sections 8.1 and 11.1 above.

12.2 Frequency and distribution of report
Project status reports will be provided to the City of Olympia during the course of the study. A
single draft report will be prepared for review by the City of Olympia and Department of

Ecology. Comments obtained for the draft report will be addressed and changes made to
produce a final report. The final report will be available from the SAM Coordinator at Ecology.

12.3 Responsibility for reports

The final report will be co-authored by William J. Taylor and Douglas Beyerlein, with
contributions from the other team co-authors.
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13.0 Data Verification

13.1 Field data verification, requirements, and responsibilities
All data generated will also be reviewed by other in-house staff associated with each discipline

than those collecting the data (i.e. flow monitoring, geotechnical, hydrologic modeling, and
vegetation).

13.2 Lab data verification

Laboratory soil data will be verified through review of the data results and laboratory quality
control process by the project geotechnical engineer for completeness and reasonableness of
results (based on the engineer’s visual knowledge of the samples).

13.3 Validation requirements, if necessary

Not applicable to this study.
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14.0  Data Quality (Usability) Assessment

Upon completion of the data verification the project data manager will make a final
determination of the data usability. If the data meets the Data Quality Objectives (DQO) stated
in this QAPP then the data will be deemed useable for meeting the study objectives. The project
data manager will look at qualified data and evaluate its impact to the overall DQO. If data are
rejected a determination must be made of whether the quantity and quality of the valid data are
sufficient to meet the study objectives. Thorough documentation will be made of any decision to
reject data as it may require additional effort to replace the intended data. Usable data is
acceptable for all study related analysis.

14.1 Process for determining whether project objectives have been
met

Data objectives will be met for the proposed data to be collected based on completeness and data
quality of the data sets desired. These include the storm event samples (5 storms minimum), and
data reviewed and corrected where needed for use in evaluation of the bioretention facility’s
performance; and for the minimum five month range of continuous data for pool and ground
water stage data. Completeness and data quality for soil samples and vegetation characterization
for each bioretention unit as described above will be required for all ten units monitored.

14.2 Data analysis and presentation methods

The results of the modeling and data collection will be presented in a methods, results, and
discussion sections of the final report. Data will be presented in tabular and graphical form, and
summary descriptive statistics provided. Modeling results will be presented through projected
flow duration curves of the calibrated model results, as well as identification of whether the
modeled results meet the minimum requirements of the SWMMWW.

Results of the study will be discussed through apparent field conditions (soil density and

composition, subsurface infiltration conditions, vegetation conditions and maintenance)
contributing to the end results, and referenced against peer reviewed literature.

14.3 Treatment of non-detects

Not applicable. No water sampling for pollutant or other water constituents will be conducted as
part of the current study.

14.4 Sampling design evaluation

Recommendations for any perceived needed change in the study design will be provided as data
is collected and reported in the monthly progress reports.

14.5 Documentation of assessment

BHP II Study — Page 35



Hydrologic performance of 10 bioretention facilities in the Puget Sound basin will be monitored
during storm events and compared to the predicted modeled results for each facility. Using this
comparison, and drawing from additional site data such as local bioretention soil mix
composition, surficial geology, infiltration rates, groundwater fluctuation, actual constructed site
geometry, and vegetation density, health, and maintenance, working hypotheses will be proposed
for factors leading to the hydrologic performance observed. These working hypotheses will be
supported by published literature on bioretention hydrologic performance.
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Appendix A

Bioretention Hydrologic Performance (BHP) Study II Site
Selection Process and List of Selected Sites. Technical
Memo — Deliverable 2.2 and 2.3 Combined.



Taylor Aquatic

Science and Policy

Technical
Memo

Andy Haub, Eric Christensen, City of Olympia

To: Brandi Lubliner, WDOE
From: William J. Taylor
Date: February 5, 2019

Bioretention Hydrologic Performance (BHP) Study II
Site Selection Process and List of Selected Sites
Re: Technical Memo — Deliverables 2.2 and 2.3 Combined

This memo provides a summary of the site selection process and results of the site evaluations
combined into one memo. As the selection process and recommended sites for selection are
connected, it made sense to combine these into one product.

Background

The BHP Study Il follows the BHP Study | (conducted with the City of Bellingham) and again
involved contacting Puget Sound Basin jurisdictions to identify “candidate” bioretention facilities
to be recommended for evaluation and possible selection in a set of ten facilities for performance
monitoring.

The difference in the BHP Il selection criteria from the first BHP Study was specifically to select
sites designed using the Western Washington Hydrology Model version 2012 (WWHM 2012).
The goal of this project is to evaluate the performance of the model, in addition to observe how
the bioretention facilities are performing in the field.

As before, the selected sites are being monitored for inflow and outflowing stormwater flows.
Site data is also being collected for groundwater and ponding levels, bioretention soil mix
composition and infiltration rate, subsurface soil conditions, and vegetation composition and
density as supporting information to evaluate the site performance.

Qutreach to Jurisdictions, and Candidate Sites Identified and Evaluated in the Field

Jurisdictions, and this time public school districts, selected for contact to nominate potential sites
came from four different sources:



1. Jurisdictions indicating interest in the BHP study from previous contact or during the
current SAM project selection process,

2. Public School Districts identified through the Office of Superintendent of Public
Instruction

3. Jurisdictions identified through the Ecology Water Quality Grant program as having
funded construction of a bioretention facility as part of their grant funded project, and

4. Jurisdictions that contacted the consultant team as a result of group emails from the
Stormwater Work Group, the APWA Stormwater Managers Committee, and from the
NPDES Stormwater Permit Coordinators forum.

Over thirty school districts and over 15 jurisdictions were contacted through direct telephone
contact with stormwater managers or associated engineers and water quality specialists to
discuss the BHP study, and their recommendations on possible candidate sites within their
jurisdiction.

Based on the initial criterion that candidate sites had to be designed using WWHM 2012, almost
thirty facilities were recommended for site evaluation. Site design plans (including planting
plans), technical information reports (TIRs) and modeling information was gathered for most of
these facilities. Twenty-five facilities were then identified for conducting a site visit for final
evaluation. Because most of the sites contained multiple cells each with their own conditions,
the site visits for these twenty-five facilities resulted in visual evaluation of approximately seventy
individual cells.

Site Field Evaluation

After receipt of design drawings, TIRs, and hydrologic modeling results, each consultant
discipline leader evaluated their background material before assessing each site in the field.
Information then assessed in the field related to each of the main disciplines for selection of the
sites:

¢ Assessment of inflow and outflow locations for flow monitoring feasibility

e Qualitative soil media composition and soil probe depths
In a different process from the previous BHP study, we did not conduct vegetation assessments
as all the sites were recently constructed, or were still unplanted as we were visiting the sites. It
was decided to conduct the vegetation assessment in the following spring to allow final planting
and an assessment of initial survival.

Site Selection Criteria

The same site selection criteria developed in the BHP | was used as a reference to review and
make note of many of the site design conditions and parameters for the candidate sites.
Attachment 1 also provides a list of monitoring, modeling, and geotechnical information for each
of the candidate sites.

As with the BHP | study, the accessibility of flow monitoring to attain accurate hydrologic results
was almost exclusively the deciding factor. The remaining criteria checklist items were
nonetheless useful as a checklist reminder of factors affecting site performance and additional
data collection needs.



Separate from the criteria checklist, we used the surficial geologic and jurisdictional
representation as guides to select sites that represented a wide range in geologic and
jurisdictional participation.

Final Sites Selected for Monitoring

The geographic distribution of the full set of 25 sites visited is presented in Figure 1, and the final
set of selected sites is listed in Table 1 below, and shown in Figure 2. Attachment 1 provides a
full list of the sites visited, selected, addresses and the associated jurisdiction contacts.

Table 1. The final set of sites selected under the BHP Il project.

Jurisdiction Project Name
Bellingham (BUW) Columbia WQ Improvements
Bellingham (BCK) Nevada — Kentucky Bike Boulevard
Marysville (M3Q) 1% and 3™ Street SW Retrofit
Marysville (M1C) 1% and 3™ Street SW Retrofit
Monroe S.D. (MPP) Park Place Middle School
Monroe S.D. (SSW) Salem Woods Elementary
Renton (RSH) Green Connections
Tacoma S.D. (FWI) Wainwright Intermediate
Tacoma S.D. (TWH) Wilson High School
Tumwater S.D. (TBM) Bush Middle School

Seasonal Schedule for Monitoring

The monitoring phase of the project has begun, with virtually all the sites were installed and
collecting continuous flow and rainfall data by October 15, 2018. The only exception was the
two Bellingham sites which were installed on 10/22/18; and at the Bellingham BUW site one of
the two inlet weirs was not installed until 11/6/18. The geotechnical site assessment work and
field infiltration testing was completed during October and November 2018.

As with the BHP | Study, we recommend extending the period of monitoring from the current
five months to eight months. The added value of observed groundwater conditions at many of
the sites added value to analysis of the spring groundwater transition season.

If you have any questions, please feel free call me or Doug Beyerlein.

Bill Taylor

Taylor Aquatic Science and Policy
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Attachment 1. List of candidate bioretention monitoring sites visited and assessed for selection as a site to be monitored during the BHP Il

study. Sites highlighted in yellow are selected for monitoring.

Jurisdiction Project Name Location Contact Name Contact Phone
Anacortes (AHS) Anacortes High School 1600 20th St, Anacortes Marty Yates 360-293-1228
Bellevue (BLP) Lewis Cr. Park Picnic Area Lewis Creek Park Kit Paulsen 425-452-4861

Bellingham (BUW)

Columbia WQ Improvements

Utter St. and Washington St.

Eli Mackiewicz

360-778-7955

Bellingham (BCK)

Nevada — Kentucky Bike Boulevard

Kentucky St. and Cornwall Avenue

Eli Mackiewicz

360-778-7955

Bellingham (BYS)

Yew St. SW Improvements

Yew St. between Texas and Alabama St.

Eli Mackiewicz

360-778-7955

Bellingham S.D.
(BHV)

Happy Valley Elementary

1041 24th St., Bellingham

Eli Mackiewicz

360-778-7955

Bethel S.D. (BSD)

Shining Mountain Elementary

21615 38th Ave E, Spanaway

David Wells

253-683-6085

Blaine S.D. (BHS)

Blaine High School

1055 H Street, Blaine

Alan Pomeroy

360-332-0738

Lynden S.D. (FES)

Fisher Elementary

501 14th St., Lynden

Patty Fairbanks

360-303-0927

Lynden S.D. (LMS)

Lynden New Middle School

8750 Line Rd., Lynden

Patty Fairbanks

360-303-0927

Marysville (M3Q)

1%t and 3" Street SW Retrofit

34 and Quinn St.

Adam Benton

360.363.8283

Marysville (M1C)

15t and 3" Street SW Retrofit

1%t and Cedar St.

Adam Benton

360-363-8283

Marysville (MVS)

Sonic Drive-In

3802 116th St NE

Adam Benton

360-363-8283

Mercer Island S.D.
(IMS)

Islander Middle School

7447 84th Ave SE, Mercer Island

Tony Kuhn

206-230-6339

Monroe S.D. (MPP)

Park Place Middle School

1408 W Main St., Monroe

Heidi Hansen

360.804.2677

Monroe S.D. (SSW)

Salem Woods Elementary

12802 Wagner Rd., Snohomish Co.

Heidi Hansen

360.804.2677

Renton (RSH) Green Connections Harrington at NE 8t St. Ron Straka 425-430-7248
Tacoma (HSB) Homestreet Bank 1501 S. Union Ave. Mieke Hoppin 253-573-2332
Tacoma (PLT) Prairie Line Trail S. Hood and Dock St. Mieke Hoppin 253-573-2332
Tacoma Proctor South Development N. 25 Street and N. Madison Street Mieke Hoppins 253-573-2332
Tacoma S.D. (MLE) Mary Lyon Elementary 101 E. 46™ St., Tacoma Mieke Hoppin 253-573-2332

Tacoma S.D. (FWI)

Wainright Intermediate

130 Alameda Ave., Fircrest

Michael Knaack

253-571-3316

Tacoma S.D. (TWH)

Wilson High School

1202 N Orchard St., Tacoma

Michael Knaack

253-571-3316

Tumwater S.D.
(TBM)

Bush Middle School

2120 83rd Ave SW, Tumwater

Tanya Baker

360-709-7009

Tumwater S.D.(TWS)

Tumwater Middle School

6335 Littlerock Rd SW, Tumwater

Tanya Baker

360-709-7009
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Can inflow be

monitored with

Label |Jurisdiction Site Site Visit Date
3rd Street LID and
Roadway
improvement

M3Q [Marysville Project 4/30/18, 5/1/18
Marysville 1st

M1C |Marysville Street LID 4/30/18, 5/1/18

MVS |Marysville Sonic Drive-In 4/30/18, 5/1/18

WHS |Tacoma Wilson High School 4/30/18

HSB |Tacoma Homestreet Bank 4/30/18

PRS |Tacoma Proctor South 4/30/18
Mary Lyon

MLE |Tacoma Elementary School 7/31/2018

PLT |Tacoma Prarie Line Trail 4/30/18
Happy Valley

BHV |Bellingham SD Elementary School 7/20/19
Anacortes High

AHS |Anacortes School 10/1/18
Fisher Elementary

FES |Lynden School 7/20/2018
Lynden New Middle

LMS |Lynden School 7/20/2018

BCK |Bellingham Cornwall Kentucky 7/20/2018
Islander Middle

IMS  |Mercer Island School 8/15/2018

BYS |Bellingham Yew St 7/20/2018

BHS |Blaine Blaine High School 7/20/2018
Tumwater Middle

Tumwater School 7/31/2018

George
Washington Bush

TBM |Tumwater Middle School 7/31/2018
Park Place Middle

MPP |Monroe SD School 7/31/2018
Salem Woods

SSW |[Monroe SD Elementary School 7/31/18

BLP |Bellevue Lewis Creek Park 8/15/2018
Wainwright

FW| |Tacoma SD Intermediate 8/15/2018
Shining Mountain

BSD |Bethel SD ES 8/15/2018
Utter and

BUW |Bellingham Washington 9/28/2018
Sunset

RSH |Renton Harrington 9/28/2018

1 inlet and 1 outlet both with easy weir
installs or curb cut modification

Only 1 inlet from curb, can't monitor
outlet flow excpet via morning glory weir
if riser overtops. Can't monitor sidewalk
inputs but they are likely very small

Received plan set only. Seasonal high

2 inlets and 1 outlet pipe

could be monitored but lots of inputs
Outlet comingled, owner status

Construction not finished at time of

Constuction not finished at time of study

Complcated stone weir walls and other

Too many inlets and comingled outflow,
other cell lined, parking lot too many

Constuction not finished at time of study

Lots of inlets, would need to monitor 1
and model 16, otherwise good

Can't monitor inflow as it is all sheet flow
but very clearly defined drainage area
likely best case for modeling inflow

2 inlets, 1 outlet. 1 inlet subject to some

Multiple buried inlets with inverts below

Adjacent to permeable pavement
sidewalk, likely recieves flow from
sidewalk base-course. Too many ins

All sites either comingled outlfow or
sheet flow to gravel to grass strip inflow

Small cell in back with 1 inlet is good

Cell 6 has 1 inlet, no outlet, Cells 5 and
7 also considered but more complicated
and more visible accessible for potential

Cell 2, 1 inlet, outlet is high overflow

2 cells. One has sheet flow from
pervious & basecourse. Second has
overflow from 1st plus 2 curb cuts from
pervious. Inflow may be low.

Cell 4 with two inlets selected. Cell 1
underlain by utility. Cell 2 has some
minor inflow from sheet flow. Cell 3
extends to include a narrow, vegetated
ditch (part of bioretention cell?)

Primarily sheet flow.
Combined with piped inflow and outflow

2 inlets 1 outlet, inlets are low but

2 inlets, unique underdrain with orifice

simple
Can inflow be  modifications;
easily 1=Yes; 0=No Overall
monitored; 1 = or Not monitoring
Yes; 0=No applicable rating Comments
0 1
0 1
GW depth ~5ft.
1 1 owner said no
Underdrained
1 1
Underdrained
1 0 Tier 2 unknown
unk unk study
unk unk
0 0 confusion
0 0 linked cells
unk unk
0 0 Tier 2
0 0 Tier 2
1 1 backwater
0 0 Tier 2 BSM level in cell
0 0 and Outs
1 0 Owner said no
1 0
1 1 candidate
1 1 vandalism
1 1
0 1
0 1
0 0 Tier 2
0 1 should work
0 1 flow control, outlet




Site Information for Modeling Assessment
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Under- Overfl (BSM Subgrade Design
Label [Jurisdiction Site Site Visit Date sSwbM sSwMm drains [Liner [ow Rate |BSMb |[BSM n (Rate TIR Civil
3rd Street LID and
Roadway
improvement
M3Q |Marysville Project 4/30/18, 5/1/18| Ecology 2014 [ WWHM 2012 no No[ Yes 1.5 2 Gray and Osborne, Inc
M1C |Marysville Marysville 1st Street 4/30/18, 5/1/18| Ecology 2014 | WWHM 2012 no no| Yes 1.5 2 Gray and Osborne, Inc
MVS [Marysville Sonic Drive-In 4/30/18, 5/1/18 WWHM 2012 Yes No Yes 1.5 3.1
Tacoma
TWH |Tacoma Wilson High School 4/30/18| SWMM 2012 | WWHM 2012 |  Yes No| Yes 1.5 0.4[1.5 Sitts & Hill Engineers, Oct 2014
Tacoma
HSB |[Tacoma Homestreet Bank 4/30/18] SWMM 2016 | WWHM 2012 Yes No Yes 12 >1.5 PACE, Oct 17, 2016
Tacoma
PRS |Tacoma Proctor South 4/30/18] SWMM 2016 | WWHM 2012 Yes No Yes 1.5 BCRA, Oct 2016
Mary Lyon
MLE |Tacoma Elementary School 7/31/2018 WWHM 2012 AHBL, Oct 2017
PLT [Tacoma Prarie Line Trail 4/30/18 WWHM 2012 BCRA, June 2016
Happy Valley NE cell
BHV [Bellingham SD  |Elementary School 7/20/19 WWHM 2012 yes| is lined Freeland & Associates, May 2015
Anacortes High
AHS |Anacortes School 10/1/18 WWHM 2012
Fisher Elementary Ecology 2005,
FES [Lynden School 7/20/2018 2014 WWHM 2012 no no 3 271 Freeland and Associates
Lynden New Middle Ecology 2005,
LMS [Lynden School 7/20/2018 2014 WWHM 2012 no no 3 14.73 Freeland and Associates
3 cells with 3
Ecology 2005, different design
BCK [Bellingham Cornwall Kentucky 7/20/2018 2014 WWHM 2012 yes| no yes| 15 15 rates City of Bellingham Public Works
Islander Middle
IMS |Mercer Island School 8/15/2018 WWHM 2012 yes no yes LPD
BYS [Bellingham Yew St 7/20/2018 WWHM 2012
BHS |[Blaine Blaine High School 7/20/2018 WWHM 2012 yes Freeland and Associates
No -
but
design
include
sa
WWHM 2012,| rock- 6 biocells: Bio cell 2
Tumwater modeled not filled and 5 have the
DDECM 2010 using trench highest % imp; bio
Tumwater Middle and Ecology | bioretention | beneat cell 2: 1.7 iph; Bio
TWS |[Tumwater School 7/31/2018 2005 settings h BSM 3 1.5 cell 5: 2.0 iph BCRA
Tumwater
DDECM 2010
George Washington and Ecology
TBM |Tumwater Bush Middle School 7/31/2018 2005 WWHM 2012 No No No 1.5 0.9 BCRA
Park Place Middle Ecology 2005,
MPP [Monroe SD School 7/31/2018 2014 WWHM 2012 No No No 2 1.5 Harmsen
Snohomish
County
Salem Woods Drainage
SSW |Monroe SD Elementary School 7/31/2018| Manual 2016 | WWHM 2012 No No No 15 15 Harmsen
BLP |[Bellevue Lewis Creek Park 8/15/2018 Yes|r Fabric SvR Design
Wainwright
FWI |Tacoma SD Intermediate 8/15/2018| Ecology 2014 | WWHM 2012 Yes No Yes 15 1.5 AHBL
Shining Mountain
BSD |Bethel SD ES 8/15/2018 no yes
Bellingham
Columbia
BUW |Bellingham Neighborhood 9/28/2018|Ecology 2014 | WWHM2012 |Yes No Yes 12 1.75 0 PSE
RSH [Renton Renton 9/28/2018|Ecology 2014 WWHM4  |Yes No Yes 5 1.5 1.2 CH2MHILL




Site Information for Geotechnical Assessment
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Estimated
Explor |Inf Test [Hydr [BSM rate < |Constructi
Label [Jurisdiction Site Site Visit Date Geotech |CF Geology [ations [Type ogeo |Native iph |on Comments
3rd Street LID and Rec. OW
Roadway (per
improvement regional Shallow groundwater, less than 10 feet.
M3Q |Marysville Project 4/30/18, 5/1/18|PanGEO NA[ mapping) EB| grain size|A1 no 2017
Rec. OW
(per Shallow groundwater, less than 5 feet,
regional tidal influence
M1C [Marysville Marysville 1st Street 4/30/18, 5/1/18|PanGEO NA| mapping) EB| grain size|A1 no 2017
Rec. OW Infil. test
(per indicated
regional on plan Received plan set only. Seasonal high
MVS [Marysville Sonic Drive-In 4/30/18, 5/1/18|Unk unk| mapping) unk sheetlunk [unk 2017|GW depth ~5ft.
AESI
2000,
2004, Till/Adv. Underdrained. 2 inlets, only one shown
TWH (Tacoma Wilson High School 4/30/18(2014 None OW| EB, EP None(B2 no 2016]on plans.
Zipper None,
Geo "not None,
Associate |suitable "not
HSB |Tacoma Homestreet Bank 4/30/18(s, LLS. " Fill/Till EB| suitable"|B2 no 2017|Underdrained
GeoReso
urces
4/21/2016
(reference Not yet constructed at time of study.
d, not Geotech report not included in PDF
PRS |[Tacoma Proctor South 4/30/18| attached) unk Fill/Till unk unk|B2 no NA|attachments.
Mary Lyon GeoEngin Rec.
MLE [Tacoma Elementary School 7/31/2018|eers, Inc. 0.45]  OW?/Till EB PIT|B2 no NA|Not yet constructed at time of study.
PLT [Tacoma Prarie Line Trail 4/30/18|unk unk unk| unk unkfunk [unk 2017|Geotech report not included.
No - zero
field rate in
till; did not
Happy Valley Till over| test the Not suitable for flow monitoring; shallow
BHV [Bellingham SD Elementary School 7/20/19|Geotest NA| outwash| EB, EP PIT|B2 advance 2016|ground water - one cell lined.
Anacortes High
AHS |Anacortes School 10/1/18 AESI NA| hard silt| EB none|EX NA|Not yet constructed at time of study.
City conditioned the project to conduct
PIT at the time of construction; no
Rec documentation of test received. GW
Fisher Elementary outwash ATD 19 to 20' bgs; mottled at 1.5, 4.5 to
FES [Lynden School 7/20/2018|Geotest 0.252 (Sumas)| EB, EP] grain size|A1/A2|Yes 2018]5.5, not interpreted as gw per geotech.
Rec!
Lynden New Middle outwash
LMS [Lynden School 7/20/2018|Geotest 0.252| (Sumas)| EB, EP| grain size|A1/A2|Yes 2018|GW ATD 13 to 18' bgs; mottled at 10.5'.
2 cells in
GMD - no; 1
B'ham drift cell in fill - Cells "field fit", may differ from plans.
BCK |Bellingham Cornwall Kentucky 7/20/2018|MTC 0.18 and Fill HA| grain size|[EX  |possibly 2017|Overflow/underdrain present.
Qpvn at biocell #3, gw at ~10' in EB-7
ATD near Biocell #3; an MW was
pre- installed in the parking lot area. One
Islander Middle Vashon inlet not field located, may join other inlet
IMS  |Mercer Island School 8/15/2018|AESI NA| nonglacial EB none(F No 2016|(but plans show separate).
Adjacent to permeable pavement
sidewalk, likely recieves flow from
sidewalk base-course. No geotech
BYS [Bellingham Yew St 7/20/2018|unk unk fill unk unkfunk [unk 2016|report received.
Facility may not be complete - may be
waiting on landscapers. Recieved plan
BHS |[Blaine Blaine High School 7/20/2018|unk unk unk unk unk|unk |unk 2018|sheet only.
EB, Groundwater 10' bgs at time of report,
HA, monitoring ongoing. Groundwater TM
Tumwater Middle not direct calculated adjusted rates based on 1999
TWS |Tumwater School 7/31/2018|Landau stated]| Rec. OW| push| grain size|A1 No 2016|groundwater condition.
George Washington not shallow groundwater; high groundwater
TBM |Tumwater Bush Middle School 7/31/2018|Landau stated| Rec. OW EB| grain size|A1 No 2016|hazard area
Park Place Middle EP, IT, 2017 and|Two phases of construction - 1st set of
MPP [Monroe SD School 7/31/2018|AESI 0.4] Alluvium EB PIT|D1 No 2018|cell was 2017, second set was 2018
Salem Woods EP, IT, Only one inlet appears to be present,
SSW |Monroe SD Elementary School 7/31/2018|AESI 0.315| Rec. OW EB PIT|A1 no 2018|plans show two
BLP [Bellevue Lewis Creek Park 8/15/2018|unk unk unk unk unk|unk |unk 2017|Received plan sets only.
Cell 1 underlain by utility. Cell 2 has
some minor inflow from sheet flow. Cell
3 and 4 have infllow from 2 curb cuts
each. Cell 3 extends to include a narrow,
Wainwright .45, Rec. OW,, vegetated ditch (part of bioretention
FWI [Tacoma SD Intermediate 8/15/2018|AESI .045 till EP PIT|A2 no 2016|cell?)
Shining Mountain
BSD [Bethel SD ES 8/15/2018|unk unk unk unk unk|unk [unk 2012-2013|{No documents received.
Bellingham Fill, GMD
Columbia Element [not and grain
BUW [Bellingham Neighborhood 9/28/2018|solutions  [stated |outwash |EB, EP [size, PIT |E2 no 2016|Underdrained.
8 (or
RSH [Renton Renton 9/28/2018(CH2MHILL0.125) |[fill/ rec OW (EB, EP |PIT A3 no 2017|Underdrained, through orifice.
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PROFESSIONAL SERVICES AGREEMENT
FOR
STORMWATER MANAGEMENT SERVICES

This Professional Services Agreement ("Agreement") is effective as of the date of the last
authorizing signature affixed hereto. The parties ("Parties") to this Agreement are the City of Olympia, a
Washington municipal corporation ("City"), and Clear Creek Solutions, Inc., a Washington corporation
("Contractor").

A. The City seeks the temporary professional services of a skilled independent contractor

capable of working without direct supervision, in the capacity of stormwater treatment investigations;
and

B. The Contractor has the requisite skill and experience necessary to provide such services.
NOW, THEREFORE, the Parties agree as follows:

1. Services.

Contractor shall provide the services more specifically described in Exhibit "A,” attached hereto
and incorporated by this reference ("Services"), in a manner consistent with the accepted practices for
other similar services, and when and as specified by the City’s representative.

2. Term.

The term of this Agreement shall commence upon the effective date of this Agreement and shall
continue until the completion of the Services, but in any event no later than January 1, 2020 ("Term").
This Agreement may be extended for additional periods of time upon the mutual written agreement of
the City and the Contractor.

3. Termination.

Prior to the expiration of the Term, this Agreement may be terminated immediately, with or
without cause by the City.

4, Compensation.

A, Total Compensation. In consideration of the Contractor performing the Services, the
City agrees to pay the Contractor an amount not to exceed Five Hundred Twenty-Six Thousand, Twenty-
Six and No/100 Dollars ($526,026) as described in Exhibit “B”.

B. Method of Payment. Payment by the City for the Services will only be made after the
Services have been performed, a voucher or invoice is submitted in the form specified by the City, which
invoice shall specifically describe the Services performed, the name of Contractor's personnel
performing such Services, the hourly labor charge rate for such personnel, and the same is approved by
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the appropriate City representative. Payment shall be made on a monthly basis, thirty (30) days after
receipt of such voucher or invoice.

C. Contractor Re Taxes. The Contractor shall be solely responsible for the
payment of any taxes imposed by any lawful jurisdiction as a result of the performance and payment of
this Agreement.

Contractor shall comply with and perform the Services in accordance with all applicable federal,
state, and City laws including, without limitation, all City codes, ordinances, resolutions, standards and
policies, as now existing or hereafter adopted or amended.

6. Assurances.

The Contractor affirms that it has the requisite training, skill and experience necessary to
provide the Services and is appropriately accredited and licensed by all applicable agencies and
governmental entities, including but not limited to being registered to do business in the City of Olympia
by obtaining a City of Olympia business registration.

7.

It is the intention and understanding of the Parties that the Contractor is an independent
contractor and that the City shall be neither liable nor obligated to pay Contractor sick leave, vacation
pay or any other benefit of employment, nor to pay any social security or other tax which may arise as
an incident of employment. The Contractor shall pay all income and other taxes due. Industrial or any
other insurance that is purchased for the benefit of the City, regardless of whether such may provide a
secondary or incidental benefit to the Contractor, shall not be deemed to convert this Agreement to an
employment contract. It is recognized that Contractor may be performing professional services during
the Term for other parties; provided, however, that such performance of other services shall not conflict
with or interfere with Contractor's ability to perform the Services. Contractor agrees to resolve any such
conflicts of interest in favor of the City.

A. In all Contractor services, programs or activities, and all Contractor hiring and
employment made possible by or resulting from this Agreement, there shall be no unlawful
discrimination by Contractor or by Contractor's employees, agents, subcontractors or representatives
against any person based on any legally protected class status including but not limited to: sex, age
(except minimum age and retirement provisions), race, color, religion, creed, national origin, marital
status, veteran status, sexual orientation, gender identity, genetic information or the presence of any
disability, including sensory, mental or physical handicaps; provided, however, that the prohibition
against discrimination in employment because of disability shall not apply if the particular disability
prevents the performance of the essential functions required of the position.

This requirement shall apply, but not be limited to the following: employment, advertising,
layoff or termination, rates of pay or other forms of compensation, and selection for training, including
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apprenticeship. Contractor shall not violate any of the terms of Chapter 49.60 RCW, Title VIl of the Civil
Rights Act of 1964, the Americans with Disabilities Act, Section 504 of the Rehabilitation Act of 1973 or
any other applicable federal, state or local law or regulation regarding non-discrimination. Any material
violation of this provision shall be grounds for termination of this Agreement by the City and, in the case
of the Contractor's breach, may result in ineligibility for further City agreements.

B. In the event of Contractor’s noncompliance or refusal to comply with the above
nondiscrimination plan, this Contract may be rescinded, canceled, or terminated in whole or in part, and
the Contractor may be declared ineligible for further contracts with the City. The Contractor, shall,
however, be given a reasonable time in which to correct this noncompliance.

C. To assist the City in determining compliance with the foregoing nondiscrimination
requirements, Contractor must complete and return the Statement of Compliance with Non-
Discrimination attached as Exhibit C. If the contract amount is $50,000 or more, the Contractor shall
execute the attached Equal Benefits Declaration - Exhibit D.

9.

Contractor agrees not to disclose any information and/or documentation obtained by
Contractor in performance of this Agreement that has been expressly declared confidential by the City.
Breach of confidentiality by the Contractor will be grounds for immediate termination.

10.

A. . Contractor shall defend, indemnify and hold the City,
its officers, officials, employees and volunteers harmless from any and all claims, injuries, damages,
losses or suits including attorney fees, arising out of or resulting from the acts, errors or omissions of the
Contractor in performance of this Agreement, except for injuries and damages caused by the sole
negligence of the City.

Should a court of competent jurisdiction determine that this Agreement is subject to RCW
4.24.115, then, in the event of liability for damages arising out of bodily injury to persons or damages to
property caused by or resulting from the concurrent negligence of the Contractor and the City, its
officers, officials, employees, and volunteers, the Contractor's liability, including the duty and cost to
defend, hereunder shall be only to the extent of the Contractor's negligence. It is further specifically
and expressly understood that the indemnification provided herein constitutes the Contractor's waiver
of immunity under Industrial Insurance, Title 51 RCW, solely for the purposes of this indemnification.
This waiver has been mutually negotiated by the parties. The provisions of this section shall survive the
expiration or termination of this Agreement.

B. . The Contractor shall procure and maintain for the duration of the
Agreement, insurance against claims for injuries to persons or damage to property which may arise from
or in connection with the performance of the work hereunder by the Contractor, its agents,
representatives, or employees.
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C. No Limitation. Contractor’s maintenance of insurance as required by the agreement
shall not be construed to limit the liability of the Contractor to the coverage provided by such insurance,
or otherwise limit the City’s recourse to any remedy available at law or in equity.

D. rance. Contractor shall obtain insurance of the types described
below:

1. Automobile Liability insurance covering all owned, non-owned, hired and leased
vehicles. Coverage shall be at least as broad as I1SO occurrence form (ISO) form CA0OO Ol ora
substitute form providing equivalent liability coverage. If necessary, the policy shall be
endorsed to provide contractual liability coverage.

2. Commercial General Liability insurance shall be at least as broad as ISO
occurrence form CG 00 01 and shall cover liability arising from premises, operations,
independent contractors, stop gap liability, personal injury and advertising injury. The City shall
be named as an additional insured under the Contractor’s Commercial General Liability
insurance policy with respect to the work performed for the City using an additional insured
endorsement at least as broad as I1SO CG 20 26.

3. Workers’ Compensation coverage as required by the Industrial Insurance laws of
the State of Washington.

4, Professional Liability insurance appropriate to the Contractor’s profession
E. Insurance. Contractor shall maintain the following insurance
limits
1. Automobile Liability insurance with a minimum combined single limit for bodily

injury and property damage of $1,000,000 per accident.

2. Commercial General Liability insurance shall be written with limits no less than
$1,000,000 each occurrence, $2,000,000 general aggregate.

3. Professional Liability insurance shall be written with limits no less than
$1,000,000 per claim and $1,000,000 policy aggregate limit.

F. Other Insurance Provisions. The Contractor’s Automobile Liability and Commercial
General Liability insurance policies are to contain, or be endorsed to contain that they shall be primary
insurance as respect the City. Any Insurance, self-insurance, or insurance pool coverage maintained by
the City shall be excess of the Contractor’s insurance and shall not contribute with it.

G. . Insurance is to be placed with insurers with a current AM.
Best rating of not less than A:VII.

H. . Contractor shall furnish the City with original certificates and a
copy of the amendatory endorsements, including but not necessarily limited to the additional insured

PROFESSIONAL SERVICES AGREEMENT/Clear Creek Solutions, Inc.- Page 4



endorsement, evidencing the insurance requirements of the Contractor before commencement of the
work.

l. Notice of Cancellation. The Contractor shall provide the City with written notice of any
policy cancellation, within two (2) business days of their receipt of such notice.

J. Failure to Maintain Insurance. Failure on the part of the Contractor to maintain the
insurance as required shall constitute a material breach of contract, upon which the City may, after
giving five (5) business days’ notice to the Contractor to correct the breach, immediately terminate the
contract or, at its discretion, procure or renew such insurance and pay any and all premiums in
connection therewith, with any sums so expended to be repaid to the City on demand, or at the sole
discretion of the City, offset against funds due the Contractor from the City.

K. . If the Contractor maintains higher insurance
limits than the minimums shown above, the City shall be insured for the full available limits of
Commercial General and Excess or Umbrella liability maintained by the Contractor, irrespective of
whether such limits maintained by the Contractor are greater than those required by this contract or
any certificate of insurance furnished to the City evidences limits of liability lower than those maintained
by the Contractor.

11. Work Product.

Any deliverables identified in the Scope of Work or otherwise identified in writing by the City
that are produced by Contractor in performing the Services under this Agreement and which are
delivered to the City shall belong to the City. Any such work product shall be delivered to the City by
Contractor at the termination or cancellation date of this Agreement, or as soon thereafter as possible
All other documents are owned by the Contractor.

12, Treatment of Assets.
A, Title to all property furnished by the City shall remain in the name of the City
B. Title to all nonexpendable personal property and all real property purchased by the

Contractor, the cost of which the Contractor is entitled to be reimbursed as a direct item of cost under
this Contract, shall pass to and vest in the City, or if appropriate, the state or federal department
supplying funds therefor, upon delivery of such property by the vendor. If the Contractor elects to
capitalize and depreciate such nonexpendable personal property in lieu of claiming the acquisition cost
as a direct item of cost, title to such property shall remain with the Contractor. An election to capitalize
and depreciate or claim acquisition cost as a direct item of cost shall be irrevocable.

C. Nonexpendable personal property purchased by the Contractor under the terms of this
Contract in which title is vested in the City shall not be rented, loaned or otherwise passed to any
person, partnership, corporation/association or organization without the prior expressed written
approval of the City or its authorized representative, and such property shall, unless otherwise provided
herein or approved by the City or its authorized representative, be used only for the performance of this
Contract.
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D. As a condition precedent to reimbursement for the purchase of nonexpendable
personal property, title to which shall vest in the City, the Contractor agrees to execute such security
agreements and other documents as shall be necessary for the City to perfect its interest in such
property in accordance with the "Uniform Commercial Code--Secured Transactions" as codified in Article
9 of Title 62A, the Revised Code of Washington.

E. The Contractor shall be responsible for any loss or damage to the property of the City
including expenses entered thereunto which results from negligence, willful misconduct, or lack of good
faith on the part of the Contractor, or which results from the failure on the part of the Contractor to
maintain and administer in accordance with sound management practices that property, to ensure that
the property will be returned to the City in like condition to that in which it was furnished or purchased,
fair wear and tear excepted.

F. Upon the happening of loss or destruction of, or damage to, any City property, the
Contractor shall notify the City or its authorized representative and shall take all reasonable steps to
protect that property from further damage.

G. The Contractor shall surrender to the City all property of the City within thirty (30) days
after rescission, termination or completion of this Contract unless otherwise mutually agreed upon by
the parties.

13, Books and Records.

The Contractor agrees to maintain books, records, and documents which sufficiently and
properly reflect all direct and indirect costs related to the performance of the Services and maintain
such accounting procedures and practices as may be deemed necessary by the City to assure proper
accounting of alt funds paid pursuant to this Agreement. These records shall be subject, at all
reasonable times, to inspection, review or audit by the City, its authorized representative, the State
Auditor, or other governmental officials authorized by law to monitor this Agreement.

Records owned, used, or retained by the City that meet the definition of a “public record”
pursuant to RCW 42.56.010 are subject to disclosure under Washington’s Public Records Act. Should the
Contractor fail to provide records created or used by Contractor in its work for the City within ten (10)
days of the City’s request for such records, Contractor shall indemnify, defend, and hold the City
harmless for any public records judgment, including costs and attorney’s fees, against the City involving
such withheld records.

14.

If sufficient funds are not appropriated or allocated for payment under this Agreement for any
future fiscal period, the City will not be obligated to continue the Agreement after the end of the current
fiscal period, and this Agreement will automatically terminate upon the completion of all remaining
Services for which funds are allocated. No penalty or expense shall accrue to the City in the event this
provision applies.
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15. General Provisions.

A. . This Agreement contains all of the agreements of the Parties with
respect to any matter covered or mentioned in this Agreement and no prior agreements shall be
effective for any purpose.

B. Modification. No provision of this Agreement, including this provision, may be amended
or modified except by written agreement signed by the Parties.

C. . Any provision of this Agreement that is declared
invalid or illegal shall in no way affect or invalidate any other provision hereof and such other provisions
shall remain in full force and effect. Further, if it should appear that any provision hereof is in conflict
with any statutory provision of the State of Washington, the provision appears to conflict therewith shall
be deemed inoperative and null and void insofar as it may be in conflict therewith, and shall be deemed
modified to conform to such statutory provision.

D. . Neither the Contractor nor the City shall have the right to transfer or
assign, in whole or in part, any or all of its obligations and rights hereunder without the prior written
consent of the other Party.

1. If the Contractor desires to assign this Contract or subcontract any of its work
hereunder, the Contractor shall submit a written request to the City for approval not less than
fifteen (15) days prior to the commencement date of any proposed assignment or subcontract

2. Ahy work or services assigned or subcontracted for hereunder shall be subject
to each provision of this Contract.

3. Any technical/professional service subcontract not listed in this Contract, which
is to be charged to the Contract, must have prior written approval by the City.

4, The City reserves the right to inspect any assignment or subcontract document.

E. Successor . Subject to the foregoing Subsection, the rights and obligations of
the Parties shall inure to the benefit of and be binding upon their respective successors in interest, heirs
and assigns.

F A Fees. In the event either of the Parties defaults on the performance of any
term of this Agreement or either Party places the enforcement of this Agreement in the hands of an
attorney, or files a lawsuit, the prevailing party shall be entitled to its reasonable attorneys’ fees, costs
and expenses to be paid by the other Party.

G. . Failure or delay of the City to declare any breach or default immediately
upon occurrence shall not waive such breach or default. Failure of the City to declare one breach or
default does not act as a waiver of the City's right to declare another breach or default.

H. . This Agreement shall be made in and shall be governed by and
interpreted in accordance with the laws of the State of Washington.
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l. . Each individual executing this Agreement on behalf of the City and
Contractor represents and warrants that such individuals are duly authorized to execute and deliver this
Agreement on behalf of the Contractor or the City.

J. . Any notices required to be given by the Parties shall be delivered at the
addresses set forth below. Any notices may be delivered personally to the addressee of the notice or
may be deposited in the United States mail, postage prepaid, to the address set forth below. Any notice
so posted in the United States mail shall be deemed received three (3) days after the date of mailing.

K. . The respective captions of the Sections of this Agreement are inserted for
convenience of reference only and shall not be deemed to modify or otherwise affect any of the
provisions of this Agreement.

L. Performance. Time is of the essence in performance of this Agreement and each and all
of its provisions in which performance is a factor. Adherence to completion dates set forth in the
description of the Services is essential to the Contractor's performance of this Agreement.

M. Remedie . Any remedies provided for under the terms of this Agreement
are not intended to be exclusive, but shall be cumulative with all other remedies available to the City at
law, in equity or by statute.

N. . This Agreement may be executed in any number of counterparts, which
counterparts shall collectively constitute the entire Agreement.

0. . The parties have participated and had an equal opportunity
to participate in the drafting of this Agreement, and the Exhibits, if any, attached. No ambiguity shall be
construed against any party upon a claim that that party drafted the ambiguous language.

P. Venue. All lawsuits or other legal actions whatsoever with regard to this agreement
shall be brought in Thurston County, Washington, Superior Court.

Q. . Any work performed prior to the effective date that falls within the scope
of this Agreement and is consistent with its terms is hereby ratified and confirmed.

R.

1. By signing the agreement below, the Contractor certifies to the best of its
knowledge and belief, that it and its principals:

a. Are not presently debarred, suspended, proposed for debarment, declared
ineligible, or voluntarily excluded from covered transactions by any federal department
or agency;

b. Have not within a three-year period preceding this proposal been convicted of or
had a civil judgment rendered against them for commission or fraud or a criminal
offense in connection with obtaining, attempting to obtain, or performing a public
(federal, state, or local) transaction or contract under a public transaction; violation of

PROFESSIONAL SERVICES AGREEMENT/Clear Creek Solutions, Inc.—- Page 8



federal or state antitrust statutes or commission of embezzlement, theft, forgery,
bribery, falsification or destruction of records, making false statements, or receiving
stolen property;

c. Are not presently indicted for or otherwise criminally or civilly charged by a
governmental entity (federal, state, or local) with commission of any of the offenses
enumerated in paragraph 1.b. of this certification; and

d. Have not within a three (3) year period preceding this application/proposal had
one or more public transactions {federal, state, or local) terminated for cause or default.

2. Where the Contractor is unable to certify to any of the statements in this
certification, such Contractor shall attach an explanation to this proposal.

S. Early Retirement from the State of Washington- Certification. By signing this form, you
certify that no ane being directly compensated for their services pursuant to this Agreement has retired
from the Washington State Retirement System using the 2008 Early Retirement Factors with restrictions
on returning to work.

By:
Steven Hatl;
P.0O. Box 1967

Olympia WA 98507-1967 // ‘
Date of Signhature: ?2 . /‘J/7

APPROVED AS TO FORM:

WA

City Attorney

| certify that | am authorized to execute this contract on behalf of the Contractor.

CLEAR C SOLUTIONS, INC.

Mill Creek, WA 98012

(425) 225-5997 ;
Date of Signature: (’97////?0/ 7
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EXHIBIT A

CLEAR CREEK SOLUTIONS, INC.
Bioretention Hydrologic Performance (BHP) Study Il - Monitoring Facilities Designed

Using the 2012 Ecology SWM Manual

Scope of Work

Task 1 Project Management ($16,240 November 2017 — December 2019)

1. Prepare consultant contract scopes and contracting.
This task will involve conducting the process to procure and manage consultant services
for the project.

2. Prepare quarterly progress reports.
This task will involve completing reporting responsibilities to Ecology.

3. Coordinate communication with Ecology and partner jurisdictions and consultants.
This task is to communicate with jurisdictions and consultants related to administration
of the contract.

Deliverable 1.1: Document contracting, coordination with team, and communications via
quarterly progress report by City of Olympia with consultant support.

Task 2 Prepare Site Selection Criteria and Conduct Selection Process
(54,540 November 2017 — January 2018)

1. Develop site selection criteria checklist.
This task will be to update the existing site selection criteria checklist in coordination
with Ecology staff, consultants, and participating jurisdiction partners.

Deliverable 2.1: Site selection criteria checklist submitted to Ecology. Target date:
December 2017.

2. Communicate selection criteria to partners; receive and organize candidate sites; visit
sites.
This task will involve communicating with the individual partners submitting candidate
sites; collecting and evaluating background engineering and construction data; visiting
candidate sites to conduct the on-site selection checklist, scoring the complete list of



candidate sites and making selections of sites to be monitored. Nominal goals are to
identify up to 20 candidate sites and select up to ten sites to be monitored for five
months.

Deliverable 2.2: Summary of results of site evaluation and list of final sites submitted to
Ecology. Target date: January 2018.

3. Write report on the site selection process and results including sections on: site
selection criteria, candidate sites, site visit checklist results, scoring results, and
proposed list of sites to be monitored.

Deliverable 2.3: Report on the site selection process submitted to Ecology. Target date:
January 2018.

Task 3 Update Quality Assurance Proiect Plan (QAPP) ($4,600 November 2017 — February
2018)

1. Update the QAPP used for phase | of the BHP Study for all sites and overall project
analysis. The revised QAPP will follow Ecology’s Guidelines and Specifications for
Preparing Quality Assurance Project Plans for Environmental Studies, February 2001
(Ecology Publication No. 01-03-003). The revised QAPP will be submitted to the
Department of Ecology with time for revision, comment and approval.

Deliverable 3.1: BHP Study Il draft QAPP for all sites addressing monitoring methods and
analysis delivered to Ecology. Target date: January 2018.

2. Respond to Ecology’s and other technical reviewers’ comments and finalize QAPP and
Phase Il scope.

Deliverable 3.2: Final QAPP delivered to Ecology. Target date: February 2018

Downloadin nical Me ($270,865, January - June 2018)

1. Based upon the QAPP, select and procure monitoring equipment capable of meeting the
requirements of this study. Utilize existing equipment where possible if it meets the



study requirements and objectives.

Deliverable 4.1: Proposed equipment list and approximate cost. Target Date: January 2018.
Deliverable 4.2: Proposed purchase plan meeting State open bidding and procurement
processes where applicable. Target Date: January 2018. CITY OF OLYMPIA task.

Deliverable 4.3: Documentation of bidding process showing the bid selection and reasoning
for any deviation from use of the lowest responsible bidder. Target Date: February 2018.
CITY OF OLYMPIA task.

Deliverable 4.4: Invoice and receipt of procured equipment. Target Date: February 2018.
CITY OF OLYMPIA task.

2. Based upon the QAPP, testing of the sites shall be conducted to provide the information
necessary to meet the goals of this study. This includes but is not limited to:

a) Geotechnical/soils design and current conditions, infiltration tests
b) Review of facility hydrologic design and current conditions
c) Sampling and analysis of vegetation design and current condition

Deliverable 4.5: Testing and memo report on geotechnical review with attached individual
facility site testing reports. Target Date: March 2018.

Deliverable 4.6: Review and memo report on hydrologic design review with individual
reports for each facility. Target Date: March 2018.

Deliverable 4.7: Sampling and memo report on vegetative investigations with individual
reports for each facility. Target Date: March 2018.

3. Equipment shall be installed in conformance with the QAPP to provide monitoring at up
to ten bioretention stormwater celis for up to five months. Monitoring of facility
performance shall include:

a) Rainfall, continuous

b) Temperature, continuous

¢) Evapotranspiration factors, calculated

d) Groundwater elevation, observation

e) Water input to the facility, continuous

f)  Water output from the facility, observation or continuous — by facility

Completed Monitoring Installation: Target Date: February 2018.

Deliverable 4.8: Monitoring quarterly report section: A monitoring section of the quarterly
reports (Deliverable 1.1) will be included once monitoring begins to summarize the status of
flow, rainfall and soil monitoring. Information provided will include the number of



monitoring events and sites, relevant issues with monitoring, reasons why events were
missed, and electronic spreadsheet of raw data files. Target Date: Quarterly 2018-2019.

(544,280, July - December 2018)

This task consists of maintaining, managing and utilizing data from the study to provide
relevant information on the hydrologic function of bioretention facilities. Analysis of the
individual facilities should be used to inform and support conclusions for the design, use,
and hydrologic performance of bioretention facilities on a wide scale for Western
Washington. )

Deliverable 5.1: Meeting with Stormwater Work Group members, Ecology staff and City of
Olympia staff to discuss results of monitoring, adequacy of data set and next steps for
analysis. Target Date: September 2018 or as determined by Ecology.

Deliverable 5.2: Provide technical memo summarizing the development of models for each
bioretention based on as-built construction, confirmed drainage area and site field
conditions (depth of soil mix, groundwater, native soil infiltration, etc.). The memo will also
propose analysis framework and endpoints. Target Date: September 2018 or as
determined by Ecology.

Deliverable 5.3: As-Built WWHM2012 (or agreed upon newer version) model of each
bioretention facility in the study. Target Date: September 2018.

Deliverable 5.4: Technical memo on the conclusions of the study for review and comments
prior to creation of final report. This should include:

Issues with existing designs or construction practices

e Recommendations for bioretention designs and design methodologies
Recommendations for revised construction practices
Development of an anticipated hydrologic performance matrix based on multiple

variables of design, soils, vegetation, etc. Target Date: November 2018.

Deliverable 5.5: Meeting with Stormwater Work Group members, Ecology staff and City of
Olympia staff to discuss Technical Memo and provide feedback prior to final reporting.
Target Date: December 2018 or as determined by Ecology.

Task 6 Final Renort and Findings Communication ($87,680, January — December 2019)

This task is the provision of a final report that provides information on the totality of this
project. This task has added conducting county-based presentations for counties and their
associated cities throughout the sampling area. The final report will at a minimum contain
the following:



e Design study goals
e Selections process

e A synopsis of the QAPP along with information on any necessary deviations from the
proposed plan

e Study results from the monitoring with explanation of any uncharacteristic or any
unexpected results

e Site information for each of the facilities with location and photo. The information
should include at a minimum: design performance versus actual performance,
deviations between design and construction that led to the differential

e Final recommendations from the technical memo and meetings in Task 5.

Deliverable 6.1: Electronic Draft Final Report for review and comments by Ecology, City
of Olympia and SWG. Target Date February 2019.

Deliverable 6.2: Presentation to the SWG. Target Date March 2019.

Deliverable 6.3: Three printed copies of Final Report, one electronic version of Final
Report plus all data files, reports and miscellaneous data relevant to the project. Target
Date May 2019.

Deliverable 6.4;: Communication flyer and fact sheet for SAM Communications and
website. Target Date: June 2019.

Deliverable 6.5: Conduct a “road show” presenting results for counties and associated
cities in each county. Target Date: September 2019.

End of Exhibit A



Exhibit B

CLEAR CREEK SOLUTIONS, INC.
Bioretention Hydrologic Performance (BHP) Study Il - Monitoring Facilities Designed

Using the 2012 Ecology SWM Manual

Project Budget and Schedule

A summary of the project task budgets and schedule is as follows (see above for greater detail).

The project costs are based on an even finer resolution breakdown of each task in a detailed

costing spreadsheet (not presented here but available):

Task

Task 1. Project Management

Task 2 Prepare Site Selection Criteria and
Conduct Selection Process

Task 3 Update Quality Assurance Project
Plan (QAPP)

Task 4 Monitoring Implementation; Site
Sampling, Monitoring Installation, and
Downloading; Multiple Discipline
Technical Memo Summaries

Task 5 Data Analysis, Modeling, and
Technical Memos

Task 6 Final Report and Findings
Communication

Total Project Cost
10% Contingency

Total Project Cost w/Contingency

Budget Schedule
$16,240 November 2017 — December 2019
$54,540 November 2017 — January 2018
$4,600 November 2017 — February 2018
$270,865 (includes January 2018 — June 2018

equipment cost of
$9,993 and ODCs of

$16,214)

$44,280 July — December 2018
$87,680 January — December 2019
$478,205 November 2017 — December 2019
$47,821

$526,026

Total project costs are $526,026. This includes hourly labor costs, travel, supplies, lab analysis

and 10% contingency.



Exhibit C
STATEMENT OF COMPLIANCE WITH NON-DISCRIMINATION REQUIREMENT

The Olympia City Council has made compliance with the City’s Non-Discrimination in Delivery of City Services
or Resources ordinance {OMC 1,24) a high priority, whether services are provided by City employees or
through contract with other entities. It is important that all contract agencies or vendors and their
employees understand and carry out the City’s non-discrimination policy. Accordingly, each City contract for
services contains language that requires an agency or vendor to agree that it shall not unlawfully discriminate
against an employee or client based on any legally protected status, which includes but is not limited to:
race, creed, religion, color, national origin, age, sex, marital status, veteran status, sexual orientation, gender
identity, genetic information, or the presence of any disability. Indicate below the methods you will employ
to ensure that this policy is communicated to your employees, if applicable.

C(.ca’ Crecle. Soludims . Te. affirms compliance with the City of Olympia’s non-

discrimination ordinance and contract provisions. Please checl all that apply:

Non-discrimination provisions are posted on printed material with broad distribution (newsletters,
brochures, etc.).

What type, and how often? __ o N
Non-discrimination provisions are posted on applications for service.
Non-discrimination provisions are posted on the agency’s web site.
Non-discrimination provisions are included in human resource materials provided to job applicants
and new employees.

Non-discrimination provisions are shared during meetings.

What type of meeting, and how often?
If, in addition to two of the abave methods, you use sse other methods of providing notice of non-
discrimination, please list:

O X O

0

] If the above are not applicable to the contract agency or vendor, please check here and sign below to
verify that you will comply with the City of Olympia’s non-discrimination ordinance.

Failure to implement the measures specified above or to comply with the City of Olympia’s non-
discrimination ordinance constitutes a breach of contract

- 2/t /m7

(Date)

(Eiéntur

Print Name Gk-R&rson Signi@)

" Alternative Section for Sole Proprietor: | am a sole_proprietor and have reviewed the statement above. | \
i agree not to discriminate against any client, or any future employees, based on any legally protected status.

- — - ? |
(Sole Propnetor S|gnature) (Date) _ |
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Exhibit D
EQUAL BENEFITS COMPLIANCE DECLARATION

Contractors on City contracts estimated to cost $50,000 or more shall comply with the City of Olympia
Municipal Code, Chapter 3.18. This provision requires that if contractors provide benefits, they do so
without discrimination based on age, sex, race, creed, color, sexual orientation, national origin, or the
presence of any physical, mental or sensory disability, or because of any other status protected from
discrimination by law. Contractors must have policies in place prohibiting such discrimination, prior to
contracting with the City.

| declare that the Contractor listed below complies with the City of Olympia Equal Benefits Ordinance,
that the information provided on this form is true and correct, and that | am legally authorized to bind
the Contractor.

Contractor Name
’/

el Ewc.m o

Nam&(g’;ase pri

Title

PROFESSIONAL SERVICES AGREEMENT/Clear Creek Solutions, Inc.— Page 11



Appendix C

Glossary, Acronyms, and Abbreviations



Appendix C -- Glossary, Acronyms, and Abbreviations

Quality Assurance Glossary

Accreditation - A certification process for laboratories, designed to evaluate and document a
lab’s ability to perform analytical methods and produce acceptable data. For Ecology, it is
“Formal recognition by (Ecology)...that an environmental laboratory is capable of producing
accurate analytical data.” [WAC 173-50-040] (Kammin, 2010)

Accuracy - the degree to which a measured value agrees with the true value of the measured
property. USEPA recommends that this term not be used, and that the terms precision and bias
be used to convey the information associated with the term accuracy. (USGS, 1998)

Bias - The difference between the population mean and the true value. Bias usually describes
a systematic difference reproducible over time, and is characteristic of both the measurement
system, and the analyte(s) being measured. Bias is a commonly used data quality indicator
(DQI). (Kammin, 2010; Ecology, 2004)

Comparability - The degree to which different methods, data sets and/or decisions agree or
can be represented as similar; a data quality indicator. (USEPA, 1997)

Completeness - The amount of valid data obtained from a project compared to the planned
amount. Usually expressed as a percentage. A data quality indicator. (USEPA, 1997)

Continuing Calibration Verification Standard (CCV) - A QC sample analyzed with
samples to check for acceptable bias in the measurement system. The CCV is usually a
midpoint calibration standard that is re-run at an established frequency during the course of
an analytical run (Kammin, 2010).

Dataset - A grouping of samples organized by date, time, analyte, etc. (Kammin, 2010).

Data validation - An analyte-specific and sample-specific process that extends the evaluation
of data beyond data verification to determine the usability of a specific data set. It involves a
detailed examination of the data package, using both professional judgment, and objective
criteria, to determine whether the MQOs for precision, bias, and sensitivity have been met. It
may also include an assessment of completeness, representativeness, comparability and
integrity, as these criteria relate to the usability of the dataset. Ecology considers four key
criteria to determine if data validation has actually occurred. These are:

e Use of raw or instrument data for evaluation
Use of third-party assessors
Dataset is complex
Use of EPA Functional Guidelines or equivalent for review

Examples of data types commonly validated would be:
e (Gas Chromatography (GC)



e Gas Chromatography-Mass Spectrometry (GC-MS)
¢ Inductively Coupled Plasma (ICP)

The end result of a formal validation process is a determination of usability that assigns
qualifiers to indicate usability status for every measurement result. These qualifiers include:
e No qualifier, data is usable for intended purposes
e J (or al variant), data is estimated, may be usable, may be biased high or low

e REJ, data is rejected, cannot be used for intended purposes (Kammin, 2010;
Ecology, 2004)

Data verification - Examination of a dataset for errors or omissions, and assessment of the
Data Quality Indicators related to that dataset for compliance with acceptance criteria
(MQQ’s).

Verification is a detailed quality review of a dataset. (Ecology, 2004)

Detection limit (limit of detection) - The concentration or amount of an analyte which can be
determined to a specified level of certainty to be greater than zero. (Ecology, 2004)

Measurement Quality Objectives (MQOs) - Performance or acceptance criteria for
individual data quality indicators, usually including precision, bias, sensitivity, completeness,
comparability, and representativeness. (USEPA, 2006)

Method - A formalized group of procedures and techniques for performing an activity (e.g.,
sampling, chemical analysis, data analysis), systematically presented in the order in which they
are to be executed. (EPA, 1997)

Method Detection Limit (MDL) - This definition for detection was first formally advanced in
40CFR 136, October 26, 1984 edition. MDL is defined there as the minimum concentration of
an analyte that, in a given matrix and with a specific method, has a 99% probability of being
identified, and reported to be greater than zero. (Federal Register, October 26, 1984)

Parameter - A specified characteristic of a population or sample. Also, an analyte or
grouping of analytes. Benzene and nitrate + nitrite are all “parameters” (Kammin, 2010;
Ecology, 2004)

Population - The hypothetical set of all possible observations of the type being investigated.
(Ecology, 2004)

Precision - The extent of random variability among replicate measurements of the same
property; a data quality indicator. (USGS, 1998)

Quality Assurance (QA) - A set of activities designed to establish and document the
reliability and usability of measurement data. (Kammin, 2010)

Quality Assurance Project Plan (QAPP) - A document that describes the objectives of a
project, and the processes and activities necessary to develop data that will support those



objectives. (Kammin, 2010; Ecology, 2004)

Quality Control (QC) - The routine application of measurement and statistical procedures to
assess the accuracy of measurement data. (Ecology, 2004)

Representativeness - The degree to which a sample reflects the population from which it is
taken; a data quality indicator. (USGS, 1998)

Sample (field) — A portion of a population (environmental entity) that is measured and
assumed to represent the entire population. (USGS, 1998)

Sensitivity - In general, denotes the rate at which the analytical response (e.g., absorbance,
volume, meter reading) varies with the concentration of the parameter being determined. In a
specialized sense, it has the same meaning as the detection limit. (Ecology, 2004)

Standard Operating Procedure (SOP) — A document which describes in detail a

reproducible and repeatable organized activity. (Kammin, 2010)

References

Ecology, 2004. Guidance for the Preparation of Quality Assurance Project Plans for
Environmental Studies. http://www.ecy.wa.gov/biblio/0403030.html

USEPA, 1997. Glossary of Quality Assurance Terms and Related Acronyms.
http://www.ecy.wa.gov/programs/eap/qa.html

USEPA, 2006. Guidance on Systematic Planning Using the Data Quality Objectives Process
EPA QA/G-4. http://www.epa.gov/quality/gs-docs/g4-final.pdf

Kammin, 2010. Definition developed or extensively edited by William Kammin, 2010.

USGS, 1998. Principles and Practices for Quality Assurance and Quality Control. Open-File
Report 98-636. http://ma.water.usgs.gov/thwa/products/ofr98-636.pdf

Glossary — General Terms

Parameter: A physical chemical or biological property whose values determine
environmental characteristics or behavior.

Pathogen: Disease-causing microorganisms such as bacteria, protozoa, viruses.
Stormwater: The portion of precipitation that does not naturally percolate into the ground or

evaporate but instead runs off roads, pavement, and roofs during rainfall or snow melt.
Stormwater can also come from hard or saturated grass surfaces such as lawns, pastures,



playfields, and from gravel roads and parking lots.

Streamflow: Discharge of water in a surface stream (river or creek).

Acronyms and Abbreviations

Following are acronyms and abbreviations used frequently in this

report.

Ecology Washington State Department of Ecology

et al. And others

MQO Measurement quality objective

NPDES (See Glossary above)

QA Quality assurance

RM River mile

SOP Standard operating procedures

SWMMWW  Stormwater Management Manual for Western
Washington

Units of Measurement

°C degrees centigrade

cfs cubic feet per second

cms cubic meters per second, a unit of flow.

dw dry weight

ft feet

g gram, a unit of mass

kefs 1000 cubic feet per second

kg kilograms, a unit of mass equal to 1,000 grams.

kg/d kilograms per day

km kilometer, a unit of length equal to 1,000 meters. /s
liters per second (0.03531 cubic foot per second) m
meter

mg milligram

mgd million gallons per day

mg/d milligrams per day

mg/Kg milligrams per kilogram (parts per million)

mg/L milligrams per liter (parts per million)

mg/L/hr milligrams per liter per hour

mL milliliters

mm millimeter

mmol millimole or one-thousandth of a mole. A mole is an S1 unit of matter.

ng/g nanograms per gram (parts per billion)

ng/Kg nanograms per kilogram (parts per trillion)

ng/L nanograms per liter (parts per trillion)



NTU

nephelometric turbidity units pg/g

picograms per gram (parts per trillion)

pg/L
psu
s.u.
ug/g
ug/Kg
ug/L
um
uM
umhos/cm
uS/cm
WwW

picograms per liter (parts per quadrillion)
practical salinity units

standard units

micrograms per gram (parts per million)
micrograms per kilogram (parts per billion)
micrograms per liter (parts per billion)
micrometer

micromolar (a chemistry unit)

micromhos per centimeter

microsiemens per centimeter, a unit of conductivity
wet weight
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Technical Memorandum

Page 1 of 14
. . Anton Ympa
Date: June 11, 2019 From: Suzanne Cook, L.G.
To: Clear Creek Solutions, Inc. Project Manager: Jennifer H. Saltonstall, L.G., L.Hg.

15800 Village Green Drive #3

Mill Creek, Washington 98012 Principal in Charge: = Jennifer H. Saltonstall, L.G., L.Hg.

Bioretention Hydrologic

: Eric Chri Project N :
cc ric Christensen roject Name Performance Study
Attn: Doug Beyerlein, P.E. Project No: 150387H007
Subject: Deliverable Task 4.5, Site BCK, Geotechnical/Soils Assessment Design Data and Current

Conditions, Bellingham Cornwall Avenue and Kentucky Street, Bellingham, Washington

1.0 INTRODUCTION

This technical memorandum documents existing shallow soil and groundwater conditions in
Bioretention Facility Site #2 of the ES-0512 Nevada Kentucky Bike Boulevard Project, located in the
city of Bellingham, Washington (Figure BCK F1). This memorandum was prepared in accordance
with Task 4 of the contract scope of work. Associated Earth Sciences, Inc. (AESI) collected shallow
soil and groundwater conditions data related to bioretention cell function, and documented the
current condition of the facility relative to the as-built drawings and available background
geotechnical information. The information will be used in the WWHM2012 modeling that will be
conducted as part of Task 5 (Data Analysis). In Task 5, the team will compare the previously
documented hydrologic design information with our field-collected information and will note
where there are significant differences. The purpose of this technical memorandum is to document
the collection of current and accurate geotechnical, geologic, and hydrogeologic site information
for this later work.

The following summary of shallow soil and groundwater conditions integrates the observations
made during the geotechnical assessment which included site visits on October 11, 2018,
infiltration testing on November 14, 2018, provisional results of hydrologic monitoring, and
background geotechnical information.

This technical memorandum has been prepared for the exclusive use of Clear Creek Solutions and
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 engineering practices in effect in this area at the time our
document was prepared. No other warranty, express or implied, is made.

911 Fifth Avenue ¢ Kirkland, WA 98033 P | 425 827-7701
508 S. 2" Street, Ste. 101 « Mount Vernon, WA 98273 « P | 425 827-7701
1552 Commerce Street Suite 102 » Tacoma, WA 98402 P | 253 722-2992
WWW.aesgeo.com



Site BCK Associated Earth Sciences, Inc.
Bioretention Hydrologic Performance Study Technical Memorandum

2.0 PURPOSE AND SCOPE

The purpose of our work was to perform a shallow soil and groundwater conditions assessment
and provide baseline documentation data to assess effectiveness of bioretention hydrologic
performance.

Specifically, our scope included the following activities:

e Review of project documents.

e Site reconnaissance.

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

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

e Survey elevations of inlet, outlet, well point rim, and other observation points relative to a
project datum

e Excavate shallow hand augers through the bioretention soil.

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 Preparation of descriptive exploration logs for each exploration.

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

e Conduct infiltration testing.

e Review of hydrologic monitoring data.

e Preparation of this summary document.

Existing facility features and the locations of hand-auger boreholes completed for this study are
shown on Figure BCK F2, “Facility and Exploration Plan.” Project civil plans are attached as
Appendix A. Exploration logs and laboratory testing data conducted as part of this study are
attached as Appendix B. Background soil, geology, and groundwater information are attached as
Appendix C. Soil probe, level survey, and field infiltration testing data are attached as Appendix D.
Site photos are attached as Appendix E.

3.0 SITE DESCRIPTION AND DESIGN BACKGROUND

The project site is the ES-0512 Nevada Kentucky Bike Boulevard Project, located in the city of
Bellingham, Washington as shown on the attached “Vicinity Map” (Figure BCK F1). The project site
is located along the right-of-way of several streets in the City of Bellingham including Cornwall
Avenue and Kentucky Street.
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Our specific area of study for this project includes bioretention facility Site #2 located on the
southeast of the intersection of Cornwall Avenue and Kentucky Street referred to as cell BCK for
this study. The BCK site is bordered by Cornwall Avenue on the west, Kentucky Street on the north,
and sidewalk and lawns surrounding Bellingham High School on the south and east. Site
topography is generally level. No on-site surface water features are present. As described in the
Stormwater Memo (City of Bellingham Public Works Department, May 16, 2016) the site is in the
Whatcom Creek watershed.

Details of the bioretention facility design and basis for design were presented in the following
documents:

e “Cornwall Avenue Infiltration Sampling,” Materials Testing and Consulting, Inc., MTC Project
No. 16W027-01, May 12, 2016.

e [ES-512 Stormwater Memo, City of Bellingham Public Works Department, May 16, 2016.

e [£S-0512 Nevada Kentucky Bike Boulevard 100% Design Drawings, City of Bellingham Public
Works Department, May 6, 2016.

3.1 Summary of Facility Design

From our review of these documents, the bioretention facility design for cell BCK consists of an
approximately rectangular-shaped bioretention cell with approximately 169 square feet of base
area, as shown on Figure BCK F2, “Facility and Exploration Plan.” We understand that the site was
developed under the Stormwater Management Manual for Western Washington (SMMWW) 2014
for design and construction of stormwater facilities and modeled using WWHM2012 (Draft
WWHM2012 Project Report, City of Bellingham, May 16, 2016) with a design infiltration rate of
12.3 inches per hour (in/hr) in the subgrade. Land use within the drainage basin is primarily
roadway. Per sheet 23, Bioretention Facility and Project Details, ES-0512 Nevada Kentucky Bike
Boulevard (City of Bellingham Public Works Department, December 15, 2015), the facility design
includes 3 inches of mulch overlying 18 inches of bioretention soil mix overlying a 6-inch “choker
course,” overlying 16 inches of drain rock. The facility contains a 4-inch-diameter perforated
underdrain pipe bedded in the choker course. The underdrain discharges to a catch basin, which
also features a beehive grate at ground surface which acts as an overflow structure. The catch
basin discharges to the City storm drain system. The upstream end of the perforated underdrain
pipe is specified as being capped, with no cleanout present.

The facility is designed to infiltrate 99.99 percent of inflow into the subgrade. Stormwater enters
the facility through one 6-inch green polyvinyl chloride (PVC) pipe (not shown on plan sheets) and
one 1.3-foot curbcut from the east side of Cornwall Avenue. If water ponds up on the bioretention
soil, the ponded water would discharge into the beehive grate located near the southern end of the
cell, and then into the City storm drain system. The beehive grate is specified as 0.33 feet below the
curb, with no stickup or ponding depth specified. The facility was constructed and began receiving
runoff after August 2016 based on review of historic aerial imagery. We understand that the cell
was “field-fit” to the site as part of a retrofit project, and therefore may differ from the plan sheets.
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4.0 SITE OBSERVATIONS

During AESI’s site visits, we made notes regarding the physical construction of the bioretention
facilities including documenting site inlet/outlet layout relative to site plans and qualitative
bioretention soil thickness and compaction. These notes were used to indicate key features of the
facility in Figure BCK F2, “Facility and Exploration Plan.”

Level Survey: AESI conducted an elevation survey of the cell using a Leitz C40 automatic
level and a stadia rod. An arbitrary project datum was established for this survey, with the
top of the curb on the northeast corner of the facility (identified on the “BCK Level Survey
Data” map in Appendix D) defined as project datum elevation 100 feet. All other elevations
measured by the survey are relative to this project datum. Key level data is summarized in
Table 1. Additional data points are included in Appendix D to this document. This survey
was not conducted by a licensed surveyor. Surveyed elevations are expected to be
sufficiently accurate for this general assessment of facility construction, but may be
inaccurate for purposes requiring greater precision.

Inflow: One curbcut and one 6-inch PVC pipe.

0 Curbcut: The primary inflow to the facility is a 1.3-foot curbcut, consistent with
project plans, which discharges onto a cement slope and from there onto a
bioretention soil-covered cement pad. A small amount of water was discharging at
the time of our November 14, 2018 site visit, and formed a pool of water at the
inlet.

0 Undocumented inflow: A second inflow is a 6-inch PVC pipe entering the north end
of the facility. The pipe is not shown on project plans. AESI observed that the pipe
receives inflow from three storm drain grates, two of which are installed next to the
sidewalk, in landscaping areas north of cell BCK, and the northernmost of which is
installed on the southern side of Kentucky Street, east of the Kentucky Street
intersection with Cornwall Avenue. AESI observed that flow from all three storm
drains enters cell BCK via the 6-inch pipe, and observed no other storm drain
connections from or into the storm drain catch basins.

Overflow: The overflow consists of a 22-inch by 24-inch concrete catch basin with a
beehive grate. The rim of this grate was up to approximately 0.3 feet below the high point
of the facility base, and was set in a cement pad surrounded by cobles. The bioretention soil
around the cobbles was slightly above the level of the cement pad.

AES| investigated the loose bioretention soil thickness present in cell BCK using a
geotechnical soil T-probe. This qualitative data was used in conjunction with the
hand-auger observations to understand loose soil thickness and relative potential
compactness of the bioretention soils at depth. AESI measured the depth of penetration of
the soils probe at locations generally arranged in a series of transects across the facility,

Date: June 11, 2019 Page 4
Project No: 150387H007



Site BCK Associated Earth Sciences, Inc.
Bioretention Hydrologic Performance Study Technical Memorandum

with transects generally spaced 3 feet apart. Penetration of the T-probe generally ranged
from approximately 0.8 to 2 feet, and averaged 1.5 feet. Probe penetration data is included
in Appendix D to this document.

e AESI observed that the facility base is not flat as shown on the plan sheet details. Instead, it
is generally constructed with a deep center and sides that slope up to closer to curb height.
AES| observed that, when ponding water in the facility, the water generally only covers the
lowest portion of the bioretention soil in the facility. The effective base of the bioretention
facility is therefore approximately 1.5 foot wide, running along the length of the facility.

e AESI observed that the approximately 1.5-foot-wide base of the bioretention facility is not
level along the length of the facility, and slopes up from the inlet area to the midpoint,
causing water to pool. The base then slopes down from the midpoint to the south toward
the overflow. The overflow beehive grate is at a lower elevation than the high point of the
facility base, causing water to readily flow into the overflow beehive grate once it passes
the high point of the facility base.

Table 1
Summary of Cell BCK
Level Survey Data

Elevation
Location (feet, project datum)
Inlet#2 (N) - 6" Green Pipe top/end @ weir 99.47
Inlet#2 (N) - 6" Green Pipe invert 98.98
Inlet#1 (W) - 6"Green Pipe top/end 100.04
Curbcut N 100.09
Curbcut low S 100.05
Curb top N of curbcut 100.49
Curb top S of curbcut 100.43
WP-1TOC 101.15
Ponding Tube TOC (DL) 99.82
Ponding Tube TOC (Baro) 99.8
WP-1 Ground surface 99.09 t0 99.1
Overflow beehive center 99.45
Overflow outer rim NE 98.93
Overflow outer rim SE 98.93
Overflow outer rim SW 98.96
Overflow outer rim NW 98.95
Overflow PVC TOC (DL) 98.22
Overflow PVC TOC (Baro) 98.19
WP: well point; TOC: top of casing; PVC: polyvinyl chloride; DL: datalogger
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5.0 SITE SETTING

The text sections below describe our research findings in regards to the topographic, geologic, and
hydrogeologic setting of the project site both from regional studies and background site-specific
geotechnical and groundwater studies. Our sources of information included the following:

e Site-specific documents cited previously under “Project and Site Description.”

e Easterbrook, D.J., 1976, Geologic Map of Western Whatcom County, Washington: U.S.
Geological Survey (USGS), Miscellaneous Investigations Series Map 1-854-B, scale 1:62,500.

e Natural Resource Conservation Service (NRCS), Web Soil Survey, United States Department
of Agriculture (USDA), http://websoilsurvey.nrcs.usda.gov/, accessed January 2019.

e Soil Survey of Whatcom County Area, Washington, United States Department of Agriculture
(USDA), Natural Resource Conservation Service (NRCS), in cooperation with Washington
State Department of Natural Resources and Washington State University Agricultural
Research Center, 1992.

e Newcomb, R.C. et al., Ground-water Resources of Western Whatcom County, Washington,
U.S. Geological Survey (USGS) Open File Report 50-7, 1950.

5.1 Regional Topography and Project Grading

The project site is situated on a terrace in the Bellingham Basin. Whatcom Creek, a modern stream,
has incised the terrain south and west of the site about 30 to 40 feet, creating relatively steep
slopes within about 800 feet west of the bioretention cells. Elevations in the vicinity range from
about 70 to 80 feet.

Onacloser scale, the area near cell BCK is relatively level, and at elevations of approximately 74 to
75 feet. The BCK cell is surrounded by curbs on the west side, and level with the sidewalk on the
east side. Cornwall Avenue slopes gently down to the south, and Kentucky Street slopes gently to
the west in the vicinity of cell BCK.

The project site was previously developed with the construction of Cornwall Avenue, Kentucky
Street, and Bellingham High School. Various utilities are present in the vicinity of the site. The
geotechnical report (Materials Testing and Consulting, Inc., 2016) identified fill sediments to a
depth of 3.2 feet in the vicinity of the BCK facility. Native grade is unknown, however minor cutting
(about 3 feet) into the previously-constructed sidewalk and lawn area would have been required
during construction, and previous construction of utilities and development in the area would have
required previous cutting and filling to place the fill found by Materials Testing and Consulting, Inc.

5.2 Regional Geology and Background Geotechnical Information

According to D.J. Easterbrook, 1976, Geologic Map of Western Whatcom County, Washington: U.S.
Geological Survey (USGS), Miscellaneous Investigations Series Map 1-854-B, scale 1:62,500, the site
vicinity is underlain by Bellingham Drift (Everson Interstade). As described on the geologic map, this
consists of blue-gray, unsorted, pebbly sandy silt and pebbly clay, with glaciomarine drift mantling
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upland areas. This is consistent with our observations and interpretations of subsurface materials
encountered in our explorations for this project.

e Bellingham Drift (Everson Interstade, Qb): Blue-gray, unsorted, unstratified, pebbly, sandy
silt and pebbly clay. Derived from rock debris melted out of floating ice and deposited on
sea floor. Locally contains mollusks and wood, radiocarbon dated between 11,000 and
12,000 years B.P., glaciomarine drift mantles upland areas between flood plains below
elevations of 600 feet.

Background geotechnical information includes three geotechnical explorations, labeled HA-1
through HA-3 (Materials Testing and Consulting, Inc., 2016) from within 200 feet of cell BCK dated
May 12, 2016, which reached depths of about 3.5 feet below current grades, and describe material
generally consisting of silty clay with some sand and trace gravel. Materials Testing and Consulting,
Inc. interpreted the material as Bellingham Drift, which is consistent with the geologic mappingin
the area. Shallow fill soils were encountered in one exploration in the immediate vicinity of BCK.

5.3 Regional Soils and Soil Data Used in Site Stormwater Model

AESI reviewed the Soil Survey of Whatcom County Area, Washington, United States Department of
Agriculture (USDA), Natural Resource Conservation Service (NRCS), in cooperation with Washington
State Department of Natural Resources (DNR) and Washington State University Agricultural
Research Center, 1992. The soil survey identifies different soil map units based on parent material,
climate, topography (slope), organisms (biota), and time. The soils in the study area formed mostly
from young glacial deposits and have not had time to develop the deep weathering profiles present
in soils in unglaciated terrains. Instead, they exhibit a direct relationship to the underlying parent
material, local climate, topography, and vegetation.

Mapped soils in the project area consist of urban land - Whatcom-Labounty complex. Urban land is
land that has been heavily modified by development. Whatcom and Labounty soils form over
glaciomarine drift.

5.4 Regional Hydrogeology and Background Groundwater Data

Regional hydrogeology is described in Groundwater Resources of Western Whatcom County,
Washington (R.C. Newcomb et al.,, 1950). Newcomb et al. (1950) indicates that perched
groundwater conditions can occur locally, particularly over till, silts, and clays.

On a closer scale, the site is as described in the Stormwater Memo (City of Bellingham, May 16,
2016) as within the Whatcom Creek watershed. Whatcom Creek discharges ultimately to
Bellingham Bay approximately 3,000 feet southwest of cell BCK. No groundwater was observed in
the hand-auger borings by Materials Testing and Consulting, Inc. at the time of exploration on April
28, 2016. Perched groundwater conditions often vary seasonally based on recent rainfall.
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6.0 BIORETENTION CELL SUBSURFACE EXPLORATION

Limited information on subsurface conditions was obtained for this study from hand-auger samples
and soil probe penetration measurements at about 2-foot increments in each hand-augered
borehole. Two hand-auger borings were performed in the facility bottom and advanced through
the bioretention soil and to the underlying material - one into the aggregate, and one into native
sediments. 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. At the conclusion of the excavation, the boreholes were immediately backfilled
with the excavated material or completed as a well point for water level monitoring (described
separately below).

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 B. A detailed record of the
observed bioretention soil, subsurface soil, geology, and groundwater conditions was made. The
sediments were described by visual and textural examination using the soil classification in general
accordance with ASTM D2488, “Standard Recommended Practice for Description of Soils.” The
depths indicated on the logs where conditions changed may represent gradational variations
between sediment types in the field. The exploration logs in Appendix B are based on the 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 Figure BCK F2, "Facility and Exploration Plan." Global Positioning System (GPS) coordinates for
the explorations were taken using a hand-held GPS, and are summarized in Appendix B.

The results presented in this document are based on the explorations completed for this study and
review of background data. The number, locations, and depths of the explorations were completed
within site and budgetary constraints. Because of the nature of exploratory work below ground,
interpolation of subsurface conditions between field explorations is necessary. It should be noted
that differing subsurface conditions may sometimes be present due to the random nature of
deposition and the alteration of topography by past grading and/or filling.

6.1 Hand-Auger Borings

Hand-auger borings in cell BCK were completed on October 11, 2018. No rainfall was noted at the
time of exploration.

Hand-auger boring number 1 (BCK-HA-1), which was completed in the northern perimeter of the
cell, near the inflow, and hand-auger boring number 2 (BCK-HA-2), which was completed near the
center of the cell, encountered approximately 1 to 1.5 feet of bioretention soil. BCK-HA-1
encountered sediment interpreted as glaciomarine drift underlying the bioretention soil, to a total
depth of 3 feet. BCK-HA-2/WP encountered gravel underlying the bioretention soil, to a total depth
of 1.9 feet.
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6.2 Well Points

A well point was installed in BCK-HA-2/WP. Key well point dimensions are provided in Table 2,
below.

Table 2
Summary of Cell BCK
Well Point Dimensions

Exploration in
which Well Total Length Total Depth Inside
Point was of Casing Stickup Height Casing Below
Well Point Installed (feet) Interior Diameter (feet) Ground Surface
BCK-HA- . .
2/WP BCK-HA-2/WP 6.2 1.25 inch nominal 2 4.2

7.0 LABORATORY ANALYSIS

Laboratory testing included mechanical grain-size distribution and percent organic matter by
weight in accordance with the ASTM D422 and D2974, respectively. Bioretention soil was first
tested for organic matter content and then the burned material was tested for grain-size
distribution for comparison with the aggregate fraction of the bioretention soil mix guidance in the
2014 Washington State Department of Ecology (Ecology) Stormwater Management Manual for
Western Washington (2014 Ecology Manual). One sample of material interpreted as representative
of the subgrade was tested for grain-size distribution. The data is summarized in Table 3.

Table 3
Summary of Cell BCK
Organic Content and Grain Size Data

Organic
Content Fines
Exploration | Depth (% by USCS Soil Content (% USDA Soil
Number (feet) Soil Type weight) Description passing #200) | Cu Cc Texture*
BCK-HA-1 0..1-0.5 Bioretention 5.9 SAND, some 53 47 | 1.0 Sand
Soil silt, trace
gravel (SP-SM)
BCK-HA-1 1.0-1.3 Glaciomarine Very silty 43.5 Sandy clay
Drift SAND, some to loam
gravel (SM)
BCK-HA- 0.1-0.3 Bioretention 5.1 SAND, some 4.9 45 | 0.9 Sand
2/WP Soil gravel, trace
silt (SP)

USCS: Unified Soil Classification System; Cu: coefficient of uniformity; Cc: coefficient of curvature; USDA: U.S. Dept. of Agriculture;
*No hydrometers were performed. USDA soil texture range assumes fines consist entirely of silt to entirely of clay.
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7.1 Bioretention Soil Mix

We compared the organic content and burned fraction gradation against the general guidelines for
the bioretention soil mix (Table 4).

The organic content of the tested bioretention soils ranged between 5.1 and 5.9 percent by weight.
This meets the recommended organic content by weight of 5 to 8 percent in the 2014 Ecology
Manual.

The grain-size analysis test results on the burned soil fraction indicate that the bioretention soils
tested correlate to a “SAND” with trace to some silt and trace to some gravel based on ASTM
D2487 Unified Soil Classification System (USCS). The respective fines content as measured on the
No. 200 sieve was 4.9 to 5.3 percent, on the higher end of recommended range of 2 to 5 percent.
The coefficient of uniformity ranged from 4.5 to 43.7, meeting the recommended value of equal to
or greater than 4. The coefficient of curvature ranged from 0.9 to 1, lower than the recommended
range of greater than or equal to 1 and less than or equal to 3. The soil mix contained slightly more
than the recommended range of gravel, and slightly more than the recommended range of silt. The
tested bioretention soil was a poorly-graded sand.

Table 4
General Guidelines for Bioretention Soil Mix (2014 Ecology Manual)
Compared to Averaged Cell BCK Site Data

Recommended
Parameter Range Cell BCK

Organic Content (by weight) 5 to 8 percent 5.5
Cu coefficient of uniformity 4 or greater 4.6
Cc coefficient of curvature 1to3 0.9
Sieve Size Percent Passing

3/8” (9.51 mm) 100 99.4

#4 (4.76 mm) 95 to 100 96.2

#10 (2.0 mm) 75 to 90 76.8

#40 (0.42 mm) 25to 40 26.0

#100 (0.15 mm) 41010 6.7

#200 (0.074 mm) 2to5 5.9

Note: The general guidelines for mineral aggregate gradation are from Table 7.4.1 of the 2014 Ecology Manual.
mm: millimeters.

7.2 Subgrade

In cell BCK, no samples of the subgrade could be obtained for this study due to the import gravel
beneath the bioretention cell and difficulties hand auguring in this material. In BCK-HA-1, a sample
was obtained from the lower side slope of the cell was sieved, interpreted to be native
glaciomarine drift. The tested material correlates to a very silty SAND, some gravel with 43.5
percent by weight of the material passing the No. 200 sieve.
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The grain-size distribution data were also transformed to describe the USDA soil texture. The
grain-size distributions were normalized to the No. 10 sieve—i.e., the coarse sand and gravel
fraction of the sample is discounted and the remainder is taken as 100 percent of the sample. The
fines were assessed relative to the No. 270 sieve. The respective USDA fines content as measured
on the No. 270 sieve after adjusting to remove the weight retained on the #10 sieve was 47 percent
for the native glaciomarine drift.

8.0 INFILTRATION TESTING
8.1 General Infiltration Test Method

The infiltration test was conducted in general accordance with the 2014 Ecology Manual. The 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.

The water for testing was obtained from an on-site fire hydrant and conveyed to cell BCK with fire
hoses. 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. Water levels were monitored using an existing staff gauge (SG-1) marked in 0.01-foot
increments installed adjacent BCK-HA-2/WP, a second temporary metal staff gauge (5G-2) marked
in 0.01-foot increments installed near the inlets, and within the well point with a digital water level
tape, and with digital pressure transducers. Data from the digital pressure transducers was
compensated for barometric response using a separate digital barometer. The area of the pool was
measured periodically during testing.

The infiltration test in cell BCK is discussed below, and results are presented in Table 5. Infiltration
test data is included in Appendix D to this document.

8.2 Infiltration Test in Cell BCK

AESI performed infiltration testing on November 14, 2018. Heavy rainfall was noted during the
beginning of testing, and flow from both of the inlets was present early in testing.

During this test, flow was initially maintained at about 3 gpm, then shut off when the combination
of inflow from the hose and inflow due to rainfall caused the facility to begin to overflow into the
beehive grate. After rainfall stopped approximately 1.5 hours into the test, flow was held steady at
approximately 3 gpm, and the facility did not overflow. During the final approximately 30 minutes
of testing, flow was increased to approximately 10 gpm, and the facility began to overflow.
Throughout the test, AESI never observed discharge from the underdrain into the overflow catch
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basin. Inflow to the facility for the infiltration test was directed, through a diffuser, onto the cell.
Initially, the water pooled near the inflows, and approached the well point (BCK)HA-2/WP) which
had been installed near the high point of the facility base. When water reached the well point, it
flowed past and downhill to the overflow grate, with minimal ponding at the well point. As rainfall
decreased and AESI reduced the flow rate used for testing, water stopped flowing past the well
point until the end of testing when AESI again increased the flow rate. Approximately 760 gallons of
water were used.

Water in the well point was monitored with a data logger during the infiltration test and responded
to inflow. Groundwater was present at a depth of about 3 feet beneath the bioretention cell prior
to the start of inflow, and likely represents perched water in the base course of the facility. The
water level in the well point responded to inflow immediately, and rose to minimum depth of
approximately 2.5 feet during the course of testing. AESI interprets this response to indicate that
water from the infiltration test generally infiltrated rapidly through the bioretention soil and then
perched in the facility base-course. At the end of testing, when AESI discharged approximately 10
gpm into the facility, this flow of water exceeded the capacity of the bioretention soil, and began
pooling until it flowed into the overflow structure.

After about 7 hours, AESI shut off the flow and monitored the water level as it fell. AESI observed
that the pooled water in the inlet area of the facility infiltrated into the bioretention soil such that
its depth decreased from approximately 0.4 to 0.12 feet over the course of an hour.

The constant-head test infiltration rate in Table 5 is calculated based on the flow rate from the
hose for infiltration testing, and the wetted area of bioretention soil through which the water
infiltrated, and represents the infiltration rate of the bioretention soil. Because no flow was
observed to discharge from the underdrain pipe into the overflow catch basin over the course of
the test, the fate of the water is somewhat uncertain. The subgrade beneath the cell was not well
documented. The hand auger completed outside of the cell base entered sediment with a high
fines content. AESI interprets that water collecting in the facility base course and flowed laterally,
some infiltrating into the subgrade and some likely captured in fill/utility corridors.

Table 5
Cell BCK
Infiltration Test Results

Surface Total Approximate Field Infiltration Rates
Area Discharge Volume Constant- Constant-
(square Time Discharged Head Level Head Test Falling-Head Test
Test No. feet) (minutes) (gallons) (feet) (in/hr) (in/hr)
BCK
(bioretention 60 421 757 0.3 6.6 3.4
sail)
BCK Perched water response in Uncertain, interpreted to be low;
(subgrade) well point likely affected by utility corridors

in/hr: inches per hour.
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9.0 CONCLUSIONS AND RECOMMENDATIONS

Portions of Cell BCK were inconsistent with the design shown on the civil plan sheets. Observations
on site design, shallow soil and groundwater conditions are discussed below.

e The overflow is consistent with the plans. No ponding level is specified in site design
documents.

e Bioretention soil:

0 Thickness: The apparent thickness of loose bioretention soil based on soil probe
data was generally about 1.5 feet as indicated on the plan. On the edges of the
facility the bioretention soil was occasionally thinner than this.

0 Composition: The soil mix generally met the recommended guidelines for organic
content and sand gradation, although the soil mix contained slightly more than the
recommended range of fine gravel and silt, and had a slightly low coefficient of
curvature.

e Subgrade conditions: The subgrade is interpreted to consist of glaciomarine drift, with fill
soils present.

e Bioretention soil field infiltration rate:
O Measured at about 6.6 in/hr.
0 Nowater was observed in the underdrain, so the field infiltration rate is interpreted
to represent the bioretention soil rate. The rate is lower than typical and some
compaction was noted during the soil probing.

e Subgrade infiltration rate: Interpreted to be affected by unknown areas of fill sediments.
Infiltration is likely primarily into the undocumented fill sediments.

e Inflow: The BCK facility receives inflow from a PVC pipe which is not indicated on project
plan sheets. This pipe is connected to several storm drains, which are not indicated on
project plan sheets. It is unclear if the modeled drainage area included the area drained by
these storm drains.

e Base Area: AESI observed that the bioretention soil is not level across the facility base.
Based on our measurements the wetted base area was approximately 60 square feet during
infiltration testing with a flow of approximately 10 gpm, with water flowing into the
overflow structure. This is less than the 169-square-foot base area per design.
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10.0 CLOSURE

We appreciate the opportunity to be of continued service to you on this project. Should you have
any questions regarding this document or other geotechnical/hydrogeologic aspects of the project,
please call us at your earliest convenience.

Anton D. Ypma
Staff Geologist

Jennifer H. Saltonstall |

Jennifer H. Saltonstall, L.G., L.Hg.
Principal Geologist/Hydrogeologist

Attachments: Figure BCK F1: Vicinity Map
Figure BCK F2: Facility and Exploration Plan

Appendix A: Project Civil Plans

Appendix B: Current Study Exploration Logs and Laboratory Testing Data

Appendix C: Background Soil, Geology, and Groundwater Data (Regional Maps,
Previous Studies Exploration Logs and Laboratory Testing Data)

Appendix D: Soil Probe, Level Survey, and Field Infiltration Testing Data

Appendix E: Site Photos
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Project Civil Plans
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APPENDIX B

Current Study Exploration Logs and
Laboratory Testing Data



Exploration Loq

Grab Sample

AESIBOR 150387H007BCK.GPJ February 18, 2019

Shelby Tube Sample! Water Level at time of drilling (ATD)

Project Number Exploration Number Sheet
150387H007 BCK-HA-1 10f1
Project Name Bioretention Hydrologic Performan t Ground Surface Elevation (ft)
Location Bellingham, WA Datum N/A
Driller/Equipment Hand Auger Date Start/Finish
Hammer Weight/Drop _N/A Hole Diameter (in) _4 inches
— " 5|9|. 8
£ 2|3|© @
)= s 38|dl¢e Blows/Foot e
s S % = g- 25 E
a (T & SlZ® e}
DESCRIPTION 10 20 30 40
Fine Mulch
Bioretention Soil Mix
Loose, slightly moist, medium SAND, trace to some gravel, trace silt;
organic rich; massive (SP).
S-1
[ Glaciomarine Drift
Siiff, slightly moist, grayish brown, very silty, fine SAND to very sandy,
SILT, trace gravel; gravel interpreted as dropstones (SM-ML).
S-2
S-3
[ Bottom of exploration boring at 3 feet.
- 5
Sampler Type (ST):
m 2" OD Split Spoon Sampler (SPT) |:| No Recovery M - Moisture Logged by:  ADY
[[l 3" OD Split Spoon Sampler (D & M) [l Ring Sample Y Water Level () Approved by: JHS




NWWELL- B 150387H007BCK.GPJ BORING.GDT 2/18/19

Geologic & Monitoring Well Construction Log

Project Number Well Number Sheet

150387H007 BCK-HA-2/WP 1 0of 1
Project Name Bioretention Hydrologic Performance Study Location Bellingham, WA
Elevation (Top of Well Casing) 101.2 (Project Datum) Surface Elevation (ft) 1 (Project Datum
Water Level Elevation Dry Date Start/Finish 10/11/18.10/11/18

Il
Il

2" OD Split Spoon Sampler (SPT) |:|
3" OD Split Spoon Sampler (D & M) [|
Grab Sample

No Recovery
Ring Sample
Shelby Tube Sample

M - Moisture
VA Water Level ()
\ 4 Water Level at time of drilling (ATD)

Drilling/Equipment Hand Auger Hole Diameter (in) 4 inches
Hammer Weight/Drop N/A
©
I= > - L5
sg| 2 2. | &8¢
0O |8 o© S o
= [}
2| —WELL CONSTRUCTION ? DESCRIPTION
.| Threaded steel pipe 1.25 N Fine Mulch
.| inches I.D. with threaded and Bioretention Soil Mix
-1 vented PVC cap -2 to 1.1
] feet
Loose, slightly moist, medium SAND, trace to some gravel, trace silt;
-1 Fine mulch 0 to 0.1 feet organic rich; massive (SP).
i -Z.j Bioretention soil mix 0.1 to
) 1.5 feet
b | Gravel fill 1.5 to 1.9 feet 3 O'é o° Underdrain Gravel Bedding
=) b o o Loose,angular GRAVEL (0.5 to 1 inch); partially mixed with
— o o bioretention soil mix (GP).
—p o o o
—] o o
i ] i Boring terminated at 1.9 feet
— Driven into existing Well completed at 4.5 feet on 10/11/18.
- sediments 1.9 to 4.5 feet Refusal due to caving.
— Steel drive point placed in borehole and hand-driven with slide
— hammer to depth of 3.6 feet.
i § Stainless steel jacket cover |
— stainless steel #60 gauze
] welded to perforated steel
— pipe 1.4 to 3.9 feet
Threaded steel pipe 1.25
inches 1.D. and drive point
3.9 t0 4.5 feet
Note: ~4 inches of "dead
L 5 space" below bottom of |
perforated openings and total
inside depth. Total inside
depth = 6.2 feet.
Sampler Type (ST):

Logged by: ADY
Approved by: JHS




Moisture, Ash, and Organic Matter of Peat

and Other Organic Soils - ASTM 2974

Date Sampled

Project

Bioretention Hydrologic

Project No.

Soil Description

10/11/2018 Performance Monitoring Study 150387 E007 Bioretention soil mix
Tested By Location EB/EP No. Depth
BN Onsite- BCK

Moisture Content

Sample ID HA-1 (0.1'-0.5") HA-2 (0.1'-0.3")

Wet Weight + Pan 830.04 864.86

Dry Weight + Pan 791.49 832.48

Weight of Pan 434.52 536.76

Weight of Moisture 38.55 32.38

Dry Weight of Soll 356.97 295.72

% Moisture 9.7 9.9

Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 467.15 611.75

Dry Soil After Burn + Pan 454.26 600.50

Weight of Pan 247.04 391.90

Wt. Loss Due to Ignition 12.89 11.25

Actual Wt. Of Soil After Burr 207.22 208.60

% Organics 5.9 5.1

ASSOCIATED EARTH SCIENCES, INC.

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




Particle Size Distribution Report

e e ef eg €5 S sg9g g 83§
© ™ N A3 M b hid HF W H® * ¥ ¥ H®
100 | 1T T 5\-(7 LT \‘j‘x R | | | A — Bioretention Cell Soil Mix Spec.
1 A A R N AN T 1 1 1 o
B B R O N e E
L RN
0 N RSN R
0 D L N
D: | | I | | | | | | \\ \\ | | | | |
L 1 A A R I 1 \ ! 1 1 ol
Z 60 1 H 1 N
L 1 A R 1 \\L NER 1 ol
E | 1 O R | M| | P
z T T WNECT T
B R E| 1R WA 1T N
(1] I I It [ [ I 1N I\ I o
o 1 A A R I 1 1 \ I\ ol
30 1 3 B R 1 1 N 1
1 A R 1 1 l} S
20 A | i\i\iii
O LT NS
10 ] R R R I R ] ] 1 \‘1\%;7}; ]
1 A A R I 1 1 | PN F*«ﬁ—-o
0 1 I O N 1 1 1 1 LT
100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
Coarse Fine Coarse Medium Fine Silt \ Clay
0.0 0.0 2.3 19.9 52.2 20.3 5.3
TEST RESULTS Material Description
Opening Percent Spec.* Pass? SAND, some silt, trace gravel
Size Finer (Percent) (X=Fail)
1 100.0
0.75 100.0 Atterberg Limits (ASTM D 4318)
375 100.0 100.0 PL= NP LL= NV PI= NP
#4 97.7 95.0- 100.0 e
#8 81.6 Classification
#10 77.8 75.0 - 90.0 USCS (D 2487): SP-SM AASHTO (M 145): A-1-b
#20 52.2 Coefficients
#40 25.6 25.0-40.0 Dgo= 3.2822 Dgs= 2.7043 Dgo= 1.0597
#60 11.6 Dgo= 0.8015 D3g= 0.4806 D15= 0.2959
#100 7.0 4.0-10.0 D1o= 0.2238 Cy= 4.73 Cc= 0.97
#200 5.3 20-5.0 X
#270 4.9 Remarks
Collected by: ADY
Bioretention soil mix burned first per ASTM D2974 then sieved.
Date Received: 10/16/2018 Date Tested: 10/18/2018
Tested By: MS
Checked By: JHS
Title:
* Bioretention Cell Soil Mix Spec.
Source of Sample: (BCK) Bellingham- Cornwall and Kentucky Depth: 0.1-0.5' Date Sampled: 10/11/2018
Sample Number: HA-1
Client: Clear Creek Solutions
Project: Bioretention Hydrologic Performance Study
Project No: 150387 HO04 Figure




Particle Size Distribution Report
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(no specification provided)

*

10/11/2018

Date Sampled:

Depth: 2.5-3

Source of Sample: (BCK) Bellingham- Cornwall and Kentucky

Sample Number: HA-1

Clear Creek Solutions

Client:

Bioretention Hydrologic Performance Study

Project:

Figure

150387 H004

Project No:




Particle Size Distribution Report

€ £ £§ £5 £5 9 s 3g g 888
© ™ ﬂ j j PN > ™ hid I #F ¥ 3 #F H H
100 i i BERE —T(T“s\w&\ N i i i i i i ******** Bioretention Cell Soil Mix Spec.
B i i\\\ T T
1 A R 1 N\ ‘ ‘ ‘ ol
80 A OO N 1
1 A A R N | % N | | o
0 BT S NN T S
D: | | I | | | | | | \\ \\ | | | | |
L 1 A A R I | “\ | M | | ol
Z 60 1 H 1 N\ 1 IR
L 1 A R | \\L SER 1 ol
E | 1 O R | NN ] | P
Z 50 I I | I I I I I I N N I I I I I
Lu | | [ | | | | | | I\ | | | | |
O 1 A R | NN | ol
o 40 1 e 1 ] . ] i
(1] I I It [ [ I 1N I\ I o
o 1 A A R I 1 1 \\1 N ol
30 1 3 B R 1 1 N 1
I T RN
20 R I NP
L AN
10 ] R R R I R ] ] ] m =TT
| | I | | | | | | | | | T~
0 L LY
100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
i Coarse Fine Coarse Medium Fine Silt \ Clay
0.0 0.0 5.3 19.0 49.4 21.4 4.9
TEST RESULTS Material Description
Opening Percent Spec.* Pass? SAND, some gravel, trace silt
Size Finer (Percent) (X=Fail)
2 100.0
15 100.0 Atterberg Limits (ASTM D 4318)
1 100.0 PL= NP LL= NV Pl= NP
.75 100.0 e
375 98.8 100.0 X Classification
#4 4.7 05.0 - 100.0 X USCS (D 2487): SP AASHTO (M 145): A-1-b
#3 79.2 Coefficients
#10 75.7 75.0-90.0 Dgo= 3.7253 Dgs= 3.0237 Dgo= 1.0736
#20 52.4 Dgo= 0.7941 D3g= 0.4697 D15= 0.3015
#40 26.3 25.0-40.0 10= 0.2402 Cy= 447 Cc.= 0.86
#60 10.7
#100 6.4 40-10.0 . Remarks
#200 4.9 2.0-50 Collected by: ADY
Bioretention soil mix burned first per ASTM D2974 then sieved.
Date Received: 10/16/2018 Date Tested: 11/12/2018
Tested By: BN
Checked By: JHS
Title:

* Bioretention Cell Soil Mix Spec.

Source of Sample: (BCK) Bellingham- Cornwall and Kentucky

Sample Number: HA-2

Depth: 0.1-0.3

Date Sampled:

10/11/2018

Client: Clear Creek Solutions

Project:

Project No: 150387 H004

Bioretention Hydrologic Performance Study

Figure




APPENDIX C

Background Soil, Geology, and Groundwater Data
(Regional Maps, Previous Studies Exploration Logs
and Laboratory Testing Data)



z Soil Map—Whatcom County Area, Washington z
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Soil Map—Whatcom County Area, Washington

LY Rock Outcrop

Saline Spot

L]

. Sandy Spot

L]
@

Severely Eroded Spot

]

s} Sinkhole
) Slide or Slip
ﬁ Sodic Spot

Area of Interest (AOIl) = Spoil Area
Area of Interest (AOI) 8 Stony Spot
Soils i) Very Stony Spot
Soil Map Unit Polygons
bl Wet Spot
— Soil Map Unit Lines !
Fa) Other
o Soil Map Unit Points
- Special Line Features
Special Point Features
o) Blowout Water Features
Streams and Canals
Borrow Pit
Transportation

-1 Clay Spot Rails
o Closed Depression — Interstate Highways
;H; Gravel Pit US Routes
S Gravelly Spot Major Roads
@ Landfil Local Roads
A Lava Flow Background
o Marsh or swamp - Aerial Photography
L= Mine or Quarry
@ Miscellaneous Water
@ Perennial Water

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Whatcom County Area, Washington
Survey Area Data: Version 18, Sep 10, 2018

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed:
2011

Jul' 9, 2010—Aug 28,

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

USDA  Natural Resources
=== Conservation Service

Web Soil Survey
National Cooperative Soil Survey

1/11/2019
Page 2 of 3




Soil Map—Whatcom County Area, Washington

Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

29 Chuckanut-Urban land 98.4 9.9%
complex, 5 to 20 percent
slopes

82 Kickerville-Urban land 7.2 0.7%
complex, 0 to 3 percent
slopes

171 Urban land 314.2 31.5%

172 Urban land-Whatcom- 560.1 56.2%
Labounty complex, 0 to 8
percent slopes

Totals for Area of Interest 996.9 100.0%

UsbA  Natural Resources Web Soil Survey 1/11/2019

—=S - -
== Conservation Service

National Cooperative Soil Survey

Page 3 of 3



Excerpt from:

Easterbrook, D.J., 1976, Geologic map of western Whatcom County, Washington: U.S. Geological Survey, Miscellaneous
Investigations Series Map I-854-B, scale 1:62,500



https://ngmdb.usgs.gov/Prodesc/proddesc_9725.htm

Cornwall Avenue Infiltration Sampling Materials Testing & Consulting, Inc.
May 12, 2016 16W027-01

Appendix A: Site Plan with Test Locations

N
|
HA-1 Kentucky St
HA-2
Cornwall Ave
HA-3
. . . L 0 150
Source: City of Bellingham Public Works-Engineering
Overlay by MTC: KWP E
Not to Scale — Shown is approximate SCALE (FEET)
*Not for Construction* 1 inch ~150 feet
Materials Testing & Consulting Site Map and Test Locations FIGURE
777 Chrysler Drive Cornwall Avenue Infiltration Sampling
Burlington, WA 98233 Cornwall Avenue & Kentucky Street 1
Bellingham, WA




Cornwall Avenue Infiltration Sampling Materials Testing & Consulting, Inc.
May 12, 2016 16W027-01

Appendix B: Exploration Logs

Unified Soil Classification System Chart
- . - . Sampler Symbol Description
Major Divisions Graph [ USCS Typical Description
n Standard Penetration Test (SPT)
Coarse GW | Well-graded Gravels, Gravel-Sand Mix-
Grained Soils Gravel tures
Clean Gravels [I]] Shelby Tube
More Than ..‘ GP | Poorly-Graded Gravels, Gravel-Sand
50% of ¢ : Mixtures E Grab or Bulk
Coarse Frac- =
tion Retained D ‘; D GM | Silty Gravels, Gravel-Sand-Silt Mixtures
More Than 50% | OnNo. 4 a6 E California (3.0 0.D.)
Retained On Sieve Gravels With Fines fa-LSia
No. 200 Sieve .21 GC | Chyey Gravels, Gravel-Sand-Clay Mix-
y tures . Modified California (2.5” O.D.)
Well-graded Sands, Gravelly Sand: . .
Sand L sw el graded Saneh, Hie Ty sands Stratigraphic Contact
Clean Sands — - : .
Distinct Strati hic Cont:
15\/(1)(;;6 Tfhan SP | Poorly-Graded Sands, Gravelly Sands — 5 :&;/"ecen g;‘ﬂ‘g :ftaw ontact
C oaorsoe Frac- \ Gradual Change Between Soil
tion Passing SM | Silty Sands, Sand-Silt Mixtures Strata
No. 4 Sieve S o I o | [ [N Approximate location of
Sands With Fines stratagraphic change
Clayey Sands, Clay Mixtures
Fine Grained Inorganic Silts, rock Flour, Clayey Silts ! Groundwater observed at time of
Soils With Low Plasticity exploration
. - Measured groundwater level in
Silts & Clays | Liquid Limit Less / CL  [Inorganic Clays of Low To Medium AV explora[iong,rwell, or piezometer
Than 50 / Plasticity )
More Than 50% . . ’ Perched water observed at time
Passing The [ OL | Organic Silts and Organic Silty Clays of of exploration
No. 200 Sieve Vo Low Plasticity
MH | Inorganic Silts of Moderate Plasticity .
Modifiers
. o
Silts & Clays | Liquid Limit CH | Inorganic Clays of High Plasticity Description %
Greater Than 50 / Trace >5
+
-, OH | Organic Clays And Silts of Medium to _
wWald High Plasticity Some 3-12
&+ .
>
. ) . PT Peat, Humus, Soils with Predominantly With 12
Highly Organic Soils Organic Content
Soil Consistency Grain Size
Granular Soils Fine-grained Soils DESCRIPTION SIEVE GRAIN SIZE | APPROXIMATE SIZE
SIZE
Density SPT Consistency SPT
Blowcount Blowcount Boulders >127 >127 Larger than a basketball
Very Loose 0-4 Very Soft 0-2 Cobbles 3-127 3-127 Fist to basketball
Loose 4-10 Soft 2-4 Coarse 3/4-3 3/4-3 Thumb to fist
- - Gravel
Medium | 10-30 Firm 4-8 Fine #4-3/4" | 0.19-0.75" |Peato thumb
Dense
N Coarse #10 - #4 0.079-0.19” | Rock salt to pea
Dense 30-50 Stiff 8-15
Very Dense > 50 Very Stiff 15-30 Sand | Medium | #40-#10 | 0.017-0.079” | Sugar to rock salt
Hard =30 Fine | #200-#40 |0.0029-0.017” | Flour to Sugar
. Passing 5
Fines 4200 <0.0029 Flour and smaller
Materials Testing & Consulting, Inc. Exploration Log Key FIGURE
777 Chrysler Drive Cornwall Avenue Infiltration Sampling
Burlington, WA 98233 Cornwall Avenue & Kentucky Street 2
Bellingham, WA




Cornwall Avenue Infiltration Sampling Materials Testing & Consulting, Inc.

May 12, 2016 16W027-01
Materials Testing and Consulting :
805 Dupont St, Suite 5 Boring Log HA-1
Bellingham, WA (Page 1 of 1)
Cornwall Avenue Infiltration Date Started 1 4/28/2016
Cornwall Ave & Kentucky St Date Completed 1 4/28/2016
City of Bellingham, WA-Public Works Sampling Method : Grab Sample
MTC Job #: 16W027-01 Location : Kentucky St: 2.4' S of curb, 7.3' E of sidewalk
Logged By : KWP
[}
]
g 3| &
w 0 o3| 2
s g |2 DESCRIPTION HEIR RS
3 ) g ElL] ¢ #200
a g o S| & | sieve
0 ASPHALT PAVEMENT: Top Course 0.17', Base Course 0.21'".
AC
i CONCRETE PAVEMENT
CcP
SANDY SILT, some clay, soft to firm, damp, trace organics (roots), some orange mottling at
base of concrete. GRAY BROWN
1 —
WEATHERED BELLINGHAM DRIFT
ML
B Mottling absent after 1.5' BPG
5
;‘ SILTY CLAY, some sand, stiff to hard with depth, damp. GRAY
%, 5 BELLINGHAM DRIFT
8 |
i Trace gravel, 1/2", subround. X
8
s
2
‘;;“ ML Trace gravel, 1/2", subround.
s
9
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© X 283 | 97.3
8
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> i Terminated at planned depth.
8 TD: 3.4'
% No groundwater encountered during excavations.
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Cornwall Avenue Infiltration Sampling Materials Testing & Consulting, Inc.

May 12, 2016 16W027-01
Materials Testing and Consulting :
805 Dupont St, Suite 5 Boring Log HA-2
Bellingham, WA (Page 1 of 1)
Cornwall Avenue Infiltration Date Started 1 4/28/2016
Cornwall Ave & Kentucky St Date Completed 1 4/28/2016
City of Bellingham, WA-Public Works Sampling Method : Grab Sample
MTC Job #: 16W027-01 Location : Cornwall Ave N: 3' W of curb, 12' N of crosswalk
Logged By : KWP
[}
5
g 3| &
uw o Wzl 2
sl g |2 DESCRIPTION alg| § |%5mer
3 ) g ElL] ¢ #200
a g o S| & | sieve
0
AC ASPHALT PAVEMENT: Top Course 0.2', Base Course 0.06".
CONCRETE PAVEMENT
] CP
GRAVEL with sand, some silt, medium-dense, damp to wet, trace to some organics (roots),
gravel to 1/2" subround. BROWN
14 STRUCTURAL FILL-PIT RUN
Trace to some cobbles to 4", round to subround, continue to TD.
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B
<
I
o GW-GM
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: X
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© 5.6 5.1
% Terminated at planned depth.
5 TD: 3.2'
o No groundwater encountered during excavations.
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Cornwall Avenue Infiltration Sampling Materials Testing & Consulting, Inc.

May 12, 2016 16W027-01
Materials Testing and Consulting :
805 Dupont St, Suite 5 Boring Log HA-3
Bellingham, WA (Page 1 of 1)
Cornwall Avenue Infiltration Date Started 1 4/28/2016
Cornwall Ave & Kentucky St Date Completed 1 4/28/2016
City of Bellingham, WA-Public Works Sampling Method : Grab Sample
MTC Job #: 16W027-01 Location : Cornwall Ave S: 2.9' W of curb, 4.4' S of storm drain
Logged By : KWP
[}
]
g 3| &
w 0 o3| 2
sl g |2 DESCRIPTION alg| § |%5er
3 ) g ElL] ¢ #200
a g o S| & | sieve
0

AC ASPHALT PAVEMENT
CONCRETE PAVEMENT

1 CP
SILTY CLAY, firm, damp, trace organics (roots), some orange mottling. BROWN
1+ WEATHERED BELLINGHAM DRIFT
R Orange mottling increase to moderate.
CL-ML

Density increase to stiff-very stiff.

SILTY CLAY, some sand, trace gravel, very stiff, damp, lacks mottling, gravel to 1/2", subround.
GRAY

BELLINGHAM DRIFT
CL-ML

3]
X 27.2 85.9

Terminated at planned depth.
TD: 3.4'
No groundwater encountered during excavations.
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APPENDIX D

Soil Probe, Level Survey, and
Field Infiltration Testing Data



Project Name:|BHPS Water Source:|Hydrant
Project Number:{150387H007 Meter:|AESI FM8,9
Date:|11/14/2018 Base Area (sq.ft.):|NA
Weather:|Intermittent rain, 60's Ponded Area(sq.ft.):[60.0
Test No.:|BCK Test Depth (feet):[NA

Performed By:

ADY, SC

Receptor Soils:

Glaciomarine Drift/Fill

Time
(24-hr) Flow Rate (gpm) SG-2 Stage (feet) Totalizer (gallons) Comments
8:29 0 0.29 0 Flow on, FM9. Raining.
8:30 3.07 0.29 0
8:35 2.92 0.36 18.59
8:39 2.78 0.38 29.29
8:40 0 33.39 Flow off FM9
8:42 0.3 0.37 33.39 Flow on FM8
8:44 0.3 0.38 34.79
8:46 0 0.37 35.45 Water entering overflow grate. Flow off.
No flow observed in underdrain. Discahrge
9:00 0.3 0.35 35.45 to overflow grate stopped. Flow resumed.
9:01 0.3 0.35 35.86
9:15 0.3 0.33 40.11
9:30 0.3 0.28 44.6
9:42 0.3 0.28 48.49 Flow off.
10:02 0.3 0.2 54.39 Rain stops.
10:15 0.3 0.18 58.05 No flow observed in underdrain.
10:35 1 0.16 63.94
10:55 0.96 0.21 82.03
11:10 0.94 0.2 96.87
11:32 3.06 0.2 117.23
11:40 2.94 0.25 139.13 Wetted area approx. 2.5ft x 7ft.
11:55 2.92 0.27 183.33
12:10 2.92 0.27 227.65
12:20 2.92 0.28 256.97
12:30 2.93 0.28 285.62
12:45 2.92 0.29 330.23 No rain. No underdrain flow observed.
12:52
12:55 3.55 0.29 359
13:05 0 0.3 393
13:06 4.24 0.29 43
13:16 4.13 0.3 57
13:30 4 0.31 113
13:45 3.98 0.31 172
14:01 3.96 0.32 236
14:15 3.98 0.32 292
14:30 4.12 0.32 353 No rain. No underdrain flow observed.
14:48 4.04 0.32 425
15:03 10.43 0.32 492 Flow rate increased.
15:12 10.05 0.38 577 Flow approaching overflow grate.

Appendix D
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Flow entering overflow grate. No
15:13 10.05 0.39 nunderdrain flow observed. No rain.
15:18 10 0.39 637
15:22 10 0.4 384.91
15:30 0 0.4 757.16 Flow off
15:31 0.37
15:32 0.35
15:33 0.33
15:35 0.31
15:37 0.29
15:41 0.26
15:47 0.23
Observed slow inflow from backed-up
15:51 0.21 water in northern inlet pipe.
16:01 0.18
16:07 0.16
16:26 0.13
16:30 0.12
Average Infiltration Rate (in/hr) during last hour of inflow: 6.6
Average Infiltration Rate (in/hr) during falling head: 3.4
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BCK Infiltration Test Plot 1

O Water Level, SG-2, Hand Measured O Water Level, WP-1, Hand Measured
A Water Level, Overflow CB, Hand Measured = Water Level, SG-2 Ponding Logger
+ Water Level, WP-1 logger + Water Level, SG-1 Ponding Logger
Ground Surface at SG-2 Overflow
Ground Surface at SG-1/WP-1 ® Flow rate (gpm, secondary axis)
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BCK Infiltration Test Plot 2

O Water Level, SG-2, Hand Measured O Water Level, WP-1, Hand Measured
A Water Level, Overflow CB, Hand Measured = Water Level, SG-2 Ponding Logger
+ Water Level, WP-1 logger + Water Level, SG-1 Ponding Logger
Ground Surface at SG-2 Overflow
Ground Surface at SG-1/WP-1 ® Flow rate (gpm, secondary axis)
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APPENDIXE

Site Photos



Cell BCK overview, overflow in lower center of photo

Cell BCK overview, curbcut inlet shown

Associated Earth Sciences, Inc. Appendix E Bioretention Performance Study
Kirkland, Washington Project No. 150387H006



Cell BCK, curb cut inlet and undocumented inlet (green pipe). Above photo is prior to
install of weir. Lower photo is after weir install and during infiltration testing.

Associated Earth Sciences, Inc. Appendix E Bioretention Performance Study
Kirkland, Washington Project No. 150387H006
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Technical Memorandum

Page 1 of 14
. . Anton Ympa
Date: June 11, 2019 From: Suzanne Cook, L.G.
To: Clear Creek Solutions, Inc. Project Manager: Jennifer H. Saltonstall, L.G., L.Hg.

15800 Village Green Drive #3

Mill Creek, Washington 98012 Principal in Charge: = Jennifer H. Saltonstall, L.G., L.Hg.

Bioretention Hydrologic

: Eric Chri Project N :
cc ric Christensen roject Name Performance Study
Attn: Doug Beyerlein, P.E. Project No: 150387H007
Subject: Deliverable Task 4.5, Site BUW, Geotechnical/Soils Assessment Design Data and Current

Conditions, Bellingham Utter Street and Washington Street, Bellingham, Washington

1.0 INTRODUCTION

This technical memorandum documents existing shallow soil and groundwater conditions in
Bioretention Facility Cell #5 of the Colombia Water Quality Improvements Project, located in the
city of Bellingham, Washington (Figure BUW F1). This memorandum was prepared in accordance
with Task 4 of the contract scope of work. Associated Earth Sciences, Inc. (AESI) collected shallow
soil and groundwater conditions data related to bioretention cell function, and documented the
current condition of the facility relative to the as-built drawings and available background
geotechnical information. The information will be used in the WWHM2012 modeling that will be
conducted as part of Task 5 (Data Analysis). In Task 5, the team will compare the previously
documented hydrologic design information with our field-collected information and will note
where there are significant differences. The purpose of this technical memorandum is to document
the collection of current and accurate geotechnical, geologic, and hydrogeologic site information
for this later work.

The following summary of shallow soil and groundwater conditions integrates the observations
made during the geotechnical assessment which included site visits on October 11, 2018,
infiltration testing on November 15, 2018, provisional results of hydrologic monitoring, and
background geotechnical information.

This technical memorandum has been prepared for the exclusive use of Clear Creek Solutions and
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 engineering practices in effect in this area at the time our
document was prepared. No other warranty, express or implied, is made.

911 Fifth Avenue ¢ Kirkland, WA 98033 P | 425 827-7701
508 S. Second Street, Suite 101 2 « Mount Vernon, WA 98273 « P | 425 827-7701
1552 Commerce Street Suite 102 » Tacoma, WA 98402 P | 253 722-2992
WWW.aesgeo.com
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2.0 PURPOSE AND SCOPE

The purpose of our work was to perform a shallow soil and groundwater conditions assessment
and provide baseline documentation data to assess effectiveness of bioretention hydrologic
performance.

Specifically, our scope included the following activities:

e Review of project documents.

e Site reconnaissance.

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

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

e Survey elevations of inlet, outlet, well point rim, and other observation points relative to a
project datum.

e Excavate shallow hand augers through the bioretention soil.

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 Preparation of descriptive exploration logs for each exploration.

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

e Conduct infiltration testing.

e Review of hydrologic monitoring data.

e Preparation of this summary document.

Existing facility features and the locations of hand-auger boreholes completed for this study are
shown on Figure BUW F2, “Facility and Exploration Plan.” Project civil plans are attached as
Appendix A. Exploration logs and laboratory testing data conducted as part of this study are
attached as Appendix B. Background soil, geology, and groundwater information are attached as
Appendix C. Soil probe, level survey, and field infiltration testing data are attached as Appendix D.
Site photos are attached as Appendix E.

3.0 SITE DESCRIPTION AND DESIGN BACKGROUND

The project site is the Colombia Water Quality Improvements Project, located in the city of
Bellingham, Washington as shown on the attached “Vicinity Map” (Figure BUW F1). The project site
is located along the right-of-way of several streets in the City of Bellingham including Utter Street
and Washington Street.

Date: June 11, 2019 Page 2
Project No: 150387H007
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Our specific area of study for this project includes bioretention cell #5 located on the southeast of
the intersection of Utter Street and Washington Street referred to as cell BUW for this study. The
BUW site is bordered by Washington Street on the west, Utter Street to the south, and sidewalk
and single-family residences to the north and east. Site topography is generally level, sloping gently
downhill to the south. No on-site surface water features are present. As described in the Drainage
Report (Columbia Neighborhood Water Quality Improvements, November 10, 2016) the site drains
to Bellingham Bay.

Details of the bioretention facility design and basis for design were presented in the following
documents:

e “Columbia Neighborhood Water Quality Improvement Project, Preliminary Geotechnical
Conditions Assessment,” Bellingham, Washington, Element Solutions, October 26, 2016.

e “Columbia Neighborhood Water Quality Improvements,”, Pacific Surveying and
Engineering, November 10, 2016.

e “Columbia Neighborhood Water Quality Improvements Project (EV-0120),” Memorandum,
Pacific Surveying and Engineering, July 28, 2017.

e “Columbia Water Quality Improvements,”, Pacific Surveying and Engineering, October 30,
2017.

3.1 Summary of Facility Design

From our review of these documents, the bioretention facility design for cell BUW consists of an
approximately rectangular-shaped bioretention cell with approximately 211 square feet of base
area, as shown on Figure BUW F2, “Facility and Exploration Plan.” We understand that the site was
developed under the Washington State Department of Ecology (Ecology) 2014 Stormwater
Management Manual for Western Washington (2014 Ecology Manual) for design and construction
of stormwater facilities and modeled using WWHM?2012 with a design infiltration rate of 6 inches
per hour (in/hr) in the bioretention soil. It was unclear whether an infiltration rate was applied to
the native subgrade. The facility has an underdrain as part of the design. Land use within the
drainage basin is primarily lawn and roadway. Per Sheet C22, “Bioretention Cell Details, Columbia
Water Quality Improvements,” Pacific Surveying and Engineering, October 30, 2017, the facility
design includes 3 inches of mulch and 18 inches of bioretention soil mix overlying a 6-inch “choker
course,” overlying 18 inches of mineral aggregate for bioretention cells. The facility contains a
4-inch-diameter perforated underdrain pipe bedded in the mineral aggregate. The underdrain
discharges to a catch basin, which also features a beehive grate with a rim 0.3 feet above the level
of the base of the facility. The catch basin discharges to the City storm drain system. The upstream
end of the perforated underdrain pipe terminates in another catch basin within the bioretention
cell.

The facility is designed to discharge 98.22 percent of inflow through the underdrain. Stormwater
enters the facility through two curbcuts along the eastern side of Utter Street. Only one curbcut, on
the northern end of the cell, is depicted on plan sheet C16 (Pacific Surveying and Engineering,
October 30, 2016). If water ponds up on the bioretention soil, the ponded water would discharge

Date: June 11, 2019 Page 3
Project No: 150387H007



Site BUW Associated Earth Sciences, Inc.
Bioretention Hydrologic Performance Study Technical Memorandum

into the beehive grate located near the south end of the cell, and then into the City storm drain
system. The rim of the Type | Catch Basin was designed to be 0.3 feet higher than the cell base to
create 0.3 feet of ponding depth. The facility was constructed and began receiving runoff after July
2017, based on review of historic aerial imagery.

4.0 SITE OBSERVATIONS

During AESI’s site visits, we made notes regarding the physical construction of the bioretention
facilities including documenting site inlet/outlet layout relative to site plans and qualitative
bioretention soil thickness and compaction. These notes were used to indicate key features of the
facility in Figure BUW F2, “Facility and Exploration Plan.”

e Level Survey: AESI conducted an elevation survey of the cell using a Leitz C40 automatic
level and a stadia rod. An arbitrary project datum was established for this survey, with the
east rim of the storm manhole cover on Utter Street, near the bioretention cell (identified
on the “BUW Level Survey Data” map in Appendix D) defined as project datum elevation
100 feet. All other elevations measured by the survey are relative to this project datum.
Key level data is summarized in Table 1. Additional data points are included in Appendix D
to this document. This survey was not conducted by a licensed surveyor. Surveyed
elevations are expected to be sufficiently accurate for this general assessment of facility
construction, but may be inaccurate for purposes requiring greater precision.

e Inflow: Two curbcuts are present along the west side of the cell:

O Primary: The primary inflow (Inlet 1) to the facility is a 1-foot curbcut, consistent
with project plans, which discharges onto a rounded rock energy dissipation pad
approximately 3 feet wide and 3 feet long. A small amount of water was discharging
during the brief period of rain at the time of our November 15, 2018 site visit.

0 Undocumented inflow: A second inflow (Inlet 2) to the facility is a 1-foot curbcut
entering near the southern end of the facility near the overflow beehive grate. This
inlet has an approximately 4-foot-wide by 3-foot-long energy dissipater pad, and
the inlet and pad are not shown on project plan sheets. A small amount of water
was discharging during the brief period of rain at the time of our November 15,
2018 site visit.

e Overflow: The overflow consists of a22-inch by 25-inch concrete catch basin with a beehive
grate (SDCB#29A). The rim of this grate is 0.5 inches to 2.5 inches above the base of the
facility, lower than the 0.3 feet specified on the plan sheets. During our November 15, 2018
site visit, while discharging water to the curb of the street uphill (north) of the northern
inlet, we observed a portion of the water flowing through the southern inlet and directly
into the overflow beehive grate, as discussed under “Infiltration Testing.”

Date: June 11, 2019 Page 4
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e AESI investigated the loose bioretention soil thickness present in cell BUW using a
geotechnical soil T-probe. This qualitative data was used in conjunction with the
hand-auger observations to understand loose soil thickness and relative potential
compactness of the bioretention soils at depth. AESI measured the depth of penetration of
the soils probe at locations generally arranged in an approximately 3-foot grid on the facility
base. Penetration of the T-probe generally ranged from approximately 1.2 to 1.7 feet and
averaged 1.5 feet. Probe penetration data is included in Appendix D to this document.

e AESI observed that the facility base generally slopes down to the south, such that the
overflow rim elevation (99.14-foot low point) is below the level of the cell base on the
northern, uphill, end.

Table 1
Summary of Cell BUW
Level Survey Data

Elevation
Location (feet, project datum)
Inlet #2 (S), curb top (S) 99.69
Inlet #2 (S), curb top (N) 99.85
Inlet #2 (S) curbcut S/low, inside lip 99.30
Overflow outer rim, SW corner/low 99.14
Overflow inside rim @ notch (W) 99.01
Inlet #2 (S) green pipe top/end 99.80
Inlet #1 (N) curb top (S) 100.17
Inlet #1 (N) curbcut center/low, inside lip 99.64
Inlet #1 (N) curb top (N) 100.10
Inlet #1 (N) green pipe top/end 100.22
WP-1TOC 101.30
Ponding Tube TOC (Baro) 100.78
Ponding Tube TOC (DL) 100.04

WP: well point; TOC: top of casing; DL: datalogger

5.0 SITE SETTING

The text sections below describe our research findings in regards to the topographic, geologic, and
hydrogeologic setting of the project site both from regional studies and background site-specific
geotechnical and groundwater studies. Our sources of information included the following:

e Site-specific documents cited previously under “Project and Site Description.”

e Easterbrook, D.J., 1976, Geologic Map of Western Whatcom County, Washington: U.S.
Geological Survey (USGS), Miscellaneous Investigations Series Map 1-854-B, scale 1:62,500,
Natural Resource Conservation Service (NRCS), Web Soil Survey, United States Department
of Agriculture (USDA), http://websoilsurvey.nrcs.usda.gov/, accessed January 2019.

Date: June 11, 2019 Page 5
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e Soil Survey of Whatcom County Area, Washington, United States Department of Agriculture
(USDA), Natural Resource Conservation Service (NRCS), in cooperation with Washington
State Department of Natural Resources (DNR) and Washington State University Agricultural
Research Center, 1992.

e Newcomb, R.C. et al., Ground-water Resources of Western Whatcom County, Washington,
U.S. Geological Survey (USGS) Open File Report 50-7, 1950.

5.1 Regional Topography and Project Grading

The project site is situated on a generally level terrace in the Bellingham Basin, near Bellingham
Bay. Squalicum Creek and Whatcom Creek, modern streams, have incised the terrain
approximately 2,500 feet northwest and 3,000 feet southeast of the site by up to about 50 feet.
The streams both discharge into Bellingham Bay. Elevations on the larger project site range from
about 70 to 80 feet.

On acloserscale, the area near cell BUW is relatively level, situated at about elevation 75 feet. The
site is located about 1,500 feet northeast from the coastline of Bellingham Bay. Sidewalk and road
areas surround the cell on the south, east, and west. Grass is present on the short northern edge. A
curb separates the paved surfaces from the cell.

The project site was previously developed with the construction of Utter and Washington streets,
and single-family residences in the area. Various utilities are present in the vicinity of the site,
including a buried water main which runs underneath the cell on the Utter Street (west) side.
Native grade is unknown, however minor cutting (about 3 feet) into the previously constructed
sidewalk and lawn area would have been required during construction, and previous construction
of utilities and development in the area would have required previous cutting and filling to place
the utilities present under the site.

5.2 Regional Geology and Background Geotechnical Information

According to D.J. Easterbrook, 1976, Geologic Map of Western Whatcom County, Washington: U.S.
Geological Survey, Miscellaneous Investigations Series Map 1-854-B, scale 1:62,500, the site vicinity
is underlain by outwash sand and gravel (Sumas Stade). As described on the geologic map, these
consist of sands and gravels. Bellingham Drift (Everson Interstade) is present in the vicinity.
As described on the geologic map, this consists of blue-gray, unsorted, pebbly sandy silt and pebbly
clay, with glaciomarine drift mantling upland areas. This is consistent with our observations and
interpretations of subsurface materials encountered in our explorations for this project.

e Bellingham Drift (Everson Interstade, Qb): Blue-gray, unsorted, unstratified, pebbly, sandy
silt and pebbly clay. Derived from rock debris melted out of floating ice and deposited on
sea floor. Locally contains mollusks and wood, radiocarbon dated between 11,000 and
12,000 years B.P., Glaciomarine Drift mantles upland areas between flood plains below
elevations of 600 feet.
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e Qutwash sand and gravel (Sumas Stade): Former outwash plain underlain by cobble and
boulder gravel near Canadian border, grading southwestward to sand near Lynden. Sandy
gravel between Everson and Laurel, grading to sand westward.

Background geotechnical information includes boring B2 (Element Solutions, 2016) within 20 feet
of cell BUW dated January 17, 2016, which reached depths of about 16.5 feet below current
grades. The explorations described in the geotechnical report (Element Solutions, 2016) identified
fill (asphalt and concrete) overlying a sequence of sand, silt, and clay layers in the vicinity of the
BUW site. Static groundwater was encountered at approximately 5 feet at the time of exploration.
Element Solutions did not make geologic unit interpretations.

5.3 Regional Soils and Soil Data Used in Site Stormwater Model

AESI reviewed the Soil Survey of Whatcom County Area, Washington, United States Department of
Agriculture (USDA), Natural Resource Conservation Service (NRCS), in cooperation with Washington
State Department of Natural Resources (DNR) and Washington State University Agricultural
Research Center, 1992. The soil survey identifies different soil map units based on parent material,
climate, topography (slope), organisms (biota), and time. The soils in the study area formed mostly
from young glacial deposits and have not had time to develop the deep weathering profiles present
in soils in unglaciated terrains. Instead, they exhibit a direct relationship to the underlying parent
material, local climate, topography, and vegetation.

Mapped soils in the project area consist of urban land - Whatcom-Labounty complex. Urban land is
land that has been heavily modified by development. Whatcom and Labounty soils form over
glaciomarine drift.

As described in the Pacific Surveying and Engineering, “Columbia Neighborhood Water Quality
Improvements,” Design Report, November 10, 2016, the pre-developed condition was modeled as
type C soils and impervious surfaces, consistent with mapped soil and background geotechnical
data.

5.4 Regional Hydrogeology and Background Groundwater Data

Regional hydrogeology is described in Groundwater Resources of Western Whatcom County,
Washington (R.C. Newcomb et al., 1950). Newcomb et al. (1950) indicates that glacial outwash can
be an aquifer where saturated, and that perched groundwater conditions can occur locally within
these units, particularly over till, silts, and clays such as those comprising glaciomarine drift.

On a closer scale, as described in the Drainage Report (Pacific Surveying and Engineering, 2016),
the site discharges ultimately to Bellingham Bay. Limited background groundwater level data was
collected in boreholes near the BUW site; however, perched groundwater was encountered at
approximately 5 feet below ground surface in both borings accomplished within “Zone A” which
the BUW site is situated within. One of these exploration borings was located within approximately
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20 feet of the location of cell BUW. Groundwater is expected to perch at this shallower depth
under the developed conditions due to stormwater infiltration from the bioretention cells.

6.0 BIORETENTION CELL SUBSURFACE EXPLORATION

Limited information on subsurface conditions was obtained for this study from hand-auger samples
and soil probe penetration measurements at about 2-foot increments in each hand-augered
borehole. Three hand-auger borings were performed in the facility bottom and advanced through
the bioretention soil and to the underlying material —two into the aggregate, and one into native
sediments. 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. At the conclusion of the excavation, the boreholes were immediately backfilled
with the excavated material or completed as a well point for water level monitoring (described
separately below).

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 B. A detailed record of the
observed bioretention soil, subsurface soil, geology, and groundwater conditions was made. The
sediments were described by visual and textural examination using the soil classification in general
accordance with ASTM D2488, “Standard Recommended Practice for Description of Soils.” The
depths indicated on the logs where conditions changed may represent gradational variations
between sediment types in the field. The exploration logs in Appendix B are based on the 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 Figure BUW F2, "Facility and Exploration Plan. Global Positioning System (GPS) coordinates for
the explorations were taken using a handheld GPS, and are summarized in Appendix B.

The results presented in this document are based on the explorations completed for this study and
review of background data. The number, locations, and depths of the explorations were completed
within site and budgetary constraints. Because of the nature of exploratory work below ground,
interpolation of subsurface conditions between field explorations is necessary. It should be noted
that differing subsurface conditions may sometimes be present due to the random nature of
deposition and the alteration of topography by past grading and/or filling.

6.1 Hand-Auger Borings

Hand-auger borings in cell BUW were completed on October 11, 2018. No rainfall was noted at the
time of exploration.

Hand-auger boring number 1 (BUW-HA-1/WP) and number two (BUW-HA-2), were completed in
the base of the cell, generally in the southern and northern ends, respectively. The borings
encountered bioretention soil mix to depths of 1.5 and 1.2 feet, respectively, overlying drain rock.
Hand-auger boring number 3 (BUW-HA-3), situated on the upper edge of the cell, encountered
0.3 feet of shredded wood chips and 1.7 feet of bioretention soil mix, overlying silt and very silty
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fine sand interpreted as glaciomarine drift at a depth of 2 feet, extending to the bottom of the
exploration at a depth of 3 feet. No seepage or caving was observed, except within the loose drain
rock and bioretention soil mix.

6.2 Well Points

A well point was installed in BUW-HA-1/WP. Key well point dimensions are provided in Table 2,
below.

Table 2
Summary of Cell BUW
Well Point Dimensions

Exploration in
which Well Total Length Total Depth Inside
Point was of Casing Stickup Height Casing Below
Well Point Installed (feet) Interior Diameter (feet) Ground Surface
BUW-HA- BUW-HA- . .
1/WP 1/WP 5.1 1.25 inch nominal 2 3.1

7.0 LABORATORY ANALYSIS

Laboratory testing included mechanical grain-size distribution and percent organic matter by
weight in accordance with the ASTM D422 and D2974, respectively. Bioretention soil was first
tested for organic matter content and then the burned material was tested for grain-size
distribution for comparison with the aggregate fraction of the bioretention soil mix guidance in the
2014 Ecology Manual. One sample of material interpreted as representative of the subgrade was
tested for grain-size distribution. The data is summarized in Table 3.

Table 3
Summary of Cell BUW
Organic Content and Grain Size Data

Organic Fines
Content Content
Exploratio | Depth (% by USCS Soil (% passing USDA Soil
n Number | (feet) Soil Type weight) Description #200) Cu Cc Texture*
BUW-HA-1 0.2- Bioretention 6.9 SAND, trace silt, 1.7 40 | 1.0 SAND
0.5 Soil trace gravel
BUW-HA-2 0.2- Bioretention 6.5 SAND, trace silt, 2.0 45 | 1.0 SAND
0.5 Soil trace gravel
BUW-HA-3 2.1- Glaciomarine Very silty SAND, 46.1 Sandy clay
2.6 Drift trace gravel to silt loam

USCS: Unified Soil Classification System; Cu: coefficient of uniformity; Cc: coefficient of curvature; USDA: U.S. Dept. of Agriculture;
*No hydrometers were performed. USDA soil texture range assumes fines consist entirely of silt to entirely of clay.
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7.1 Bioretention Soil Mix

We compared the organic content and burned fraction gradation against the general guidelines for
the bioretention soil mix (Table 4).

The organic content of the tested bioretention soils ranged between 6.5 and 6.9 percent by weight.
This meets the recommended organic content by weight of 5 to 8 percent in the 2014 Ecology
Manual.

The grain-size analysis test results on the burned soil fraction indicate that the bioretention soils
tested correlate to a “SAND” with trace to some silt and trace gravel based on ASTM D2487 Unified
Soil Classification System (USCS). The respective fines content as measured on the No. 200 sieve
was 1.7 to 2 percent, on the lower end or lower than the recommended range of 2 to 5 percent.
The coefficient of uniformity ranged from 4 to 4.5, meeting the recommended value of equal to or
greater than 4. The coefficient of curvature was 1, at the low end of the recommended range of
greater than or equal to 1 and less than or equal to 3. The soil mix was generally coarser-grained
with more than the recommended range of medium- to coarse-grained sand and not enough fine-
grained sand. The tested bioretention soil was a poorly-graded sand.

Table 4
General Guidelines for Bioretention Soil Mix (2014 Ecology Manual)
Compared to Averaged Cell BUW Site Data

Recommended
Parameter Range Cell BUW
Organic Content (by weight) 5 to 8 percent 6.7 percent by weight
Cu coefficient of uniformity 4 or greater 4.3
Cc coefficient of curvature 1to3 1
Sieve Size Percent Passing
3/8” (9.51 mm) 100 100
#4 (4.76 mm) 95 to 100 99.5
#10 (2.0 mm) 75 to 90 75.9
#40 (0.42 mm) 25to 40 14.9
#100 (0.15 mm) 41010 2.9
#200 (0.074 mm) 2to5 1.9

Note: The general guidelines for mineral aggregate gradation are from Table 7.4.1 of the 2014 Ecology Manual.
mm: millimeters.

7.2 Subgrade

In BUW-HA-1, a sample of native glaciomarine drift was sieved. The tested material correlatesto a
very silty SAND, trace gravel with 46.1 percent by weight of the material passing the No. 200 sieve.

The grain-size distribution data were also transformed to describe the USDA soil texture. The
grain-size distributions were normalized to the No. 10 sieve—i.e., the coarse sand and gravel
fraction of the sample is discounted and the remainder is taken as 100 percent of the sample. The
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fines were assessed relative to the No. 270 sieve. The respective USDA fines content as measured
on the No. 270 sieve after adjusting to remove the weight retained on the #10 sieve was
50.4 percent for the native glaciomarine drift.

8.0 INFILTRATION TESTING
8.1 General Infiltration Test Method

The infiltration test was conducted in general accordance with the 2014 Ecology Manual. The 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.

The water for testing was obtained from an on-site fire hydrant and conveyed to cell BUW with fire
hoses. 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. Water levels were monitored using a staff gauge (5SG-1) marked in 0.01-foot increments
installed adjacent BUW-HA-1/WP, a second temporary metal staff gauge (SG-2) marked in 0.01-foot
increments installed near the overflow beehive grate, within the well point with a digital water
level tape, and with digital pressure transducers. Data from the digital pressure transducers was
compensated for barometric response using a separate digital barometer. The area of the pool was
measured periodically during testing.

The infiltration test in cell BUW is discussed below, and results are presented in Table 5. Infiltration
test data is included in Appendix D to this document.

8.2 Infiltration Test in Cell BUW

AES| performed infiltration testing on November 15, 2018. Light rainfall was noted for
approximately 1 hour during testing and the rainfall contributed only minor inflow during that time.
Due to the high infiltration rate of the bioretention soil and lack of surface pooling, the inflow was
moved a few times during the test to observe cell performance, as described below.

Initially, inflow to the facility for the infiltration test was directed, through a diffuser, onto the cell.
Throughout the test, beginning approximately 40 minutes into testing, AESI observed discharge
from the underdrain.

Weirs for flow monitoring were in place at the time of testing. During this test, flow was initially
maintained at about 47 gpm, increased to 120 gpm temporarily and shut off after the inflow began
to backwater the flow monitoring device in the northern inlet, and flow back along the road, into
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the southern inlet, and into the southern portion of the facility at the base of the southern inlet.
During this time, water did not saturate the entire length of the facility base; it saturated only a
portion of the base around each inlet.

AESI then directed discharge into the roadway along the curb immediately next to the northern
inlet. AESI observed that, when discharging approximately 78 gpm to the curb, a portion of the flow
entered the northern inlet, and a portion of the flow bypassed the northern inlet and entered the
southerninlet. Approximately 5 gpm of the water bypassing the northern curbcut and entering the
southern curbcut flowed directly into the overflow beehive grate near the southern curbcut. At this
flow rate, water also bypassed the southern inlet, pooled on the road, and entered the storm drain
south of the southern inlet. AESI observed that with the flow reduced to approximately 41 gpm,
bypass of the southern inlet and weir did not occur, and no flow directly to overflow was observed.
When the flow was increased to 45 gpm, the portion of the flow bypassing the northern inlet to the
southern inlet began to bypass the southern inlet and flow into the storm drain south of the inlet.

For the final approximately 100 minutes of testing, AESI moved the discharge hose to near the well
point, and discharged water at approximately 120 gpm.

Approximately 31,000 gallons of water were used.

Water in the well point was monitored with a data logger during the infiltration test and responded
toinflow. Groundwater was not observed beneath the bioretention cell prior to the start of inflow.
The water level in the well point responded to inflow within several minutes, and rose to a depth of
approximately 1.5 feet below ground surface at the well point. AESI interprets this response to
indicate that water from the infiltration test infiltrated rapidly through the bioretention soil,
perched on the native subgrade, and then filled the facility base-course before entering the
underdrain.

After about 7 hours, AESI shut off the flow and monitored the water level as it fell. AESI observed
that the pooled water in the base of the facility infiltrated over the course of approximately 1
minute.

The constant-head test infiltration rate in Table 5 is calculated based on flow rate from the hose for
infiltration testing, and the wetted area of bioretention soil through which the water infiltrated,
and represents the infiltration rate of the bioretention soil. AESI observed the discharge from the
underdrains, indicating that the majority of inflow was leaving the facility via the underdrains and
little to no inflow was infiltrating into the subgrade.
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Table 5
Cell BUW
Infiltration Test Results

Surface Field Infiltration Rates
Area Total Approximate
(square Discharge Volume Constant- Constant-
feet, Time Discharged Head Level Head Test Falling-Head Test
Test No. ponding) (minutes) (gallons) (feet) (in/hr) (in/hr)
BUW
(bioretention 37 441 31,121 0.2 310 147
soil)
BUW Perched water response in Unknown; interpreted to be low
(subgrade) well point based on the underdrain outflow

in/hr: inches per hour.

9.0 CONCLUSIONS AND RECOMMENDATIONS

Portions of Cell BUW were inconsistent with the design shown on the civil plan sheets.
Observations on site design, shallow soil and groundwater conditions are discussed below.

e The overflow is lower relative to the facility base than shown on the plans, but is otherwise
generally consistent with the plans. Site design documents indicate that the ponding level
was designed as 0.3 feet. AES| observed that the facility base generally slopes down to the
south, such that the overflow rim elevation is below the level of the cell base on the
northern, uphill, end. There is an additional curbcut on the south side of the cell.

e Bioretention soil:
0 Thickness: The apparent thickness of loose bioretention soil based on soil probe
data was generally about 1.5 feet as indicated on the plan.
0 Composition: The soil tested in generally the recommended guidelines for organic
content and was generally coarser-grained with more than the recommended range
of medium- to coarse-grained sand and not enough fine-grained sand.

e Subgrade conditions: The subgrade is interpreted to consist of glaciomarine drift, with fill
soils present in the vicinity of existing utilities.

e Bioretention soil field infiltration rate:
O Measured at about 310 in/hr.
0 Water readily soaked through the bioretention soil mix and the field rate is
interpreted to represent the bioretention soil infiltration rate.

e Subgrade infiltration rate: Interpreted to be low and affected by unknown areas of fill
sediments. The majority of flow is interpreted to leave the cell via the underdrain.
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10.0 CLOSURE

We appreciate the opportunity to be of continued service to you on this project. Should you have
any questions regarding this document or other geotechnical/hydrogeologicaspects of the project,
please call us at your earliest convenience.

Anton D. Ypma
Staff Geologist

Jennifer H. Saltonstall I

Attachments: Figure BUW F1:
Figure BUW F2:

Appendix A:
Appendix B:
Appendix C:

Appendix D:
Appendix E:

JHS/Id
150387H007-6
Projects\20150387\KH\WP

Jennifer H. Saltonstall, L.G., L.Hg.
Principal Geologist/Hydrogeologist

Vicinity Map
Facility and Exploration Plan

Project Civil Plans

Current Study Exploration Logs and Laboratory Testing Data
Background Soil, Geology, and Groundwater Data (Regional Maps,
Previous Studies Exploration Logs and Laboratory Testing Data)
Soil Probe, Level Survey, and Field Infiltration Testing Data

Site Photos
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APPENDIX B

Current Study Exploration Logs and
Laboratory Testing Data



NWWELL- B 150387H007BUW.GPJ BORING.GDT 2/18/19

Geologic & Monitoring Well Construction Log

Project Number Well Number Sheet
150387H007 BUW-HA-1/WP 10f1
Project Name Bioretention Hydrologic Performance Study Location Bellingham, WA
Elevation (Top of Well Casing) 101.3 (Project Datum) Surface Elevation (ft) .3 (Project Datum
Water Level Elevation Dry Date Start/Finish 10/11/18.10/11/18
Drilling/Equipment Hand Auger Hole Diameter (in) 4 inches
Hammer Weight/Drop N/A
©
> — Q73
"g_g g 2| &2
8<% g | &&
= m on
2| —WELL CONSTRUCTION ? DESCRIPTION
.| |-] Threaded steel pipe 1.25 N Shredded Wood Chips
| t-.| inches |.D. with threaded Bioretention Soil Mix
-1 |-1 and vented PVC cap -2 to
1 -] 0.2feet
-] Shredded wood chips 0 to
.1 0.1feet
.| Top of well point at 0.2 feet
- g -1 Bioretention soil mix 0.1 to
i H 1.5 feet i Loose, moist, dark brown medium, SAND, trace silt, trace gravel;
= organic rich; massive (SP).
o'ogo o Gravel fill 1.5 to 2 feet Underdrain Gravel Bedding
b b Loose, angular gravel (0.5 to 0.75 inch), partially mixed with
b= ° bioretention soil mix.
o— o
P [—P
- o] o
— Driven into existing Boring terminated at 2 feet
— sediments 2 to 3.6 feet. Well completed at 3.6 feet on 10/11/18.
g Stainless steel jacket over Et?:ndrrl\ée Zomttr? pflr:slscgcfc |ntborehole and hand driven with slide
— stainless steel #60 gauze, ammer (o deptn of 5.6 1eet.
— welded to perforated steel
— pipe 0.4 to 2.9 feet
Threaded steel pipe 1.25
inches 1.D. and drive point
2.9 to 3.6 feet
' Note: ~4 inches of "dead |
space" below bottom of
perforated openings and total
inside depth. Total inside
depth = 5.1 feet.
— 5 —
Sampler Type (ST):
|:|:| 2" OD Split Spoon Sampler (SPT) |:| No Recovery M - Moisture Logged by: ADY
|]:| 3" OD Split Spoon Sampler (D & M) [| Ring Sample VA Water Level () Approved by: JHS
Grab Sample Shelby Tube Sample y Water Level at time of drilling (ATD)




Exploration Loq

Project Number Exploration Number Sheet
150387H007 BUW-HA-2 10f1
Project Name Bioretention Hydrologic Performan t Ground Surface Elevation (ft)
Location Bellingham, WA Datum N/A
Driller/Equipment Hand Auger Date Start/Finish
Hammer Weight/Drop _N/A Hole Diameter (in) _4 inches
— " 5 9. §2]
£ S| o|© 3
P 2 =8| Blows/Foot 2
3 |s| € 2285 3 5
g8 1 8 oo <
o n Q [aa) =
DESCRIPTION o= 10 20 30 40 ©
Shredded Wood Chips
Bioretention Soil Mix
-.-.1 Loose, moist, dark brown, medium SAND, trace silt, trace gravel; organic
S-1 |- -| rich; massive (SP).

Underdrain Gravel Bedding
Loose, angular gravel (0.5 to 0.75 inch), partially mixed with bioretention
soil mix.

Bottom of exploration boring at 1.5 feet.

AESIBOR 150387H007BUW.GPJ February 18, 2019

— 5
Sampler Type (ST):
[[] 2" oD spiit Spoon Sampler (SPT) [] No Recovery M - Moisture Logged by:  ADY
M 3op Split Spoon Sampler (0 &M) ] Ring sample Y water Level () Approved by: JHS
Grab Sample Shelby Tube Sample ¥ Water Level at time of drilling (ATD)




Exploration Loq

Project Number Exploration Number Sheet
150387H007 BUW-HA-3 10f1
Project Name Bioretention Hydrologic Performan t Ground Surface Elevation (ft)
Location Bellingham, WA Datum N/A
Driller/Equipment Hand Auger Date Start/Finish
Hammer Weight/Drop _N/A Hole Diameter (in) _4 inches
— " 5 9. §2]
£ S| 3l @
)= s 38|dl¢e Blows/Foot e
s S % = g- 25 E
a (T & SlZ® e}
DESCRIPTION 10 20 30 40
Shredded Wood Chips

S [-

Bioretention Soil Mix
Loose, moist, dark brown, medium SAND, trace silt, trace gravel; organic
rich; abundant fine roots; massive (SP).

AESIBOR 150387H007BUW.GPJ February 18, 2019

Grab Sample

Shelby Tube Sample! Water Level at time of drilling (ATD)

Glaciomarine Drift
s2 [
Siiff, slightly moist, brownish gray, very silty, medium SAND, trace gravel
(SM).
Bottom of exploration boring at 3 feet.
- 5
Sampler Type (ST):
[[] 2" oD spiit Spoon Sampler (SPT) [] No Recovery M - Moisture Logged by:  ADY
M 3op Split Spoon Sampler (0 &M) ] Ring sample Y water Level () Approved by: JHS




Moisture, Ash, and Organic Matter of Peat

and Other Organic Soils - ASTM 2974

Date Sampled

Project

Bioretention Hydrologic

Project No.

Soil Description

10/11/2018 Performance Monitoring Study 150387 E007 Bioretention soil mix
Tested By Location EB/EP No. Depth
BN Onsite- BUW

Moisture Content

Sample ID HA-1 (0.2'-0.5") HA-2 (0.2'-0.5")

Wet Weight + Pan 983.51 783.83

Dry Weight + Pan 925.90 699.81

Weight of Pan 534.24 392.48

Weight of Moisture 57.61 84.02

Dry Weight of Soll 391.66 307.33

% Moisture 12.8 215

Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 623.06 631.32

Dry Soil After Burn + Pan 607.01 615.87

Weight of Pan 391.92 391.91

Wt. Loss Due to Ignition 16.05 15.45

Actual Wt. Of Soil After Burr 215.09 223.96

% Organics 6.9 6.5

ASSOCIATED EARTH SCIENCES, INC.

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




Particle Size Distribution Report

£ €55 g ggg g 888
© ™ ﬂ j j PN > M 3 I #F ¥ 3 #F H H
100 i i BERE i T \T\\ i i i i i i ******** Bioretention Cell Soil Mix Spec.
50 T RN T
AR IR STl
% TR TR PRSI T
0 L L A L
D: | | I | | | | | | \ \\ | | | | |
L 1 A A R I 1 A 1 1 ol
Z 60 } H 1 i 1 1 Tt
z A N
= o =TT TR
@) 1 A R 1 NERN 1 ol
ﬁ 40 1 B R ] SENEE ] i
a U NN
30 1 3 B R 1 1 NI 1
U TN
20 MITIEEE ST LN
1 A R 1 1 \‘1 NN
1 I A 1 1 NN N
10 1 A A R N 1 1 TNGL IR
0 IR N AN IR
100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
i Coarse Fine Coarse Medium Fine Silt \ Clay
0.0 0.0 0.6 23.0 62.2 125 17
TEST RESULTS Material Description
Opening Percent Spec.* Pass? SAND, tracesilt, trace gravel
Size Finer (Percent) (X=Fail)
2 100.0
15 100.0 Atterberg Limits (ASTM D 4318)
1 100.0 PL= NP LL= NV PI=
75 100.0 e
375 100.0 100.0 Classification
#4 994 05.0 - 100.0 USCS (D 2487): SP AASHTO (M 145): A-1-b
#3 84.1 Coefficients
#10 764 75.0-900 Dgo= 27742 Dgs= 24138 Deo= 14126
#20 37.8 Dgo= 11314 D3g= 0.6964 D15= 0.4388
#40 14.2 25.0-40.0 X D1o= 0.3518 Cy= 4.02 Cc= 098
#60 51
#100 2.7 40-10.0 X . Remarks
#200 1.7 2.0-50 X Collected by: ADY
Bioretention soil mix burned first per ASTM D2974 then sieved.
Date Received: 10/16/2018 Date Tested: 11/12/2018
Tested By: BN
Checked By: JHS
Title:

* Bioretention Cell Soil Mix Spec.

Source of Sample: (BUW) Bellingham- Utter and Washington

Sample Number: HA-1

Depth: 0.2-0.5 Date Sampled:

Client:

Project:

Project No:

Clear Creek Solutions
Bioretention Hydrologic Performance Study

150387 H004 Figure

10/11/2018




Particle Size Distribution Report

€ £ £§ £5 £5 9 s 3g g 888
© ™ ﬂ j j PN > M 3 I #F ¥ 3 #F H H
100 i i BERE i T \T\\ i i i i i i ******** Bioretention Cell Soil Mix Spec.
o0 TN T
AR AR Sl
% T T TSR T T
0 R A
D: | | I | | | | | | \\ \\ | | | | |
L 1 A A R I 1 N 1 1 ol
Z 60 1 H 1 i 1 1 Tt
z iR N
E 50 } B R 1 T 1 i
Lu | | [ | | | | | | I\ | | | | |
o L NI L]l
wo T T NIV NEEEII
o 1 A A R I 1 NN ol
30 1 3 B R 1 1 NI 1
U TN
20 A NS
O TSN
10 T TNGRE
0 BN A L] [T~
100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
i Coarse Fine Coarse Medium Fine Silt \ Clay
0.0 0.0 0.5 24.2 59.7 13.6 2.0
TEST RESULTS Material Description
Opening Percent Spec.* Pass? SAND, tracesilt, trace gravel
Size Finer (Percent) (X=Fail)
2 100.0
15 100.0 Atterberg Limits (ASTM D 4318)
1 100.0 PL= NP LL= NV PI= NP
75 100.0 e
375 100.0 100.0 Classification
#4 995 05.0 - 100.0 USCS (D 2487): SP AASHTO (M 145): A-1-b
#3 83.7 Coefficients
#10 75.3 75.0-90.0 Dgo= 2.7655 Dgs= 2.4287 Dgo= 1.4805
#20 36.1 Dgo= 1.1945 D3g= 0.7142 D15= 0.4149
#40 15.6 25.0-40.0 X D1g= 0.3270 Cy= 453 Cc= 105
#60 6.0
#100 31 40-10.0 X . Remarks
#200 2.0 2.0-50 Collected by: ADY
Bioretention soil mix burned first per ASTM D2974 then sieved.
Date Received: 10/19/2018 Date Tested: 11/12/2018
Tested By: BN
Checked By: JHS
Title:

* Bioretention Cell Soil Mix Spec.

Source of Sample: (BUW) Bellingham- Utter and Washington

Sample Number: HA-2

Depth: 0.2-0.5'

Date Sampled:

10/11/2018

Client:

Project:

Project No:

Clear Creek Solutions
Bioretention Hydrologic Performance Study

150387 H004

Figure




Particle Size Distribution Report
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(no specification provided)
Source of Sample: (BUW) Bellingham- Utter and Washington

Sample Number: HA-3

*

10/11/2018

Date Sampled:

Depth: 2.1-2.6'

Clear Creek Solutions

Client:

Bioretention Hydrologic Performance Study

Project:

Figure

150387 H004

Project No:




APPENDIX C

Background Soil, Geology, and Groundwater Data
(Regional Maps, Previous Studies Exploration Logs
and Laboratory Testing Data)



48° 46'17"N

48° 44'43"N

122° 31'18"W

Soil Map—Whatcom County Area, Washington
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;;: Map Scale: 1:20,400 if printed on A landscape (11" x 8.5") sheet.
o Meters
§ N o 300 600 1200 1800
Feet
0 500 1000 2000 3000
Map projection: Web Mercator Comer coordinates: WGS84  Edge tics: UTM Zone 10N WGS84

USDA  Natural Resources
=== Conservation Service

Web Soil Survey

537800

National Cooperative Soil Survey

5400100

122° 27'40"W

1/11/2019
Page 1 of 3
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Soil Map—Whatcom County Area, Washington

LY Rock Outcrop

Saline Spot

L]

. Sandy Spot

L]
@

Severely Eroded Spot

]

s} Sinkhole
) Slide or Slip
ﬁ Sodic Spot

Area of Interest (AOIl) = Spoil Area
Area of Interest (AOI) 8 Stony Spot
Soils i) Very Stony Spot
Soil Map Unit Polygons
bl Wet Spot
— Soil Map Unit Lines !
Fa) Other
o Soil Map Unit Points
- Special Line Features
Special Point Features
o) Blowout Water Features
Streams and Canals
Borrow Pit
Transportation

-1 Clay Spot Rails
o Closed Depression — Interstate Highways
;H; Gravel Pit US Routes
S Gravelly Spot Major Roads
@ Landfil Local Roads
A Lava Flow Background
o Marsh or swamp - Aerial Photography
L= Mine or Quarry
@ Miscellaneous Water
@ Perennial Water

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Whatcom County Area, Washington
Survey Area Data: Version 18, Sep 10, 2018

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed:
2011

Jul' 9, 2010—Aug 28,

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

USDA  Natural Resources
=== Conservation Service

Web Soil Survey
National Cooperative Soil Survey

1/11/2019
Page 2 of 3




Soil Map—Whatcom County Area, Washington

Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
11 Bellingham silty clay loam, 0 to 25.0 1.7%
2 percent slopes
29 Chuckanut-Urban land 0.7 0.0%
complex, 5 to 20 percent
slopes
82 Kickerville-Urban land 187.2 12.8%
complex, 0 to 3 percent
slopes
120 Pits, gravel 38.3 2.6%
171 Urban land 333.2 22.9%
172 Urban land-Whatcom- 527.8 36.2%
Labounty complex, 0 to 8
percent slopes
Totals for Area of Interest 1,457.1 100.0%
USDA Natural Resources Web Soil Survey 1/11/2019
== Conservation Service National Cooperative Soil Survey Page 3 of 3



Excerpt from:

Easterbrook, D.J., 1976, Geologic map of western Whatcom County, Washington: U.S. Geological Survey, Miscellaneous
Investigations Series Map I-854-B, scale 1:62,500



https://ngmdb.usgs.gov/Prodesc/proddesc_9725.htm

@* Boring Location
(D Test Pit Location
Zone A
Zone B
Zone C

Williams Street

g 8
= 7]
g g
s o
Zone A 2 L
G S Zone B
o
=
5 Utter Street ﬂ
kol
B v £
2 &
(7] © 5
= o 2
2 o 2
k! 5 £
o) = S 8
Walnut Street =z =
Zone C

Park Street

[l

& Elizabeth Street

Columbia Neighborhood Water Quality Improvement Project

ELEMENT Solutions _+ 1812 Cornwall Avenue, Bellingham, WA 98225« _Tel: (360) 671-9172 _»

Document Path: Upseserveriprojects\Pse Projecti2014221\ENVRMNT\Borings_2+17-2016_2-18-2016\Figures\Fig_3_ZoneMap_11x17.mxd Date: 3/3/2016



Appendix I

1) Test Pit Logs (TP1-TP4) - December 17, 2015
2) Borehole Logs (B1-B5) - February 17 to 18, 2016
3) Laboratory Test Data - GeoTest Services, Inc., March 3, 2016



GENERAL BH / TP / WELL - GINT STD US LAB.GDT - 3/3/16 16:09 - C:\USERS\PUBLIC\DOCUMENTS\BENTLEY\GINT\PROJECTS\COLUMBIATESTPITS_2014221_12-2015.GPJ

Element Solutions

1812 Cornwall Avenue
Bellingham, WA 98225
Telephone: 360-671-9172
Fax: 360-671-4685

CLIENT _City of Bellingham Public Works Department

PROJECT NUMBER _2014221

TEST PIT NUMBER TP1

PAGE 1 OF 1

PROJECT NAME _Columbia Neighborhood Infiltration Test Pits

PROJECT LOCATION _Columbia Neighborhood - Bellingham, WA

DATE STARTED 12/7/15 COMPLETED 12/7/15 GROUND ELEVATION 69.7 ft TEST PIT SIZE _16 square feet
EXCAVATION CONTRACTOR _Ram Construction GROUND WATER LEVELS:
EXCAVATION METHOD _Kubota KX121-3 Excavator AT TIME OF EXCAVATION -
LOGGED BY MG CHECKED BY PP AT END OF EXCAVATION -
NOTES AFTER EXCAVATION -

&

.o

T | 5|9 |3
he|l we | o |ag MATERIAL DESCRIPTION
w=| #2 | v S -
o |52 |5

Z O

[7p]

0
- — (oL)
oL ——|

68.7

CL

(CL) Firm to stiff silty CLAY; tan, with some redoximorphic mottling.

66.7

Bottom of test pit at 3.0 feet.




GENERAL BH / TP / WELL - GINT STD US LAB.GDT - 3/3/16 16:09 - C:\USERS\PUBLIC\DOCUMENTS\BENTLEY\GINT\PROJECTS\COLUMBIATESTPITS_2014221_12-2015.GPJ

Element Solutions

1812 Cornwall Avenue
Bellingham, WA 98225
Telephone: 360-671-9172
Fax: 360-671-4685

CLIENT _City of Bellingham Public Works Department

PROJECT NUMBER _2014221

TEST PIT NUMBER TP2

PAGE 1 OF 1

PROJECT NAME _Columbia Neighborhood Infiltration Test Pits

PROJECT LOCATION _Columbia Neighborhood - Bellingham, WA

DATE STARTED _12/7/15 COMPLETED 12/7/15 GROUND ELEVATION 76.8 ft TEST PIT SIZE _12 square feet
EXCAVATION CONTRACTOR _Ram Construction GROUND WATER LEVELS:
EXCAVATION METHOD _Kubota KX121-3 Excavator AT TIME OF EXCAVATION _---
LOGGED BY _MG CHECKED BY _PP AT END OF EXCAVATION _---
NOTES AFTER EXCAVATION _---

o

.o

T | Fh |43
Fe| wa | 6 |28
BE| o= prd é 9 MATERIAL DESCRIPTION
o | 52|53

Z [©)

&

0

- —] ORGANIC SOIL, (OL)

OL [——]
1 — 1.0 75.8
(CL-ML) Silty CLAY with some gravel and sand.
B - CL-
ML
2
] 74.6
(GW) Well graded GRAVEL with sand and some fines.
3 73.8

Bottom of test pit at 3.0 feet.




GENERAL BH / TP / WELL - GINT STD US LAB.GDT - 3/3/16 16:09 - C:\USERS\PUBLIC\DOCUMENTS\BENTLEY\GINT\PROJECTS\COLUMBIATESTPITS_2014221_12-2015.GPJ

Element Solutions

1812 Cornwall Avenue
Bellingham, WA 98225
Telephone: 360-671-9172
Fax: 360-671-4685

CLIENT _City of Bellingham Public Works Department

PROJECT NUMBER _2014221

DATE STARTED 12/7/15 COMPLETED 12/7/15
EXCAVATION CONTRACTOR _Ram Construction

TEST PIT NUMBER TP3

PAGE 1 OF 1

PROJECT NAME _Columbia Neighborhood Infiltration Test Pits
PROJECT LOCATION _Columbia Neighborhood - Bellingham, WA
GROUND ELEVATION 76.3ft TEST PIT SIZE _12 square feet

GROUND WATER LEVELS:
EXCAVATION METHOD _Kubota KX121-3 Excavator AT TIME OF EXCAVATION _---
LOGGED BY _MG CHECKED BY _PP AT END OF EXCAVATION _---
NOTES AFTER EXCAVATION _---
&
. |o
T | Fh |43
Fe| wa | 6 |28
LE| I P é o] MATERIAL DESCRIPTION
o 152|516
<
(%)
0
= — GRAVELLY ORGANIC SOIL, (OL)
S oL [——
[ [— o8 75.5
(GW) Well graded GRAVEL with sand and some fines; occasional cobbles and construction debris (FILL).
1
GW
2
3 3.0 73.3

Bottom of test pit at 3.0 feet.
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Element Solutions

1812 Cornwall Avenue
Bellingham, WA 98225
Telephone: 360-671-9172
Fax: 360-671-4685

CLIENT _City of Bellingham Public Works Department

PROJECT NUMBER _2014221

TEST PIT NUMBER TP4

PAGE 1 OF 1

PROJECT NAME _Columbia Neighborhood Infiltration Test Pits
PROJECT LOCATION _Columbia Neighborhood - Bellingham, WA

DATE STARTED _12/7/15 COMPLETED _12/7/15 GROUND ELEVATION _80.1 ft TEST PIT SIZE _12 square feet
EXCAVATION CONTRACTOR _Ram Construction GROUND WATER LEVELS:
EXCAVATION METHOD _Kubota KX121-3 Excavator AT TIME OF EXCAVATION _---
LOGGED BY _MG CHECKED BY _PP AT END OF EXCAVATION _---
NOTES AFTER EXCAVATION _---
&
1O
T | Fh |43
Fe| wa | 6 |28
LE| I P é o] MATERIAL DESCRIPTION
o |32 |5
Z O]
(%)
0
= — ORGANIC SOIL, (OL) topsoail fill
oL ——
1 — 1.0 79.1
(CL-ML) Silty CLAY with fine sand and occasional gravel; tan to dusky yellowish brown.
CL-
N _ ML
2
77.6
(GW) Well-graded GRAVEL with sand and some fines; tan to light brown.
3 771

Bottom of test pit at 3.0 feet.
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Element Solutions

1812 Cornwall Avenue
Bellingham, WA 98225
Telephone: 360-671-9172
Fax: 360-671-4685

CLIENT _City of Bellingham Public Works Department

PROJECT NUMBER _2014221

DATE STARTED 2/17/16 COMPLETED 2/17/16
DRILLING CONTRACTOR _Holocene Dirilling Inc.

DRILLING METHOD _Hollow Stem Auger (HSA)

BORING NUMBER B1

PAGE 1 OF 1

PROJECT NAME _Columbia Neighborhood Drainage Improvement Project

PROJECT LOCATION _Columbia Neighborhood - Bellingham, WA

GROUND ELEVATION _70.67 ft NAVD 88 HOLE SIZE _3 inches

GROUND WATER LEVELS:
V AT TIME OF DRILLING _7.50 ft/ Elev 63.17 ft

LOGGED BY _MG CHECKED BY _PP ¥ AT END OF DRILLING 5.00 ft / Elev 65.67 ft
NOTES AFTER DRILLING _---
W ATTERBERG E
B z = e LIMITS
) So |> oo (U [ |8 = e
e T FW |x=s| =ED o - ~|5E i pd
Fela g wo (W8 322 2|55 |RZ2|a |9 |Ex|OE
gEe ég MATERIAL DESCRIPTION os >g _,3<>n: §gD&mL'|_J =~ oX|lo=
F: L2 8= @82 [§ |~ oz|o= |22 K29
= e | -
5| g |&§ 8|77~ |3%|z
o i
Asphalt (FILL).
B Concrete (FILL).
i SAND with fines (SP/SM).
W GB
" Stiff; tan silty CLAY with trace fine sand (CLML). |
i 5-8-7
i >< SS | 89 (15)
5 " Medium dense; medium grained SAND with some silt (SP/SM). 1% |
gravel, 75% sand, 24% silt (composite sieve, 2.5-6.4 feet bgs).
i 4-6-5
i >< SS | 100 (1)
B " Stiff; tan silty CLAY. Blocky fracture, desiccated (CL). |
" Loose to medium dense; poorly graded SAND with some silt (SP). 2% |
B gravel, 86% sand, 12% fines (composite sieve, 7.5-11 feet bgs). 7-5-7
SS | 100
B (12)
i 3-3-5
SS | 100
L >< ®)
i * Firm; tan CLAY with silt and fine sand, some redox mottling observed |
12.5 (CL/ML). 16% sand, 84% fines.
_____________________________ ss 100 | %39
B 7] Loose; medium grained silty SAND (SP/SM).

Bottom of borehole at 14.0 feet.
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Element Solutions BORING NUMBER B2

1812 Cornwall Avenue PAGE 1 OF 1

Bellingham, WA 98225
Telephone: 360-671-9172
Fax: 360-671-4685

CLIENT _City of Bellingham Public Works Department PROJECT NAME _Columbia Neighborhood Drainage Improvement Project

PROJECT NUMBER _2014221 PROJECT LOCATION _Columbia Neighborhood - Bellingham, WA

DATE STARTED _2/17/16 COMPLETED _2/17/16 GROUND ELEVATION _74.88 ft NAVD 88 HOLE SIZE _3 inches

DRILLING CONTRACTOR _Holocene Dirilling Inc. GROUND WATER LEVELS:
DRILLING METHOD _Hollow Stem Auger (HSA) V AT TIME OF DRILLING _7.50 ft / Elev 67.38 ft

LOGGED BY _MG CHECKED BY _PP Y AT END OF DRILLING _5.00 ft / Elev 69.88 ft

NOTES AFTER DRILLING _---

ATTERBERG
LIMITS

MATERIAL DESCRIPTION

DEPTH
(ft)
GRAPHIC
LOG
BLOW
COUNTS
(N VALUE)

LIMIT
LIMIT
PLASTICITY

MOISTURE
PLASTIC

CONTENT (%)

LIQUID

INDEX
FINES CONTENT

SAMPLE TYPE
NUMBER
RECOVERY %
(RQD)
POCKET PEN
(tsf)

DRY UNIT WT.
(pcf)

(%)

Asphalt (FILL).
Concrete (FILL).

Sand with fines (SP/SM).

2-4-8
(12)

SS | 78

R
R

224
A

Medium dense; medium to coarse grained SAND with some gravel
(SW/IGW).

°
°

9-13-9

SS | 56 22)

75 kv

Medium dense to dense; gravelly well-graded SAND with some silt
grading to fine sand at 16.3' bgs (SW/SM). 15% gravel, 78% sand, 7%
fines.

10-22-26

SS | 72 (48)

)

&3
B5GCE
3000
B
B

10.0

o
o o

T
|
¥
o,
I
L2

0 6 0 0 o

T
|
—
oro T o
BOSCOE
-
O

°

ST o
)<
o o o
303
o o o

RO

13-15-18
(33)

%7

SS | 83

-5
o

0%0%0%
£
o

0 0 0 0 0 o

o o o

°

B5ES

12.5

T T
1 |
- R
oo‘f"ogoot%
BOGOS
0°5%6%%6%
O o(
XN L
0%0°%°0 % ls% %
[
H

T
]

63

0

0000
° OQO

%
303

Mﬁo

o o o
0 6 0 0 o

12-14-15

SS | 100 (29)

o o o
o,
°

%7

e o
B
0%0%0%
020%0%e2
£
o

E3E
o o
o
o o o

°
0 0 0 0 0 o

X)

T

1
roeoere
otetoloo

5-9-10

SS | 94 (19)

\ CLAY (CL). p

Bottom of borehole at 16.5 feet.




Element Solutions BORING NUMBER B3

1812 Cornwall Avenue
PAGE 1 OF 1
Bellingham, WA 98225
Telephone: 360-671-9172
Fax: 360-671-4685
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CLIENT _City of Bellingham Public Works Department PROJECT NAME _Columbia Neighborhood Drainage Improvement Project
PROJECT NUMBER 2014221 PROJECT LOCATION _Columbia Neighborhood - Bellingham, WA
DATE STARTED _2/18/16 COMPLETED _2/18/16 GROUND ELEVATION _75.21 ft NAVD 88 HOLE SIZE _3 inches
DRILLING CONTRACTOR _Holocene Dirilling Inc. GROUND WATER LEVELS:
DRILLING METHOD Hollow Stem Auger (HSA) AT TIME OF DRILLING --- No groundwater observed during/after drilling.
LOGGED BY _MG CHECKED BY _PP AT END OF DRILLING _---
NOTES AFTER DRILLING _---
W ATTERBERG E
B z = e LIMITS
) So |> oo (U [ |8 = e
e T FW |x=s| =ED o - ~|5E i pd
FEolzQ wa (WS 3z2 [F2|5%|RZ|a, |9, |Ex|Os
hE (@] MATERIAL DESCRIPTION as >g U5« mg%amm S-|EE gﬁ o
87 15° 23 |85 232 |37[27(85 (25|25 |58 ¢
< =1 ] Z|W
5 |& g |&§ 8|77~ |3%|z
o i
Asphalt (FILL).
B Concrete (FILL).
i Medium dense; poorly graded GRAVEL with sand and occasional
s cobbles (GP/GW).
i 5-6-7
i SS | 44 (13)
Note: Coarse gravel and cobbles, rough drilling F/~5' T/ ~8' bgs.
- W GB
q
o
10.0 [o (\°
o 0 52% gravel, 45% sand, 3% fines (composite sieve, 10-16.5 feet bgs).
- 09J 7-13-15
o 60 SS | 61 (28)
DOQ o
B 9O
o 6‘:’
- _)OOD
12.5 q
o 6‘:’
- 5 D 12-14-14
i b SS | 56 (28)
o 6‘:’
- —)o 0
S (]
= = ° 60
150 D, o
S (]
- ‘)"G° ss | s | 111211
B 1o b (23)
6Q
MN\o

Bottom of borehole at 16.5 feet.
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Element Solutions BORING NUMBER B4

1812 Cornwall Avenue
PAGE 1 OF 1
Bellingham, WA 98225
Telephone: 360-671-9172
Fax: 360-671-4685

CLIENT _City of Bellingham Public Works Department PROJECT NAME _Columbia Neighborhood Drainage Improvement Project

PROJECT NUMBER _2014221 PROJECT LOCATION _Columbia Neighborhood - Bellingham, WA

DATE STARTED _2/18/16 COMPLETED _2/18/16 GROUND ELEVATION _76.63 ft NAVD 88 HOLE SIZE _3 inches

DRILLING CONTRACTOR _Holocene Drilling Inc. GROUND WATER LEVELS:
DRILLING METHOD Hollow Stem Auger (HSA) AT TIME OF DRILLING --- No groundwater observed during/after drilling.

LOGGED BY _MG CHECKED BY _PP AT END OF DRILLING _---

NOTES AFTER DRILLING _---

ATTERBERG
LIMITS

MATERIAL DESCRIPTION

DEPTH
(ft)
GRAPHIC
LOG
BLOW
COUNTS
(N VALUE)

LIMIT
LIMIT
PLASTICITY

MOISTURE
PLASTIC

CONTENT (%)

LIQUID

INDEX
FINES CONTENT
(%)

SAMPLE TYPE
NUMBER
RECOVERY %
(RQD)
POCKET PEN
(tsf)

DRY UNIT WT
(pcf)

Asphalt (FILL).
- Pit run (FILL)

Loose to dense; poorly graded GRAVEL with silt, sand and occasional
cobbles (GP). 55% gravel, 36% sand, 9% fines.

54

5 O T
OO

o

0

2.5

S0

6-5-4
(9)

\ )

0

SS | 22

S0

\ )

GO

5.0

\ )

0

4-9-15
(24)

S0

SS | 22

T
|
\ )

0

S0

OO

7.5

C

0

5-5-14

SS | 22 (19)

o ©

o

T
|
\)

0

\S e
o

0

10.0

o ©

o

14-19-24

SS | 22 (43)

\ )

T
1
0

T
~
OﬂO OﬂO OﬂO OﬂO OﬂO OﬂO 0(*}0 OﬂO OﬂO omO OﬂO omO OﬂO a

e e e e

12.5

14-15-11

SS | 56 (26)

Bottom of borehole at 14.0 feet.




Element Solutions

1812 Cornwall Avenue
Bellingham, WA 98225
Telephone: 360-671-9172
Fax: 360-671-4685

CLIENT _City of Bellingham Public Works Department

PROJECT NUMBER _2014221

DATE STARTED _2/18/16 COMPLETED _2/18/16

BORING NUMBER B5

PAGE 1 OF 1

PROJECT NAME _Columbia Neighborhood Drainage Improvement Project

PROJECT LOCATION _Columbia Neighborhood - Bellingham, WA

GROUND ELEVATION _80.07 ft NAVD 88 HOLE SIZE _3 inches
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DRILLING CONTRACTOR _Holocene Dirilling Inc. GROUND WATER LEVELS:
DRILLING METHOD _Hollow Stem Auger (HSA) Y AT TIME OF DRILLING _6.00 ft / Elev 74.07 ft
LOGGED BY _MG CHECKED BY _PP AT END OF DRILLING _---
NOTES Y 0.1hrs AFTER DRILLING _5.75 ft / Elev 74.32 ft
W ATTERBERG E
B z = e LIMITS
) So |> oo (U [ |8 = e
T |8 Fu |z =2ED |2 | E £ |z
E~|fo wo |(wug Z2 |[FolE%5|R=Z o |6z
&5 e MATERIAL DESCRIPTION Ys 59| 952 (wé gg';,m QL EE oﬁ o
87 |5° 25 8% ©82 |52 |5 (22 |22 6k g
< =3 ] Z (W
5| g |% [Z8|=77 a7 |35%|z
o i
Asphalt (FILL).
i Concrete (FILL).
i Asphaltic road bed material (FILL).
25
L " Disturbed ground (FILL); medium dense; silty CLAY with redox |
mottling, gravel and silt. Note: Approx 1" diameter metal pipe SS | 39 3-7-13
B — (unmarked inactive utility) encountered at ~6' bgs; temporarily halted (20)
drilling, continued drilling T/ TD after confirming utility was inactive.
5.0 Blow count exaggerated over interval (5' - 6.5') due to buried pipe.
§ T v 17-40-43
L v OINR| O (83)
I & " Medium dense; angular, well graded GRAVEL (GW). |
L
- CRL)
7.5 D
. "
n fo d
7’7 _S_____________ _______________ SS 83 10-9-4
B | tiff; silty CLAY with trace very fine sand (CL/ML). (13)
L " Firm to stiff; glaciomarine drift CLAY (CL). |
10.0
- 2-3-7
i | >< SS | 100 (10)
i 105 Il " Loose; fine to very fine SAND with silt (SP/SM). |
§ 3-2-4
SS | 100
L >< (6)
i " Very soft; glaciomarine drift CLAY (CL).
15.0
§ T 1-1-1
SS | 100
I @)

Bottom of borehole at 16.5 feet.




Sieve Analysis Test Report - ASTM C136/C117

24

% Fines
Silt

oog#f————J———— P

SA006

OVT#f—————————f—————f——— [t >

0 R . L  :”H»OHL

15—
o=

Date: 2-18-2016

Dgo= 0.3337

Fine
47
Pl
D
C
Figure

09# |- ——— A=

Limits
AASHTO

1.0442
0.1143

ov#f————_-———-1-—- ¥ -tk ----

NV

Coefficients

85~

30~
Remarks

oe# \\

Classification

% Sand
LL
D
D

Material Description

Atterber

Oe#f————J-——- ogt-——F—F—Ft—F—FJ—F -

23

oT#

Medium
SM

NP

50= 0.2708

10=
16-0077

Columbia Neighborhood Geotechnical
Specification was not provided by client.

B-1 at 2.5-6.4 feet

silty sand
Dgp= 1.4790

PL
D
D
USCS
Element Solutions
General Services

GRAIN SIZE - mm.

Coarse

O e N

Client:
Project:
Project No:

NO)

PASS?
(X
Checked By: DL

wegy-———-A-—----F- -

Fine

VTIE7'Y 5 0 s 1

U e L N N N N

SPEC.*
PERCENT

U]

% Gravel

T2 g e N S

FINER

Coarse
PERCENT

B e e I m e i

Ul || __]

d3NI4 LIN3OH3d

(no specification provided)

SIEVE
SIZE
1-1/2"
3/4"
3/8"
#10
#20
#40
#60
#100
#200

*

Location: Columbia Neighborhood Geotechnical - B-1 at 2.5-6.4 feet

Sample Number: 7367

% +3"

Tested By: SE




Sieve Analysis Test Report - ASTM C136/C117

SA007

15= 0.1337

c=

Date: 2-18-2016

Dgo= 0.4369

Pl

D

C
Figure

Limits
0.6945
0.2906

AASHTO

NV

Coefficients

85~

30~
Remarks

Classification

LL
D
D

Material Description

Atterber

SP-SM

0.8091
0.3816

= NP
90=
50=
16-0077

10=

Columbia Neighborhood Geotechnical
Specification was not provided by client.

B-1 at 7.5-11.5 feet
poorly graded sand with silt

USCS

PL
D
D

D
General Services

Element Solutions

Client:
Project:
Project No:

NO)

PASS?
(X
Checked By: DL

SPEC.*
PERCENT

FINER

PERCENT

%]
Q
Szl
Lo —
3
002#|————o—————f—————f———— - Mv \\\\\\
| 1
ovt#f—————————f—————f -
O0T#|-————o—————f—————p—— b
[
O
s
LS o R I Bt E VN \\\\\\\\\\\\
>
\\
oﬂu\\\\\\\\\\\:\\\\\\\\\% \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
e}
j
os# T &
X
£
oe#p--—-f-—--—-—-F-——--Fp-———--J--—---oF-———---p-—---J - =1
/ m A
£
1S
]
N
oT# —
ﬁ n
=
g |2
ad <
O |8
L] RO T Ittt ittt el et tts oottt etk Sttt et
[
gy == —J————— - —— oo PP ——— <
w
wef o —— o
L e e e e T e e e
]
X
wip— 4|+ 44+
b
UIAT Yy ——m e o ]
o
o
U= —————
wep-———-A——— o+ L4 4 44
o o o o o o o o o o o
m (e} [e0] ~ () [Te) < ™ N —

d3NI4 LIN3OH3d

(no specification provided)

SIEVE
SIZE
*

Location: Columbia Neighborhood Geotechnical - B-1 at 7.5-11.5 feet

Sample Number: 7368

% +3"

Tested By: SE
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SA004

Date: 2-18-2016

Pl
Figure

Limits
AASHTO

NV

g5= 0.0777
Remarks

Coefficients

Classification

LL
D
D
C

Material Description

Atterber

ML

NP
50=
10=

16-0077

Columbia Neighborhood Geotechnical
Specification was not provided by client.

B-1 at 12.5-13.5 feet

silt with sand
Dgp= 0.1092

PL
D
D
USCS
Element Solutions
General Services

Client:
Project:
Project No:

NO)

PASS?
(X
Checked By: DL

SPEC.*
PERCENT

FINER

PERCENT

%]
(]
Sl=l s
LLjn| e
RS
00Z#|————-—— o-f+--—t--—d-—F-——Ft-—-o—-—-f-—f-——
/ !
ovT#f———— .- e th8 LA A .- N ashihliitiiftsdrs i ttrl}iiiAa
00T#|-——(J-o——— == ——— = —— o
2l
Sl =
w
O9#H )~ ——o—————f—————p—— b
oy ————————f—————f g f————F-——-
o
j
oe# 3
X
£
(17 T e T i i T e T T a—— E
o
[<5)
. =
€
S
]
N
[o)¢ —
x 7
=
g |2
ad <
O |8
V \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
[0}
gy ————f———— | ———— <
w
YL R N sl
<
. @
[l O e e e e, ks s
(O]
X
M- ]
[0}
2
UIAT Yy ——m e o ]
o
o
U= ———————————————————
wmep-————A—————f 4]
o o o o o o o o o o o
m (e} [e0] ~ () [Te) < ™ N —

d3NI4 LIN3OH3d

(no specification provided)

SIEVE
SIZE
*

Location: Columbia Neighborhood Geotechnical - B-1 at 12.5-13.5 feet

Sample Number: 7365

% +3"

Tested By: SE




Sieve Analysis Test Report - ASTM C136/C117

SA005

0.1977

1.11

= 1.1162

60=
15=
2

Date: 2-18-2016

Pl
D

C
Figure

Limits
AASHTO

4.8158
9.13

NV

Remarks

30= 0.3901
NE

Coefficients

85

Classification

LL
D
C

Material Description

Atterber

SW-SM

NP

50= 0.7465

16-0077

Columbia Neighborhood Geotechnical
Specification was not provided by client.

B-2 at 10-14 feet
well-graded sand with silt and gravel

Dgp= 8.1909
D1p= 0.1223
USCS

PL
General Services

Element Solutions

Client:
Project:
Project No:

NO)

PASS?
(X
Checked By: DL

SPEC.*
PERCENT

FINER

PERCENT

%]
(]
c|lx
[Ty
3
ooz#f-—-—-——-—--—-4-—-—-Fp-—-o-—-+F+—--F—-J—-F-———Fh O-——
/ 1
ovt#fp-——A--—-ft--—-Fr-—--—-—---F—--+F—-o——-Ff-—-—- \ \\\\\
00T#|-—————A———— e
(4]
c|\O
iT| N
09# | —————————f——— V K \\\\\\\\\
oﬁ111\\\\li\lw1\111\1{111\*@ \\\\\\\\\\\\\\\\\
pd g
og# 3
\ <
/ X
/ £
e It ) R DO ) R e E—— E——— 1S
/ Bl
[<5)
/ | =
£
1S
\
N
ot# 0 =
n
=
g |2
/ R
/ 9 e
] EE—— mW \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
[0}
gl ——— =t £l
o] =l =
YL R R - e e A
<
. @
[ O e I e T T e . H L s
: 0]
X
wmifp-———————— - ]
[0}
2
UIAT Yy ——m e o e ]
o
o
U= ———————————————————
wmep-————A—————f 4]
o o o o o o o o o o o
m (e} [e0] ~ () [Te) < ™ N —

d3NI4 LIN3OH3d

(no specification provided)

SIEVE
SIZE
1-1/2"
3/4"
3/8"
#10
#20
#40
#60
#100
#200

*

Location: Columbia Neighborhood Geotechnical - B-2 at 10-14 feet

Sample Number: 7366

% +3"

Tested By: SE




Sieve Analysis Test Report - ASTM C136/C117

% Fines
Silt

SA008

ooe#|————A— A O
|
|
ovtHf—4— AT ]
[0 R R, e Hibie= —

0.5193

= 8.1953
0.99

60=
15=
2

Date: 2-18-2016

Fine
10
Pl
D
D
C
Figure

50 R R A J

Limits
15.0584
1.6161

AASHTO

ofp-—-—-_-—--Ft-—---F—--od-—--—-F——-—-FfF———og———F-- Vu \\\\\\\

25.54

NV

85~
Remarks

Coefficients
NE

oe#
/

Classification

% Sand
LL
D
C

Material Description

Atterber

oe#f—— | ——— [ ——F — I A

20

ot# \

Medium
= GP

50= 5.2524

16-0077

Columbia Neighborhood Geotechnical
Specification was not provided by client.

B-3 at 10-16.5 feet
poorly graded gravel with sand

Dgo= 17.0758
D1p= 0.3209
USCS

PL
General Services

Element Solutions

GRAIN SIZE - mm.

15

Coarse

L e S et m\ \\\\\\\\\\\\\\\\\\\\\\\\\\

Client:
Project:
Project No:

NO)

PASS?
(X
Checked By: DL

e B 2 s e e B — ——

Fine
46

VT K7 R \ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

wyl——f4-——-4-——- - g g 4

SPEC.*
PERCENT

o 728 R N A

% Gravel

BT 72 o N R y w——
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APPENDIX D

Soil Probe, Level Survey, and
Field Infiltration Testing Data



Project Name:|BHPS Water Source:|Hydrant
Project Number:{150387H007 Meter:|AESI FM5, 9
Date:|11/15/2018 Base Area (sq.ft.):|NA
Weather:|Intermittent rain, 60's Ponded Area(sq.ft.):[37.0
Test No.:|BUW Test Depth (feet):[NA

Performed By:

ADY, SC

Receptor Soils:

Glaciomarine drift/Fill

Time
(24-hr) Flow Rate (gpm) SG-1 Stage (feet) Totalizer (gallons) Comments
Initial hydrant flush by City, water enters
0 0 cell.
Hydrant leaking aprox. 0.5 gpm, continues
0 throughout test, leak flows to cell.
8:39 10.82 0 0 Flow on
9:00 21.2 0 220.19
9:16 37.12 0 557.89
9:20 37.24 0 Underdrain flow observed.
9:30 37.17 0 1056 Underdrain flowing, minimal ponding.
9:45 37.15 0 1613 Installed SG-2 near overflow grate.
10:01 37.19 0 2233
10:04
10:18 37.52 0 2850
10:30 37.3 0 3299
10:45 0 0 3853 Flow off,remove FM9
10:47 120.18 0 3853 Flow on FM5
10:48 North inlet weir backwatered.
Underdrain pipe backed up with silty water.
At northern inlet, ~5gpm (visual estimate)
is flowing back out inlet to curb and back in
11:00 120.34 0.13 5322 via southern inlet.
11:15 120.34 0.15 7090 Water in overflow nearly at top of weir.
11:41 120.15 0.15 10240 Water discharge from underdrain is silty.
11:45 120.15 0.15 10665 Wetted area ~35 sq ft
12:00 119.76 0.15 12516
12:00 0.12
12:01 0.04 Water in underdrain is becoming less silty
12:01 dry
12:03
12:04 Light rain begins.
12:09
12:13 Light rain continues
12:15 119.6 12516 Flow redirected to curb
Water flowing past N curb cut to S curb cut,
12:19 into overflow
water bypassing south weir, pooling on
12:23 78.45 0 road
12:30 0

Appendix D

Associated Earth Sciences Inc
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Sides of curb cut lining adjusted, no bypass.
12:32 78.62 0 14060 Overflow receiving appro 5 gpm.
~2gpm flowing past south curb cut to
12:36 78.62 0 14390 storm drain
12:43 41.4 0
12:51 41.4 0 15316 Rain stopped
13:00 41.04 0 15666
13:15 41.22 0 16286
13:33 41.22 0 17020
13:46 41.22 0 17604
14:01 41.22 0 18189
14:03 45
14:06 50.6
14:15 46.46 0 18854
14:18
14:20 119.44 19094 Discharge moved into cell near WP-1
14:23 120.71 0.19 19416
14:35 121.08 0.19 20858
14:45 120.9 0.2 22064
14:55 12090 0.2 23270
15:05 120.9 0.2 24503
15:16 120.52 0.2 25882
15:25 120.34 0.2 26966
15:35 120.52 0.2 28074
15:40 119.96 0.2 28716
15:50 120.52 0.2 29890
16:00 0 0.2 31121 Flow off
16:00 0.07
16:00 0.01
16:01
16:04
16:13
16:25
16:34
16:45
Average Infiltration Rate (in/hr) during last hour of inflow: 310
Average Infiltration Rate (in/hr) during falling head: 147
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BUW Infiltration Test Plot 1
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BUW Infiltration Test Plot 2

O Water Level, SG-1, Hand Measured O Water Level, WP-1, Hand Measured
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APPENDIXE

Site Photos



Cell BUW, primary curb cut inlet. Above photo is prior to install
of weir. Lower photo is after weir install and during infiltration testing.

Associated Earth Sciences, Inc. Appendix E Bioretention Performance Study
Kirkland, Washington Project No. 150387H006



Above photo: BUW secondary curbcut. Overflow beehive just visible in vegetation, upper right.
Lower Photo: close up of overflow structure.
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Deliverable Task 4.5, Site FWI Geotechnical/Soils Assessment Design Data and
Current Conditions, Wainwright Intermediate School, Fircrest, Washington.
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Technical Memorandum

Page 1 of 14
. . Anton Ypma
Date: June 11, 2019 From: Suzanne Cook, L.G.
To: Clear Creek Solutions, Inc. Project Manager: Jennifer H. Saltonstall, L.G., L.Hg.

15800 Village Green Drive #3

Mill Creek, Washington 98012 Principal in Charge: = Jennifer H. Saltonstall, L.G., L.Hg.

Bioretention Hydrologic

: Eric Chri Project N :
cc ric Christensen roject Name Performance Study
Attn: Doug Beyerlein, P.E. Project No: 150387H007
Subject: Deliverable Task 4.5, Site FWI Geotechnical/Soils Assessment Design Data and Current

Conditions, Wainwright Intermediate School, Fircrest, Washington

1.0 INTRODUCTION

This technical memorandum documents existing shallow soil and groundwater conditions in
Bioretention Facility Cell #4 of the Wainwright Intermediate School Project, located in the city of
Fircrest, Washington (Figure FWI F1). This memorandum was prepared in accordance with Task 4 of
the contract scope of work. Associated Earth Sciences, Inc. (AESI) collected shallow soil and
groundwater conditions data related to bioretention cell function, and documented the current
condition of the facility relative to the as-built drawings and available background geotechnical
information. The information will be used in the WWHM2012 modeling that will be conducted as
part of Task 5 (Data Analysis). In Task 5, the team will compare the previously documented
hydrologic design information with our field-collected information and will note where there are
significant differences. The purpose of this technical memorandum is to document the collection of
current and accurate geotechnical, geologic, and hydrogeologic site information for this later work.

The following summary of shallow soil and groundwater conditions integrates the observations
made during the geotechnical assessment which included site visits on October 2, 2018, infiltration
testing on October 25, 2018, and background geotechnical information.

This technical memorandum has been prepared for the exclusive use of Clear Creek Solutions and
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 engineering practices in effect in this area at the time our
document was prepared. No other warranty, express or implied, is made.

911 Fifth Avenue ¢ Kirkland, WA 98033 P | 425 827-7701
508 S. Second Street, Suite 101 « Mount Vernon, WA 98273 P | 425 827-7701
1552 Commerce Street Suite 102 » Tacoma, WA 98402 P | 253 722-2992
WWW.aesgeo.com
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2.0 PURPOSE AND SCOPE

The purpose of our work was to perform a shallow soil and groundwater conditions assessment
and provide baseline documentation data to assess effectiveness of bioretention hydrologic
performance.

Specifically, our scope included the following activities:

e Review of project documents.

e Site reconnaissance.

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

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

e Survey elevations of inlet, outlet, well point rim, and other observation points relative to a
project datum.

e Excavate shallow hand augers through the bioretention soil.

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 Preparation of descriptive exploration logs for each exploration.

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

e Conduct infiltration testing.

e Review of hydrologic monitoring data.

e Preparation of this summary document.

Existing facility features and the locations of hand-auger boreholes completed for this study are
shown on Figure FWI F2, “Facility and Exploration Plan.” Project civil plans are attached as
Appendix A. Exploration logs and laboratory testing data conducted as part of this study are
attached as Appendix B. Background soil, geology, and groundwater information are attached as
Appendix C. Soil probe, level survey, and field infiltration testing data are attached as Appendix D.
Site photos are attached as Appendix E.

3.0 SITE DESCRIPTION AND DESIGN BACKGROUND

The project site is the Wainwright Intermediate School Project, located in Fircrest, Washington as
shown on the attached “Vicinity Map” (Figure FWI F1). The Wainwright Intermediate School is
located on a pair of parcels totaling 7.27 acres. The site is bordered by single-family residences on
the north, west, and south, and by single-family residences and Almaeda Avenue to the east. Site
topography is generally gently sloping down towards the south. No on-site surface water features

Date: June 11, 2019 Page 2
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are present. Per the Washington State Source Water Assessment Program (SWAP) Mapping
Application, the site is located within the 1-year time of travel for the City of Fircrest Well #9, a
Group A water supply well. Our specific area of study for this project includes bioretention cell #4
located on the northern portion of campus in the parking lot traffic island, referred to as cell FWI
for this study.

Details of the bioretention facility design and basis for design were presented in the following
documents:

e “Subsurface Exploration, Infiltration Assessment, and Geotechnical Engineering Evaluation,
Wainwright Elementary School Renovation,” Associated Earth Sciences, Inc., December
2014.

e “Stormwater Site Plan, Wainwright Intermediate School,” AHBL, March 2015, Revised May
2015.

e Wainwright Intermediate School, Bid Set, DLR Group, May 29, 2015.

3.1 Summary of Facility Design

From our review of these documents, the bioretention facility design for cell FWI consists of an
approximately triangular-shaped bioretention cell with approximately 159 square feet of base area,
as shown on Figure FWI F2, “Facility and Exploration Plan.” We understand that the site was
developed under the Washington State Department of Ecology (Ecology) 2014 Stormwater
Management Manual for Western Washington (2014 Ecology Manual) for design and construction
of stormwater facilities and modeled using WWHM2012 with a design infiltration rate of 1.5 inches
per hour (in/hr) in the native subgrade. Land use within the drainage basin is primarily roadway and
parking area. Per Storm Drainage Notes and Details, plan sheet C4.3 (DLR Group, May 29, 2015),
the facility design includes 18 inches of bioretention soil mix overlying a minimum 1-foot-thick
rock-filled trench. The rock-filled trench contains a 6-inch-diameter perforated underdrain pipe
bedded in “% to 1% inch” washed rock. The underdrain pipe is a minimum of 0.5 feet above the
base of the washed rock layer. The underdrain pipe discharge to another stormwater detention
cell.

The facility is designed to infiltrate 96.25 percent of inflow into the subgrade. Stormwater enters
the facility through two curbcuts. If water ponds up on the bioretention soil, the ponded water
would discharge into a yard drain (YD 25) with a beehive grate located near the southern
perimeter, and then into the on-site stormwater system. The rim of the yard drain was designed to
be 1 foot higher than the cell base to create 1 foot of ponding depth. The facility was constructed
during 2016 and is likely to have begun receiving inflow in 2017.

4.0 SITE OBSERVATIONS

During AESI’s site visits, we made notes regarding the physical construction of the bioretention
facilities including documenting site inlet/outlet layout relative to site plans and qualitative

Date: June 11, 2019 Page 3
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bioretention soil thickness and compaction. These notes were used to indicate key features of the
facility in Figure FWI F2, “Facility and Exploration Plan.”

e Level Survey: AESI conducted an elevation survey of the cell using a Leitz C40 automatic
level and a stadia rod. An arbitrary project datum was established for this survey, with the
top of the concrete lamp post base on the east side of the cell (identified on the "FWI Level
Survey Data” map in Appendix D) defined as project datum elevation 100 feet. All other
elevations measured by the survey are relative to this project datum. Key level data is
summarized in Table 1. Additional data points are included in Appendix D to this document.
This survey was not conducted by a licensed surveyor. Surveyed elevations are expected to
be sufficiently accurate for this general assessment of facility construction, but may be
inaccurate for purposes requiring greater precision.

e Inflow: Two curbcuts allow inflow into cell FWI.

0 The easterninlet (Inlet 1) to the facility is a 2-foot curbcut consistent with project
plans, which discharges onto a rounded rock energy dissipation pad approximately
5.5t0 8.5 feet wide and 11.5 feet long. Minor leaf litter was present, concentrated
near the inlet.

0 Thewesterninlet (Inlet 2) to the facility is a 2-foot curbcut, consistent with project
plans which discharges onto a rounded rock energy dissipation pad approximately
6 to 9 feet wide and 10.5 feet long. Minor leaf litter with vegetation growth and silt
were present. Arill, 0.5 to 1 foot wide and 1 to 2 inches deep, was observed where
flow was concentrated between grass clumps in the inlet. The rill did not extend to
the cell base.

O AESI observed that the plan sheets indicate that the energy dissipater pads shall
consist of 6-inch streambed cobbles. AESI observes that the energy dissipater pads
generally consist of approximately %-inch to 1%-inch gravel with cobbles.

e Overflow: The overflow consists of a yard drain (YD 25) with a beehive grate. The rim of
this grate was approximately 1.4 feet above the adjacent base of the facility, and
approximately 1 foot above the majority of the facility base area. One pipe exits the yard
drain to convey water to the storm drain system.

e AESI observed that the base of the facility is not level. The low point in the base of the
facility, near the overflow and the western inlet, was approximately 0.4 feet lower than the
majority of the facility base area.

e AESI investigated the loose bioretention soil thickness present in cell FWI using a
geotechnical soil T-probe. This qualitative data was used in conjunction with the
hand-auger observations to understand loose soil thickness and relative potential
compactness of the bioretention soils at depth. AESI measured the depth of penetration of
the soils probe at locations generally arranged in a 4-foot grid on the facility base.
Penetration of the T-probe generally ranged from approximately 1.1 to 1.7 feet and
averaged 1.5 feet. Probe penetration data is included in Appendix D to this document.

Date: June 11, 2019 Page 4
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Table 1
Summary of Cell FWI
Level Survey Data

Elevation
Location (feet, project datum)
WP-1TOC 96.04
WP-1 GS (S)/Temp SG#1 94.28
Ponding Tube TOC (Baro) 95.74
Ponding Tube TOC (DL) 95.17
Overflow PVC TOC LOW (W) 95.22
Inlet (W) 8" green pipe top/end 95.56
Inlet (W) Curbcut LOW (N) 95.36
Inlet (E) 6" green pipe top/end 96.41
Inlet (E) Curbcut LOW (S) 96.26
In CB PVC TOC (DL) 95.54
In CB PVC TOC (Baro) 94.95
CB inside lip, SE corner 95.87

TOC: top of casing; GS: ground surface; DL: datalogger; PVC: polyvinyl chloride; CB: catch basin

5.0 SITE SETTING

The text sections below describe our research findings in regards to the topographic, geologic, and
hydrogeologic setting of the project site both from regional studies and background site-specific
geotechnical and groundwater studies. Our sources of information included the following:

e Site-specific documents cited previously under “Project and Site Description.”

Draft Geologic Map for the Steilacoom 7.5 Minute Quadrangle, U.S. Geological Survey
(USGS), 2006.

Natural Resource Conservation Service (NRCS), Web Soil Survey, United States Department
of Agriculture (USDA), http://websoilsurvey.nrcs.usda.gov/, accessed February 2019.
Soil Survey of Pierce County Area, Washington, United States Department of Agriculture
(USDA), Natural Resource Conservation Service (NRCS), in cooperation with Washington
Agricultural Experiment Station, 1979.

Griffin, W.C., Sceva, J.E., Swenson, H.A., and Mundroff, M.J., Water Resources of the
Tacoma Area, Washington, United States Department of the Interior, Geological Survey,

1962.

5.1 Regional Topography and Project Grading

The project site is situated on an undulating upland. The nearest surface water feature is China
Lake approximately half a mile northeast of the site. Elevations on the larger project site range
from about 290 feet on the northern edge, to 278 feet on the southern edge of the property.

Date: June 11, 2019
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On acloser scale, the area near cell FWI is at an elevation of 283 to 285 feet, and land use consists
of a parking lot and drive lane which generally slopes down to the south and west. A curb separates
the paved surfaces from the cell.

The project site was previously developed as Wainwright Intermediate School which was
remodeled in 2016. The bioretention cells in the parking lot area, including cell FWI, were installed
as part of the remodel. Minor cutting (about 3 feet) was needed to achieve design bioretention cell
grades based on a review of existing topography compared with built topography.

5.2 Regional Geology and Background Geotechnical Information

According to the current draft U.S. Geological Survey (USGS) Geologic Map for the Steilacoom 7.5
Minute Quadrangle (USGS - Miscellaneous Field Investigation, 2006), the project site lies within an
extensive zone of Vashon recessional outwash. This material is deposited by stream channels that
emanate from a stagnant or receding glacier. Recessional outwash typically consists of loose to
medium dense sands with varying amounts of silt and gravel. Thicknesses can range from a few
feet to several tens of feet. Recessional outwash is commonly underlain by dense to very dense
deposits of lodgement till or advance outwash. Vashon lodgement till is mapped in the site vicinity,
and was deposited directly from basal, debris-laden, glacial ice during the Vashon Stade of the
Fraser Glaciation, approximately 12,500 to 15,000 years ago. The high relative density
characteristic of the Vashon lodgement till is due to its consolidation by the massive weight of the
glacial ice from which it was deposited.

Background geotechnical information includes exploration logs EP-2 from approximately 50 feet
south of cell FWI, and IT-2 from the location of bioretention cell #3, approximately 100 feet south
of cell FWI. EP-2, dated October 29, 2014, and IT-2, dated December 2, 2014, both encountered
sediments interpreted as till to the total depth explored of 6 and 10 feet, respectively. EP-1,
approximately 150 feet northwest of cell FWI, encountered 1 foot of artificially-placed fill, and
Vashon recessional outwash sediments to a depth of 6.5 feet, directly overlying Vashon lodgement
till. Shallow fill soils were encountered in other explorations to a maximum depth of 5 feet.

This interpretation is generally consistent with the geologic mapping in the area.

e Vashon Recessional Qutwash (Qvr): Where encountered in geotechnical explorations
onsite, this deposit typically comprised loose to medium dense, weakly stratified sands,
with minor amounts of silt and gravel. Recessional outwash was deposited during the
retreat of glacial ice, and has not been glacially overridden.

e Vashon Lodgement Till (Qvt): Five of the eleven exploration pits previously observed onsite
encountered medium dense to very dense glacial lodgement till below the site. This deposit
typically consisted of silty sands with varying amounts of gravel, although the till surface
was weathered to a silt in some locations. Depths to the till horizon ranged from zero
(in EP-2 near cell FWI) to about 12 feet (in EP-3 near the southern edge of the property).

Date: June 11, 2019 Page 6
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We inferred that the till horizon lies closely below the termination depths of most other
exploration pits, reflecting a general dip toward the south or southwest.

5.3 Regional Soils and Soil Data Used in Site Stormwater Model

AESI| reviewed the Soil Survey of Pierce County Area, Washington (Natural Resource Conservation
Service [NRCS], 1979) and soils mapping from the NRCS web portal (NRCS, 2019). The soil survey
identifies different soil map units based on parent material, climate, topography (slope), organisms
(biota), and time. The soils in the study area formed mostly from young glacial deposits and have
not had time to develop the deep weathering profiles present in soils in unglaciated terrains.
Instead, they exhibit a direct relationship to the underlying parent material, local climate,
topography, and vegetation.

Mapped soils in the project area consist of Alderwood gravelly sandy loam soils. Alderwood formed
from the weathering of glacial till, and typically perches shallow groundwater within the weathered
soil horizon. NRCS describes the permeability as moderately well drained (NRCS, 2019) in the upper
portion of the soil unit.

As described in the stormwater site plan (AHBL, 2015), the pre-developed condition was modeled
as Type Csoils. This is consistent with the 2014 Ecology Manual, which classifies the Alderwood soil
as hydrologic soil group C.

5.4 Regional Hydrogeology and Background Groundwater Data

Regional hydrogeology is described in Water Resources of the Tacoma Area, Washington (Griffin et
al., 1962). Griffin et al. (1962) indicates that recessional outwash is typically a productive aquifer,
while the Vashon lodgement till typically perches water.

On acloser scale, in our previous explorations onsite, we observed slow groundwater seepage ata
depth of approximately 6 feet in EP-3 near the southern edge of the site, and some orange mottling
at depths ranging from about 1 to 8 feet in several other exploration pits. Groundwater is expected
to perch at this shallower depth under the developed conditions due to stormwater infiltration
from the bioretention cells and other site infiltration features.

6.0 BIORETENTION CELL SUBSURFACE EXPLORATION

Limited information on subsurface conditions was obtained for this study from hand-auger samples
and soil probe penetration measurements at about 2-foot increments in each hand-augered
borehole. Three hand-auger borings were performed in the facility bottom and advanced through
the bioretention soil and underlying aggregate rock. 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. At the conclusion of the excavation, the
boreholes were immediately backfilled with the excavated material or completed as a well point
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for water level monitoring (described separately below).

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 B. A detailed record of the
observed bioretention soil, subsurface soil, geology, and groundwater conditions was made. The
sediments were described by visual and textural examination using the soil classification in general
accordance with ASTM D2488, “Standard Recommended Practice for Description of Soils.” The
depths indicated on the logs where conditions changed may represent gradational variations
between sediment types in the field. The exploration logs in Appendix B are based on the 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 Figure FWI F2, “Facility and Exploration Plan.” Global Positioning System (GPS) coordinates for
the explorations were taken using a handheld GPS, and are summarized in Appendix B.

The results presented in this document are based on the explorations completed for this study and
review of background data. The number, locations, and depths of the explorations were completed
within site and budgetary constraints. Because of the nature of exploratory work below ground,
interpolation of subsurface conditions between field explorations is necessary. It should be noted
that differing subsurface conditions may sometimes be present due to the random nature of
deposition and the alteration of topography by past grading and/or filling.

6.1 Hand-Auger Borings

Hand-auger borings in cell FWI were completed on October 2, 2018. Light rainfall was noted,
beginning shortly after the time of exploration.

Hand-auger boring number 1 (FWI-HA-1), which was completed in the southern portion of the cell,
near the inflow, and hand-auger boring number 2 (FWI-HA-2), which was completed in the
northern portion of the cell, encountered approximately 1.4 feet of bioretention soil, overlying
material interpreted as drain rock to a total depth of 1.9 and 1.6 feet, respectively. Hand-auger
boring number 3 (FWI-HA-3), situated in the eastern edge of the bioretention cell, encountered
2.4 feet of bioretention soil mix, overlying drain rock to a total depth of 2.5 feet. No seepage or
caving were observed.

6.2 Well Points

A well point was installed in FWI-HA-1. Key well point dimensions are provided in Table 2, below.
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Table 2

Summary of Cell FWI
Well Point Dimensions

Exploration in
which Well Total Length Total Depth Inside
Point was of Casing Stickup Height Casing Below
Well Point Installed (feet) Interior Diameter (feet) Ground Surface
FWI-HA- FWI-HA-1
1/WP 4.7 1.25 inch nominal 1.8 2.9

7.0 LABORATORY ANALYSIS

Laboratory testing included mechanical grain-size distribution and percent organic matter by
weight in accordance with the ASTM D422 and D2974, respectively. Bioretention soil was first
tested for organic matter content and then the burned material was tested for grain-size
distribution for comparison with the aggregate fraction of the bioretention soil mix guidance in the
2014 Ecology Manual. No material representative of the subgrade was encountered in our
hand-auger explorations. The data is summarized in Table 3.

Table 3
Summary of Cell FWI
Organic Content and Grain Size Data

Organic Fines
Content Content
Exploration | Depth (% by USCS Soil (% passing USDA Soil
Number (feet) Soil Type weight) Description #200) Cu Cc Texture*
FWI-HA-1 0.1-0.5 | Bioretention 5.2 SAND, some silt, 5.2 6.9 | 0.9 Sand
Soil trace gravel
(SP-SM)
FWI-HA-2 0.1-0.5 | Bioretention 5.0 SAND, some silt, 5.1 6.9 1.0 Sand
Soil trace gravel
(SP-SM)
FWI-HA-3 0.1-0.5 | Bioretention 7.0 SAND, some silt, 5.5 7.3 | 0.9 Sand
Soil trace gravel
(SP-SM)

USCS: Unified Soil Classification System; Cu: coefficient of uniformity; Cc: coefficient of curvature; USDA: U.S. Dept. of Agriculture;
*No hydrometers were performed. USDA soil texture range assumes fines consist entirely of silt to entirely of clay.

7.1 Bioretention Soil Mix

We compared the organic content and burned fraction gradation against the general guidelines for
the bioretention soil mix (Table 4).
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The organic content of the tested bioretention soils ranged between 5 and 7 percent by weight.
This meets the recommended organic content by weight of 5 to 8 percent in the 2014 Ecology
Manual.

The grain-size analysis test results on the burned soil fraction indicate that the bioretention soils
tested correlate to a “SAND” with some silt and trace gravel based on ASTM D2487 Unified Soil
Classification System (USCS). The respective fines content as measured on the No. 200 sieve was
5.1to 5.5 percent, higher than the recommended range of 2 to 5 percent. The remaining grain size
fraction was within the recommended ranges. The coefficient of uniformity ranged from 6.9t0 7.3,
meeting the recommended value of equal to or greater than 4. The coefficient of curvature ranged
from 0.9 to 1, lower than the recommended range of greater than or equal to 1 and less than or
equal to 3. The tested bioretention soil was a poorly-graded sand.

7.2 Subgrade

In cell FWI, no samples of the subgrade could be obtained for this study due to the import gravel
beneath the bioretention soil and difficulties hand auguring in this material. Based on the existing
geotechnical information from previous explorations onsite, the subgrade could consist of either
Vashon recessional outwash and/or Vashon lodgement till.

Table 4
General Guidelines for Bioretention Soil Mix (2014 Ecology Manual)
Compared to Averaged Cell FWI Site Data

Recommended
Parameter Range Cell FWI
Organic Content (by weight) 5 to 8 percent 5.7 percent by weight
Cu coefficient of uniformity 4 or greater 7
Cc coefficient of curvature 1to3 0.9
Sieve Size Percent Passing
3/8” (9.51 mm) 100 99.7
#4 (4.76 mm) 95 to 100 98.6
#10 (2.0 mm) 75 to 90 78.4
#40 (0.42 mm) 25to 40 28.6
#100 (0.15 mm) 41010 8.5
#200 (0.074 mm) 2to5 5.3

Note: The general guidelines for mineral aggregate gradation are from Table 7.4.1 of the 2014 Ecology Manual.

mm: millimeters.
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8.0 INFILTRATION TESTING
8.1 General Infiltration Test Method

The infiltration test was conducted in general accordance with the 2014 Ecology Manual. The 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.

The water for testing was obtained from an on-site fire hydrant and conveyed to cell FWI with fire
hoses. 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. Water levels were monitored using a staff gauge (SG-1) marked in 0.01-foot increments
installed adjacent to the well point, a second temporary metal staff gauge (SG-2) marked in
0.01-foot increments installed near in the deep point of the facility for the duration of the test, and
within the well point with a digital water level tape, and with digital pressure transducers. Data
from the digital pressure transducers was compensated for barometric response using a separate
digital barometer. The underdrain catchbasin was observed during testing to visually observe
underdrain flow. The area of the pool was measured periodically during testing.

The infiltration test in cell FWI is discussed below, and results are presented in Table 5. Infiltration
test data is included in Appendix D to this document.

8.2 Infiltration Test in Cell FWI

AESI| performed infiltration testing on October 25, 2018. Intermittent rainfall was noted during
testing, and no flow from the inflow curbcuts was present.

During this test, flow was initially maintained at 12 to 50 gpm, then increased to 100 gpm, and
finally increased to approximately 152 gpm (the maximum flow rate from the hydrant) for the
remaining duration of test. Inflow to the facility for the infiltration test was directed, through a
diffuser, onto the energy dissipation pad by the eastern inlet. Initially, the water pooled near in the
deep point of the cell, while spreading across the majority of the base in a shallow pool less than
0.1 foot deep. After approximately 270 minutes, flow was increased to the maximum level, and the
pool across the majority of the base grew to a depth of approximately 0.5 feet by the end of
testing.

After approximately 7 hours, the water level in the wetted area was about 0.47 feet as measured
on SG-1. The wetted pool area had been generally stable for about 2 hours, and had filled in the
low areas near Inlet 1 and Inlet 2 covering an area of about 200 square feet. Approximately 45,000
gallons of water were used.
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AES| observed that after approximately 15 minutes into the test the underdrain was active for the
remaining duration of the test, and visually estimated that flow from the underdrain appeared
similar to the inflow to the facility, indicating that most to all inflow left the cell via the underdrain.

Water in WP-1 was monitored with a data logger during the infiltration test and responded to
inflow. Water was present at about 2 feet beneath the bioretention cell prior to the start of inflow,
and likely represents perched water in the base of the drain rock. The water level in WP-1
responded to inflow after about 25 minutes, and rose approximately 1.3 feet during the course of
testing. AESI interprets this response to indicate that water from the infiltration test infiltrated
rapidly through the bioretention soil, perched on the native subgrade, and then mounded within
the gravel base course before entering the underdrain.

After about 7 hours, AESI shut off the flow and monitored the water level as it fell. AESI observed
that the pooled water in the base of the facility infiltrated over the course of approximately
8 minutes for the majority of the facility, with a small amount in the deepest part of the facility
near the overflow taking an additional approximately 35 minutes to drain.

The constant-head test infiltration rate in Table 5 is calculated based on flow rate from the hose for
infiltration testing, and the wetted area of bioretention soil through which the water infiltrated,
and represents the infiltration rate of the bioretention soil. AESI visually estimated that flow from
the underdrain appeared similar to the inflow to the facility, indicating that the majority of inflow
was leaving the facility via the underdrain and little to no inflow was infiltrating into the subgrade.

Table 5
Cell FWI
Infiltration Test Results

Surface Total Approximate Field Infiltration Rates
Area Discharge Volume Constant- Constant-
(square Time Discharged Head Level Head Test Falling-Head Test
Test No. feet) (minutes) (gallons) (feet) (in/hr) (in/hr)
FWI
(bioretention 200 420 44,808 0.45 66 43
soil)
FWI Perched water response in Unknown; interpreted to be low
(subgrade) well point based on the underdrain outflow

in/hr: inches per hour.
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9.0 CONCLUSIONS AND RECOMMENDATIONS

Cell FWI was generally consistent with the design shown on the civil plan sheets. Observations on
site design, shallow soil and groundwater conditions are discussed below.

e The overflow is generally consistent with the plans. Site design documents indicate that the
ponding level was designed as 1 foot. Although the overflow sticks up 1.4 feet from the
ground surface immediately around it, it is approximately 1 foot above the ground surface
in the majority of the cell base.

e Bioretention soil:
0 Thickness: The apparent thickness of loose bioretention soil based on soil probe
data was generally about 1.5 feet as indicated on the plan.
0 Composition: The soil tested in generally the recommended guidelines for organic
content and sand gradation, although the soil mix contained slightly more than the
recommended range of silt and had a slightly low coefficient of curvature.

e Subgrade conditions: The subgrade could consist of either Vashon recessional outwash
and/or Vashon lodgement till, based on previous explorations onsite. Based on the
response of WP-1 during infiltration testing, and our observation that inflow appeared
visually similar to the flow from the underdrain, we interpret that the subgrade has a low
infiltration rate, and is most likely Vashon lodgement till.

e Bioretention soil field infiltration rate:
O Measured at about 66 in/hr.
0 Water readily soaked through the bioretention soil mix and the field rate is
interpreted to represent the bioretention soil infiltration rate.

e Native subgrade infiltration rate: not measured. Previous infiltration testing in the
weathered Vashon lodgement till onsite approximately 100 feet south of cell FWI measured
an infiltration rate of 0.4 in/hr (AESI, 2014) with the water interpreted to be moving
laterally during testing.
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10.0 CLOSURE

We appreciate the opportunity to be of continued service to you on this project. Should you have
any questions regarding this document or other geotechnical/hydrogeologic aspects of the project,
please call us at your earliest convenience.

Anton D. Ypma
Staff Geologist

Jennifer H. Saltonstall ]

Attachments: Figure FWI F1:
Figure FWI F2:

Appendix A:
Appendix B:
Appendix C:

Appendix D:
Appendix E:
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Jennifer H. Saltonstall, L.G., L.Hg.
Principal Geologist/Hydrogeologist

Vicinity Map
Facility and Exploration Plan

Project Civil Plans

Current Study Exploration Logs and Laboratory Testing Data
Background Soil, Geology, and Groundwater Data (Regional Maps,
Previous Studies Exploration Logs and Laboratory Testing Data)
Soil Probe, Level Survey, and Field Infiltration Testing Data

Site Photos
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