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Technical
Memo

Eill Reilly, City of Bellingham
To: Brandy Lubliner, WDOE

William J. Taylor, Taylor Aquatic Science and Policy
From: Douglas Beyerlein, Clear Creek Solutions, Inc.

Date: October 23, 2015

Bioretention Hydrologic Performance (BHP) Study
‘_ 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 resulis of the site
evaluations combined info one memo. As the selection process and recommended sites for
selection are closely intertwined, it make sense to combine these into one product.

Background

Phase | of the BHP study involved contacting Puget Sound Basin jurisdictions to identify
“‘candidate” bioretention facilities to be recommended for an overall list of facifities for
evaluation and possible selection of a set of ten facilities for performance monitoring. The
selected sites would then be monitored for inflow and outlflowing stormwater flows during
Phase 1. Additional site data would also be collected for groundwater and ponding levels,
bioretention scil mix composition and infiltration rate, subsurface soil conditions, and
vegetation composition and density as supporting information to evaluate the site
performances.

Quireach to Jurisdictions, and Candidate Sites |dentified and Evaluated in the Field

Jurisdictions selected for contact for nomination of potential sites came from three different
sources:

1. Jurisdictions indicating interest in the BHF study during the proposal phase of the
Regional Stormwater Monitoring Program (RSMP)



2. 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

3. 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.

Approximately twenty jurisdictions were contacted through direct telephone contact with
stormwater managers or related engineers and water quality specialists to discuss the BHP
study, and their thoughts on possible candidate sites within their jurisdiction.

From these twenty jurisdictions, twenty-eight facilities were recommended for possible site
evaluation. Site design plans (including planting plans), technical information reports (TIRs)
and modeling information was gathered for most of these facilities. Twenty-four facilities were
then visited in the field for final evaluation.

Because most of the sites contained multiple cells, each with their own conditions, the site
visits for these twenty-three facilities resulted in evaluation of approximately seventy individual
cells.

Attachment 1 provides a list of the final bioretention facilities assessed in the field, their
location, and the jurisdiction contact for the project. Figure 1 provides a map of the distribution
of these sites throughout the Puget Sound Basin.

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:

« Accessibility of inflow and outflow locations for flow monitoring feasibility

¢ Contributing drainage area

« Qualitative soil media composition and soil probe depths

+ Plant community composition, relative density, and apparent maintenance activity

Site Selection Criteria

A long list of site selection criteria was prepared to help evaluate candidate sites. These
criteria identified factors that could affect the feasibility of monitoring, site logistics, or later
assessment of the results of Phase [l This site selection criteria checklist was previously
prepared and delivered to the City and Ecology.

While the criteria checklist provides an almost exhaustive list of items that could be considered
in the site selection, the final realistic considerations were limited to those items identified as
“fatal flaws" for selection. Once these factors were addressed, understandably, the
accessibility of flow monitoring to aftain 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, there was a need in both the selection of candidate sites,
and sites finally recommended for monitoring, to be geographically well distributed in the Puget
Sound Basin to provide a wide surficial geological, meteorological, and jurisdictional
representation.

Compilation of Site Information and Recommended Sites for Monitoring

Attachment 2 provides spreadsheets of information on each site used to evaluate the site
conditions and existing information for selection. The spreadsheet provides additional
information to that listed in the Criteria Checklist compiled by each of the consultant team
discipline leads. The spreadsheets cover the disciplines of monitoring access, geotechnical
conditions, hydrologic modeling background and vegetation conditions.

With this spreadsheet, the sites highlighted in yellow are recommended for monitoring, with a
total of 10 sites highlighted.

Figure 2 provides a map of these ten sites recommended for monitoring.

Seasonal Schedule for Monitoring

Phase Il of the project is intended for conducting the flow monitoring, and ground water and
surface water pooling level data collection. While the flow data collection can be storm event
targeted data, the ground water and pooling water levels are best coliected on a continuous
basis during the course of a substantial portion of the wet season to help use the continuity of
these data to help reveal the infiltration patterns of the facilities, and to reflect those patterns in
the model calibration process. As a result, initiation of these data collection early enough in
the wet season is important for the overall quality of the model results. The storm event data
collection also needs to be started early enough in the wet season to attain collection of at
least storm events of a range of sizes.  Of course the uncertainty of the wet weather
conditions will affect the data collection, but starting data collection by some time in January
would be the latest effective time to start.

If you have any questions, please call Bill Taylor or Doug Beyerlein.
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Site Information for Monitoring Assessment

BHP Phase |
Site Selection Monitoring
Availability of current
Srprayiaus Stability of inlet ~ Site security for
Yeilgw st Type ofinlets and outlets (piped Hydraulic head monitoring data at and outlet installation of
Choice Ability to monitor Inflow Location of nearby rain gauge Number of inlets and outlets (fewer better) or weir preferred) Underdrain available Near other sites site? Y/N contral monitoring equipment?
Can inflow be [Owner staff Can temp.
monitored with |Accessibility |available to Rain gauge Owner staff retrofit for Can be nproved lard
Can inflow be  |simple (especially for |initiate location very  |available to calib temporarily efficiency by  |Owner staff structures
Arbitrary Site modifications; 1|outflow to monitoring representative [conduct good |menitoring retrofitted for |is underdrain_ |Range is head space |nearness to available for better than soft
AESI KMZ | numbering (in_ = Yes: 0 = No or|monitor {see_ |equipment?  |of site rainfall? [maintenance/d Multiple inlets? [then remove? |Piped. weir, or accessible for_|for access - can other sites? 1- [multiple site {arass Good/poor site_
Label  |ourisdiction __|Site |order visited) | [Not applicable_|above) YN [/ W_'M__IM 1-10 Yin sheet flow? monitorin countersink?110 {10 [support? Y/N |Quality of data? 110 |channel). 1-10_|security? 1-10 |Monitoring Comments Comments
4" inlet would need 6" stub for thelmar.
1 limited, inlet is right at Inletis right on cell floor so likely
Ben Ryan Short Plat (3 cell bottom, likely inundates, good in that one thelmar for  |underconstruction; upper RG in till,
BRP Kirkland cells) 1 1 0 Y 2 ? 7 Y 1 Y: Piped in and out Y NA submerges ? ? NA 1 1 inlet, 1 for outlet middle in wx till, lower filled BSM
2 6" roof inlets, 68" underdrain, 8" outlets, no
Alex.Graham Bell Elem, 2 cells on same sheet flow, would need to use roof runoff
AGB Kirkland School (2 cells) 2 1 0 Y ? N INA N 5in#3, 4in#4 Y piped in and out Y. Y Y property ? NA 1 1 for inflow or else monitor multiple inlets _[good access, need geotech
good head space, edge|
3 of curb cut is 3" above Only curb cuts, small drainage areas,
Cedar Park Short Plat cell bottern and 3" exposed but quiet cul |would need separate transducer to know |good access, heavily maintained;
CPP Kirkland (several cells) 3 1] 1 No outflow N ? ? ¥ 1 N curb cut Y NA below street level ? N NA 1 de sac if cell was full and bypassing compacted by foot traffic
4 Kirkland Children's 2inlets 4" roof OK, inlets are above good, behind fence and [4" roof drain need 6" stub, two 8
KCS Kirkland School (1 cell) 4 1 0 b ? ? ? N and 8" pipe Y piped Y NA cell floor ? 2? NA ik hidden in brush thelmars, access only during school hours|poor access
pretty exposed, could |RG1 and RG2 good with single inlet and
5 Y inlet pipes high hide some but would |[single outlet, RG3 has multiple inlets,
Y-for RG1 and enough above cell need to harden exisitng float switch installed in RG2 and |good access, check for mon data; need
B145 Ballevue | 145th Bellevue (3 cells) | 5 1 0 b N & 7 RG2 1 Y piped i NA botttorn N 0 need to look 1 installation 3 to record overflows? AMEC geotech report
too many curb cuts, erosion on inlets,
6 Grow Community missing outlet control structure at time of
GRO Bainbridge (several cells) € 0 0 Y ? ? ? N 11 curb cuts N sheet Y Y Y 4 ? NA riprap cuts | exposed out of the way |visit Unk geotech
7 High Schoal (several 1-need to clear 1-2 area, footing ? Couldn't fin inlet exposed on school  |couldn't find inlets, need sheet C-302 to
BHS Bainbridgs cells) 7 ? brush Y ? ? ? Y or roof drains ¥ piped h ha pipes N N 7 1 property more thoroughly review upper cells. Geotech report not provided
8 yes very mix of grass and very complicated, couldn't find some
BUS Bainbridge Bus Barn (2 cells) 8 1] 1] Y ? '3 ? N convoluted both and maybe Y ¥ ? 7 NA pipe 1 pipes. Not a good site unless last resort _|Unk geotech
9 S-exposed but could  |inlet and outlet both 12" and close enough|
NOL Foulsha Noll Roundabout (1 cell) g 1 0 ¥, ? ? ? LF 1 Y Piped i B Y N ? ? 1 hide somewhat to share single datalogger. Unk geotech
long sheet flow stretch, single outlet pipe.
10 1 pipe, long 1 inlet pipe too. Too much sheet flow and
Viking Ave (several sheet flow poor but could maybe |multiple cells chained together by single |Non-standard BSM; geotech rpt did not
VIK Poulsbo linked cells) 10 0 0 Y 4. ? ? N stretch N pipe and sheet sheet=no ¥ Y ? ? ? 1 hide stuffin brush __ |underdrain pipe address infiltration;
Shallow gw at 6-8' bgs, tidally
11 NOT i influenced: geotech rpt did not address
PAP Poulsbo | Andersan Pkwy (Lined) 11 APPLICABLE ) . : " linfiltration;
1 2 5 0-would require only sheet flow through gravel shoulders,
Thornten Creek Retrofit interception pipe sheet through would require installation of interception |17 bioretention cells; used Ecology ‘05
TCR Shoreline (several cells) 12 0 and spreader Y N ? ? N sheet N gravel N Y Y Y ? 74 N poor and spreader pipes=look elsewhere manual grain size to est infiltration rate
13 puplic park-could only temporarily install
Spanaway Lake Park (9 Y for Cell J, NA Y if doing both 3-some spall i for targeted events. Use tarp  |Spanaway Lake level expression of
SLP Pigrce County cells) 13 0 1 for cell | ¥ Y ? 2ford, 1forl | 2ford, 1 forl X curb cuts & NA Y sites it NA could rerode poor to funnel water to 6 or 8 inche thelmar water table
14 ) no outlet, small roof drains only, would
Habitat for Hurnanity need to retrofit drain fromd” to 6" for Standing water present in nearby
PHH Pierce County (several cells) 14 0 1 Y N i ? it 1 Y piped roof drain ¥ NA Y K4 ? NA 1 poor thelmar. No cover but in neighborhood excvation; looks like glacial till exposed
could monitor each inlet a few times to
15 dial in roof drainage/rainfall, outlet is
Y-could hide it outlet very secure, inlet [easy, underdrain is lower to promote bioretention -> gravel trenches->
ORLA Olympia ORLA (several cells) 15 1 0 well ? ? 0 N 4 roof drains e Piped i it ¥ N ? ? 1 less so infiltration infiltration trenches -> pond
no outflow just
16 lots of curb cuts
Evergreen Terrace and not a good
ET3 Olympia Phase 3 (several cells) 16 0 0 site no drainage or geotech report
would need to tarp and pipe both curb
17 cuts, could secure monitoring box ot based on MWs; proximity to Issaquah
Ranier Bivd LID Phase || curb cut in piped sidewall and put themlar in outlet, NE Ck; field rates lower than average for
IRB lssaquah (4 celis) 17 Q 1 i 2 2 ? N 2 curb cuts i out X NA g ke ? NA 1 poor fa ont some
loose sheet flow
1 8 Parks Maintenance 4 pipes and areas with expect shallow gw; likely lateral flow
IPMF Issaquah FacilityRetrofit (1 cell) 18 0 0 ! ? ? ? N many curb cuts N pipe and sheet N NA Y 7 ? 4 erosion good too many inlets issues
19 Issaquah High School AES| currently monitors surface water
IHS Issaquah Cell #24 (24 cells) 18 1 0 2y N 2 N N 2 Y piped A Y Y ? N NA b good easy to hide in dense brush level and shallow ground water level
20 piped in, ditch inlet yes, outlet would need to install weir or flume in
AFR Maryswille AFRC 20 1 0 Y ? ? e N 3 Y out Maybe NA ¥ s 7 ? no poor outlet ditch or tarp and pipe
21 N ok, could hide behind |1 inlet pipe, overflow sturcture goes into 3
MSP. Marysville Residential 21 1 0 X ? i P i 1 Y pipe Y No overflow By ? ? ? 1 fence underdrain pipes.
e Mill Creek Community 2-maybe 1 inlet 1 4 in roof drain, another pipe tied to
MCCA Mill Greek Association (MCCA) 22 0 1 NA 2 i ? N and one out Y piped s NA Y N ? NA 1 marginal, quiet area |parking lot, not sure if itis inlet or outlet
2 curb cuts in, overflows to 8" pipe out,
23 outlet may have slight backwater issues,
curb cut, pipe some data exists, not QK, could hide most in [City notes that isde overflow also accurs,
BBD Belingham | Bloedel Donovan Park 23 0 1 Y o Y o N 2 Y out i NA Y N Y sure how much Y brush orin CB may need to sandbag
Did not visit per
24 Pierce Cly (Park/ | Sprinker Parking Lot LID [ Dawn at Pierce no drainage or geotech report; MGS md|
SPRK Span) Retrofit County 30 iph, diw of 15 ft




Site Information for Geotechnical Assessment

{P Phase |
Site Selection Geotech
Yellow = 1st
Choice
Estimated
AESI KMZ Explor |Inf Test |Hydr |BSM rate < |Constructi |Site Visit
Label Jurisdiction Site Geotech CF Geology |ations [Type ogeo |Native iph |on Date Comments
1 Ben Ryan Short 4,76 or undercanstruction; upper RG in till,
BRP __ [Kirkland Plat (3 cells) Geo-resources 0.21 Till] TP/HA| EPA FH|B1 NO Aug-15 8/27/15|middle in wx till_lower filled with BSM
Alex.Graham Bell
2 Elem. School (2
AGB _ |Kirkland cells) Unk INA Till Unk None[B2 [NO 2013 8/27/15|good access, need geotech
3 Cedar Park Short good access, heavily maintained;
CPP Kirkland Plat (several cells) [Earth Consultg Yes| Rec. OW| TP/HA Unk|AX [YES 2010 8/27115][compacted by foot traffic
4 Kirkland Children's
KCS _ [Kirkland School (1 cell) Terra Adv. OW| TP/HA| EPA FHI|CX |YES Sep-13 8/27/15|poor access
unk (likely,
5 145th Bellevue (3 thin Till PIT] good access, check for mon data; need
B145  |Bellevue cells) Herrera and AMEC| None| over Qva TP| (3%3)[CX [NO 20122 8/27/15]AMEC geotech report
6 Grow Community
GRO __ |Bainbridge (several cells) Unk Likely TilljlUnk Unk B2 likdUnk 9/1/15|Unk geotech
7 High School Krazan (rpt
BHS  [Bainbridge (several cells) missing) NA] Till Unk None[B2  [NO 9/1/15]|Geotech report not provided
unk - Till
8 BUS Bai Bus Barn (2 cells) |Unk likelyUnk Unk B2 likgUnk 9/1/15]Unk geotech
None
9 Noll Roundabout (1 unk - Till (D10
NOL  |Poulsbo cell) Unk None likely Unk est)|B2 NO 9/1/15]Unk geotech
None
1 0 Viking Ave (several |Krazan unk - Till (D10 Non-standard BSM; geotech rpt did not
VIK Poulsbo linked cells) (foundations only) None likely B est)|B2 |NO 9/1/15|address infiltration;
None Shallow gw at 6-8' bgs, tidally
11 Anderson Pkwy  [Landau (for Unk - Fill (D10 influenced; geotech rpt did not address
PAP  |Poulsho {Lined) seawall) Unk likely| B est)|E NO 9/1/15]infiltration;
Thornton Creek None
12 Retrofit (several yes,| Sandy Till (D10|BX/C (BT and 17 bioretention cells; used Ecclogy '05
TCR _ |shoreline cells) HWA| varies to Qva B est)[X NO BB only) manual grain size to est infiltration rate
1 3 Spanaway Lake Rec. OW| Spanaway Lake level expression of
SLP__ [Pierce County  [Park (8 cells) None[* 2 to 4|Steilacoom Unk]  NonelAX [NO 9/9/2015|water table
Habitat for
1 4 Humanity (several unk - Till Standing water present in nearby
PHH_ |Pierce County  [cells) Unk Unk likely Unk Unk| B2 likg Unk| 9/9/2015|excvation; looks like glacial till exposed
None
1143 ORLA (several Rec. OW| (D10, bioretention -> gravel trenches->
ORLA __|Olympia cells) ICI Yes Sand| TP/B est)|A2 YES 20147?] 9/9/2015|infiltration trenches -> pond
Evergreen Terrace
16 Phase 3 (several Rec. OW| Approved
ET3  |olympia cells) Unk Sand Unk Unk]AX  |Unk June 2010]  9/9/2015|no drainage or geotech report
based on MW's; proximity to Issaquah
i Ranier Blvd LID Recent Est. Sum Ck; field rates lower than average for
IRB Issaquah Phase |l (4 cells) GeoDesign 0.18] Alluvium| BfHA| EPA FH|D1 NO 2014| 9/M16/2015|some
Parks Maintenance Small
1 8 FacilityRetrofit (1 [South Fork Recent Scale Est. Sum expect shallow gw; likely lateral flow
IPMF  |issaquah cell) Geosciences 0.25]  Alluvium TP PIT{D1 NO 2014| 9/16/2015|issues
Issaquah High
19 School Cell #24 (24 Summer] AESI currently monitors surface water
IHS Issaquah cells) AESI Outwash| TP PIT|A1 NO 2010| 9/16/2015|level and shallow ground water level
BT, BK,
20 Rec. OW| cw
AFR Marysville AFRC AESI Sand| TF/B PIT[A1 9/18/2015
BT, BK,
21 cw
MSP Marysville Residential 9/18/2015
Mill Creek
22 Community
Association
MCCA _[Mill Creek (MCCA)
23 Bloedel Donovan
BBD _ |Bellingham Park
24 Pierce Cty (Pari/ | SPrinker Parking Rec. OW Stamped no drainage or geotech report; MGS
SPRK _|span) Lot LID Retrofit Unk Steilacoom Unk| Unk|A2 YES Oct'10]Did not visitjmdl 30 iph, dtw of 15 ft
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Site Information for Vegetation Assessment

BHP Phase |
Site Selection Vegetation
Yellow = 1st
Choice
Herbaceous (H)
or Woady (W)
AESI KMZ | Vegetation or
Label Jurisdiction | Site Planting Plan Both Percent Cover |[Comments
Ben Ryan Short underconstruction; upper RG in till,
1 BRP  [Kirkland Plat (3 cells) No Zone 1-H middle in wx till, lower filled with BSM
Alex.Graham Bell Back Cell -90-
2 |Elem. School (2 Back Cell -W 95%
AGB  |Kirkland cells) Yes Front cell W, H | Front cell 75%||good access, need geotech
Cedar Park Short " lgood access, heavily maintained;
3 CPP  |Kirkland Plat (several cells) |Yes Hst Cell in Series-W 50% compacted by foot traffic
4 Kirkland Children’s Zone 1-H 80%
KCS  |Kirdand School (1 cell) No Zone 2-W * poor access
Cell #1 -H (Zone
1)
C 4
Cell #2- H (Zone | CE!l#1-70%
5 1) Cell #2-65%
Cell #3-90%
145th Bellevue (3 Cell #3- H (Zone good access, check for mon data; need
B145  [Bellevue cells) Yes 1) IAMEC geotech report
Grow Community -
6 GRO  |paibridge (several cells) Ves w 50% Unk geotech
Circular Cell-
70%
Entry Cell- 80
%
7 Circular Cell-W, H Lower &
Entry Cell- W Lower Cells
Lower & Upper | Courtyard-
Cells Courtyard- 80%
High School Zone 1-H Front Cell-
BHS  |Bainbridge (several cells) No Front Cell- W, H 0% Geotech report not provided
Cell Adj to Road- |  Cell Adj to
8 H Road- 80%
BUS  [Bainbridge Bus Bam (2 cells) fINo Cell #2-W, H Cell #2- 60% ||Unk geotech
Noll Roundabout (1 n
9 NOL  [Poulsbo cell) No W, H 70%  [lunk geotech
Viking Ave (several N jon-standard BSM, geolech rpt did not
1 0 VIK Poulsbo linked cells) Yes W 80% laddress infiltration;
allow gw at 6-8 bgs, tidally
* 11 Anderson Pkwy influenced; geotech rpt did not address
PAP  |Poulsbo (Lined) NA (lined) infiltration;
Thornton Creek
12 Retrofit (several 17 bioretention cells; used Ecology '05
TCR  [Shoreline cells) Did not Visit manual grain size to est infiltration rate
13 Spanaway Lake Cell - W Cell J- 60% (Spanaway Lake level expression of
SLP  [Pierce County  |Park (9 cells) Yes Cell I- W, H Cell I-90 % |water table
Habitat for
‘[4 Humanity (several 50-70% Standing water present in nearby
PHH  |Pierce County  [cells) No H lexcvation; looks like glacial till exposed
Basin 1B- 60 %,
15 Basin 2B- 70 %|
Basin 1B- H Side yard Cells
ORLA (several Basin 2B- H 100% bioretention -> gravel frenches->
ORLA  [olympia cells) No Side yard Cells- H infiltration trenches -> pond
Evergreen Tefrace
16 Phase 3 (several (mowed lawn
ET3  |Olympia cells) No H no drainage or geotech report
SW Corner
17 Cell-50% |12 sed on MWs; proximity to Issagquah
Ranier Blvd LID SW Corner Cell- H|SE Corner Cell{[ck; field rates lower than average for
IRB Issaquah Phase Il (4 cells) Yes SE Corner Cell-H 70% lsome
Parks Maintenance
18 FacilityRetrofit (1 50% expect shallow gw; likely lateral flow
IPMF  |issaquah cell) Yes H issues
Issaquah High
1 9 School Cell #24 (24 int. Area Cell- 4lAESI currently monitors surface water
IHS Issaguah cells) No Maint. Area Cell- W level and shallow ground water level
20 AFR  |Marysviie AFRC No H 80%
21 MSP  |Marysville Residential No H 20%
MilCrask East Cell- 70%
Community
22 Association East Cell-H West Cell-
MCCA  [Mil Greek (MccA) No West Cell- H 80%
oat Launc
Boat Launch Cell- Boat Launch
23 Cell- 75%
Bloedel Donovan W Entry Cell-85%
BBD  |Eelingham Park No Entry Cell-wW ey ’
Plerce Cly (Parki | SPINKer Parking no drainage or geotech report; MGS mdi
24 SPRK  [span) Lot LID Retrofit 30 iph, ditw of 15 ft




Acronyms Used in Attachment Spreadsheets

KC: King County

TIR: Techical Information Report

COB: City of Bellevue

b: soil thickness in feet

n: scil porosity in percent

CF: correction factor, when applied to field infiltration rate
Rec. OW: recessional outwash

Adv. OW: advance outwash

EPA FH: Environmental Protection Agency Falling Head
TP/HA: test pits/hand augers

B: exploration boring

Hydrogeo Category

AX: recessional outwash, no underdrain, ground water depth unknown
A1: recessional cutwash, no underdrain, ground water within 10 feet
AZ: recessional cutwash, no underdrain, ground water greater than10 fest
BX: glacial till, unknown underdrain configuration

B1: glacial till, no underdrain

B2: glaciat tifl, underdrained

CX: advance outwash, no underdrain, ground water depth unknown
C1: advance outwash, no underdrain, ground water within 10 feet

C2: advance outwash, no underdrain, ground water greater than10 feet
DX: recent alluvium, no underdrain, ground water depth unknown

D1 recent alluvium, no underdrain, ground water within 10 feet

D2Z: recent alluvium, no underdrain, ground water greater than10 feet
E: other
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CLEAR CREEK SOLUTIONS, INC.

15800 Village Green Drive #3
Mill Creek, WA 98012

CLEAR CREEK SOLUTIONS 425-225-5997 _
www.clearcreeksolutions.com

MEMORANDUM
DATE: 26 June 2018
TO: Eli Mackiewicz, Engineering Technician, City of Bellingham
CcC: Bill Taylor, Principal Investigator
FROM: Doug Beyerlein, P.E., Hydrology Lead and Project Manager
SUBJECT: Bioretention Hydrologic Performance Phase Il Deliverable 5.2 Hydrologic Modeling
Results

For Task 5 of the Bioretention Hydrologic Performance Phase Il we have completed Deliverable 5.2 —
Hydrologic Modeling Results.

Modeling Procedures

The field monitoring provided information that was used as part of the WWHM2012 model input for
each of the ten bioretention sites.

The hydrologic monitoring data collection (previously discussed) provided time series data for rainfall,
inflow, overflow, groundwater, and ponding at 5-minute intervals for use in the individual site models.
Each data time series was copied into (imported into) the individual site model’s data base for later use
in either the model’s calculations (rainfall data) or comparison with the model’s results (inflow,
overflow, groundwater, and ponding data).

The geotechnical data collection provided information about the bioretention soil mix found at each of
the ten bioretention sites and the native soil infiltration rate, as measured on-site. Because these
bioretention sites were designed and constructed before a standard bioretention soil mix was specified
by Ecology it was not expected that any of the soil mixes would meet a specific standard. However,
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. As will later be discussed, there were sites were groundwater mounding influenced the native
soil infiltration rate during the winter months and the input infiltration value was adjusted accordingly
to represent these high groundwater periods.



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 be dependent based on the type and amount of vegetation.

The other field monitoring data collected for use in the individual bioretention site models were the
dimensions of the bioretention facility (length, width, maximum depth of ponding) and the outlet
control structure(s), if any. The size of each facility was 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 was also measured for the one site (Noll Road)
that had an active underdrain.

All of the above field data were used in one way or another in either the WWHM2012 model input for
each of the ten bioretention sites or evaluating the model output.



Data Analysis and Results

Modeling Comparison of Observed versus Design Results

Summary

The hydrologic performance of the ten early-design (pre-2012 Ecology manual) 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 WWHM2012 model graphical results comparison with
the monitored data more often than not.

In general, the WWHMZ2012 models of the ten bioretention sites reproduced the monitored
bioretention hydrologic performance data with good results when viewing the long-term graphical
trends. Good 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.

Based on all of the above modeling results it appears that there are two major model inputs that may be
influencing the results. The vegetative litter cover noted in the two Spanaway sites may be reducing the
infiltration of the ponded water into the bioretention soil mix. Except for SLPI and SLPJ this vegetative
litter cover was not explicitly modeled.

The other major model input that may be influencing the results is the evapotranspiration (ET) from the
bioretention soil mix. It is set in WWHM2012 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 bioretention soil mix layer.

At this time, based on the bioretention modeling completed for this study, we do not recommended any
changes in the Ecology bioretention sizing criteria.



Site Characteristics

The field collected data, described in the previous section, was used to provide input data in the
construction of the individual WWHM2012 models of each bioretention site. These data are
summarized in Table 1 below.

Table 1. Site General Information

Top Bottom | Bottomto | Overflow | Modeled | Native Soil

Drainage Area Area Drainage Height Depth Infiltration
Site Area (ac) (ft2) (ft2) Percentage (ft) (ft) (in/hr) Underdrain
B145 0.494 1600 470 2% 0.4 4.5 9 Yes(1)
BDP 0.8 550 550 2% 0.9 3.6 0.2 No
IHS 2.01 3207 1080 1% 2.5 10.7 60 Yes(2)
MCCA1 0.01 804 299 69% 0.3 1.5 0.04 No
MCCA2 0.142(3) 747 286 5% 0.4 3.4 2 No
ORLA1 0.4 3180 2100 12% 0.67 34 23 Yes(3)
ORLA2 0.338 3664 1924 13% 0.52 1.3 4 Yes(3)
NOLL 0.679 4567 520 2% 1.13 2.6 0.01 Yes
SLPI 0.429 1810 792 4% 1.0 2.4(4) 40 No
SLPJ 0.618 2066 1008 4% 0.6 2.6(4) 60 No

Notes:

(1) The underdrain is capped and currently not used.

(2) The underdrain leads to an infiltration gallery and does not discharge to a surface outlet.

(3) The drainage area includes 5400 square feet of drainage from the adjacent permeable
pavement parking lot that was not monitored.

(4) The underdrain leads to a gravel trench and does not discharge to a surface outlet.

(5) The modeled depth includes 0.3 feet of surface leaf litter.

The drainage area is the area that contributes runoff to the bioretention site. For each bioretention
facility this information was taken from design reports and drawings, if available. Where there was a
guestion about the drainage area it was field checked. For three of the sites (BDP, IHS, and MCCA2) the
drainage area in the model was modified to more accurately reflect either measured inflows or ponding
depths.

The bottom area is the bottom footprint of each of the bioretention cells. The bottom area is calculated
from the field survey information. Most of the bioretention sites had a flat bottom area and sloping
sides. The side slopes were calculated based on the difference in bottom and top lengths and widths
and bioretention cell heights.

The bottom to drainage percentage is the relative size of the bioretention bottom area to the
contributing drainage area. The larger the percentage the larger the bioretention area is to the
surrounding area that drains to it. MCCA1, which drains just a portion of the adjacent MCCA Building
roof, has the largest percentage at 69%. The proportionally large size of the MCCA1 bottom area
relative to the roof area compensates for the very slow native soil infiltration rate. Most of the sites




have percentages in the 1-5% rate. This is more typical for a bioretention site and reflects the designer’s
desire to minimize the size of the bioretention cell.

The overflow height is the height (depth) from the bioretention soil surface to an overflow. The
overflow may be a riser inlet, weir, or lowest spot on the side of the bioretention facility. When the
ponding depth reaches this height then water can flow out of the bioretention cell via surface discharge
(the other ways that water can flow out are by infiltrating into the native soil or discharging through an
underground underdrain).

The modeled depth is the total soil depth modeled in the individual WWHM2012 models. This modeled
depth typically includes two modeled soil layers. The top modeled soil layer (Layer 1) is the
bioretention soil mix (BSM). The second modeled soil layer (Layer 2) is the soil layer below the BSM soil
mix (Layer 1) and above the bottom of the monitored well point. Layer 2 was included in each model to
provide a subsurface water depth/height that can be compared with the monitored well point data. For
the two Spanaway sites (SLPI and SLPJ) a third modeled soil layer was added. For these two sites only a
top layer (Layer 1) was added above the BSM layer to represent the effect of leaf litter in reducing the
water movement into the BSM layer (which in these models is Layer 2). Details of the composition of
the modeled depth in each bioretention site are presented in Table 2 below.

Native soil infiltration (inches per hour) for each site was initially based on the infiltration tests
conducted as part of the geotechnical field measurements. Through the modeling process some of the
native soil infiltration rates were adjusted to compensate for the effects of seasonal high groundwater
or groundwater mounding that reduced the ability of water to move vertically through the modeled soil
layers and into the underlying native soils.

An underdrain is a set of pipes in the bottom of the bioretention facility that collect water and discharge
it through an outlet control structure. Typically underdrains are connected to a storm sewer system.
Underdrains are used where it appears that the native soil infiltration rate is insufficient to remove all of
the water from the bioretention cell and there is a potential for surface ponding to overtop the facility
and flood surrounding properties. Underdrains can prevent this from happening. Most of the ten sites
do not have underdrains and most or all of the water infiltrates into the native soil. Three sites (B145,
IHS, and NOLL) have underdrains, but only NOLL has an underdrain that provides surface discharge. This
surface discharge (outflow) was both monitored and modeled.

Table 2 provides information on the modeled soil layers in each bioretention model.



Table 2. Modeled Soil Layer Information

Native Soil

Layer 1 Layer 1 Layer 2 Layer 2 Layer 3 Layer 3 Infiltration
Site Soil Depth (ft) Soil Depth (ft) Soil Depth (ft) (in/hr)
B145 ASTM15 1.6 ASTMA4 2.9 None 0 9
BDP ASTM15 1.7 Gravel 1.9 None 0 0.2
IHS ASTM9 1.6 ASTM35 9.1 None 0 60
MCCA1 ASTMA4 0.8 ASTMA4 0.7 None 0 0.04
MCCA2 ASTM1 1.0 ASTM12 2.4 None 0 2
ORLA1 ASTM?2 1.3 ASTM24 2.1 None 0 23
ORLA2 ASTM?2 1.3 ASTM?24 5.0 None 0 4
NOLL ASTM60 1.5 Gravel 11 None 0 0.01
SLPI ASTM?2 0.3 ASTM50 1.7 Gravel 0.4 40
SLPJ ASTM?2 0.3 ASTM60 1.9 Gravel 0.4 60

As described above, the modeled depth is the total soil depth modeled in the individual WWHM2012
models. The modeled soil depth is composed two or more individual soil layers.

For each model (except the two Spanaway models) Layer 1 represents the bioretention soil mix (BSM)
type and depth. The Layer 1 depth is the depth or thickness of the BSM, as measured in the
geotechnical field work. The actual Layer 1 soil mix was initially unknown, but could be determined by
comparing the monitored and modeled surface pond depths and soil water depths. WWHM2012
provides the soil input parameter values for the Ecology-standard bioretention soil mix, but all of these
sites were designed and constructed before that standard mix was required. WWHM?2012 also provides
soil input parameter values for a range of ASTM (American Society for Testing and Materials) soils. For
the purposes of hydrologic modeling the ASTM number specification (for example, ASTM15) refers to
the saturated conductivity value (15 inches per hour for ASTM15).

Layer 2 is not necessarily an engineered bioretention soil mix soil. Layer 2 is the soil layer below the
BSM soil mix (Layer 1) and above the bottom of the monitored well point. Layer 2 was included in each
model to provide a subsurface water depth/height that can be compared with the monitored well point
data. For the two Spanaway sites (SLPI and SLPJ) a third modeled soil layer was added. For these two
sites only a top layer (Layer 1) was added above the BSM layer to represent the effect of leaf litter in
reducing the water movement into the BSM layer (which in these models is Layer 2). Layer 2 soils were
typically found to have different saturated conductivity values than the Layer 1 BSM soils.



WWHM2012 Model Construction

A separate WWHM2012 model was constructed for each of the ten bioretention sites. The bioretention
site was located on the appropriate WWHM?2012 project site map (see Figure 1 for an example).
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Figure 1. WWHM2012 Project Site (MCCA2) in Snohomish County

The MCCAZ2 bioretention site is located at the red dot in the center of the red circle in Snohomish
County.

For each model the corresponding monitored 5-minute data were imported into the specific model’s
data base file (HSPF WDM file), as shown in Figure 2.



[

File Edit View Help Summary Report
D &+ 2@

=

Stream Protection Duration | LID Duration I Fl
w'etland lnput Yalumes ] LID Fepart J Fiecharge Dura
Analyze datasets Compact WDk | Delete Selected |

Extended Evap Time Series
2241

41 PREC MLCCA

46 N MCCa2

47 OUT MCCA2

48 PD MCCAZ

49w F MCCA v3

1 POC 1 Predeveloped flow

Figure 2. WWHM2012 Time Series Data
Each monitored data set is given a unique data set number (DSN), as shown in Figure 2.

For MCCA2 the monitored 5-minute precipitation time series is data set number 41; the monitored
inflow is DSN 46; the monitored outflow is DSN 47; the pond depth is DSN 48; and the well point depth
is DSN 49. These monitored time series will be used to compare and evaluate the model results.

The model simulation period time step and start and end dates were changed from the default
WWHM2012 simulation values. These changes were made by going to View, Options, Timestep (see
Figure 3). The WWHM2012 default time step was changed from 15 minutes to 5 minutes because all of
the monitored data were collected in 5-minute intervals. The WWHM2012 simulation start and end
dates were changed to run from 1 October 2015 through the end of the data collection period (typically
June or July 2017). The monitored data did not actually start until October 2016, but the model
simulation period was started a year earlier to provide a start-up period for the simulation. The model

results were compared with the monitored data only for the period of October 2016 through June/July
2017.
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Figure 3. WWHM2012 Simulation Time Step and Start and End Dates (for MCCA2)

The contributing drainage area for each bioretention facility was determined from design reports and
drawings, if available. Where there was a question about the drainage area it was field checked, as
described above. The specific acreages were input to each WWHM2012 model using the WWHM?2012
Land-use element (see Figure 4). For the MCCA sites (both MCCA1 and MCCA2) the MCCA Building roof
area was designated as “Roads/Steep” instead of “Roof Tops/Flat” because this roof has a slope greater
than 15 percent and the only roof option is for a flat (<5%) roof. The “Roads/Steep” designation better
represents the roof’s actual hydrologic behavior than “Roof Tops/Flat”.

For the MCCA2 site the WWHM2012 Permeable Pavement element was also added to the model to
represent runoff from the adjacent permeable pavement parking lot (Figure 5).



WWHM2012 Bioretention MCCA 2 v3

File Edit Yiew Help Summary Report
D & i) jEaiET} =
Basin Help
Schematic [= == |B MCCA 2 Mitigated
SCENARIOS “| | Subb Mame: |[MCC4 2 [™ Designate as Bypass for POC;
Dl Predeveloped Surface Interflow
i Flows To:  [SufaceMOCAZ | [Suface MCCA 2 ] [
Mitigated Area in Basin [ Show Only Selscted
Elrn Seme Available Pervious Acres Available Impervious Acres
[~ 7B, Forest, Flat 0 [~ ROADS/FLAT 0
Basic Elements VICCAZ [~ &78, Foredl, Mod f [~ ROADS/MOD 0
[~ &JE, Forest, Steep [ [v ROADS/STEEF 0184
[~ AJE, Pasture, Flat 0 [~ "ROOF TOPS/FLAT @
[~ AJE, Pasture, Hod 0 [~ DRNEWAYS/FLAT 0
[~ A/JE, Pasture, Steep [ [~ DRNEWAYS/MOD 0
[~ AJE, Lawn, Flat [ [~ DRNEWAYS/STEEP 0
[~ A, Lawn, Hod 0 [~ SIDEWALKS/FLAT 0
Pio Elements [~ &/E, Lawn, Sieep [ [~ SIDEWALKS/MOD 0
Al [~ C. Forest, Fiat 0 [~ SIDEWALKS/STEEF 0
[~ C.Forest, Mod [ [~ PARKING/FLAT 0
[~ C.Forest. Stesp 0 [~ PARKING/MOD 0
[~ C.Pasture, Flat 0 [~ PARKING/STEEF 0
[~ C.Pasture, Mod 0 [~ FOND 0
[~ C.Pasture, Steep fi [~ Poraus Pavement 0
[~ C.Lawm, Flat 0 [~ Porous Pavement 0
Commercisl Toolbos T Clambod ][0
' - [~ T Lawn, Steep 0
ol E [~ GAT, Forest, Flat f
o, E‘ &%’.« [~ GAT. Forest, Mod f
= AT Fost Steep [
Move Elements
4!
E @ y@ Pervious Total o Acies
Saverny | Loadny | Impervious Total  [A0764 Acies
T 1t Basin Total e Acies
L -a— J o |
I Select By: — &

Figure 4. WWHmM2012 Land-use Element

d

File Edit View Help SummaryReport

WWHMZ2012 Bioretention MCCA 2 v3

DEHE +B@ L] =
™
il g
i Schematic [= = =] |6 Permeable Pavement 1 Mitigated
SCENARIOS 4| |Facility Name
Outlet 1 Outlet 2 Outlet 3
[ Predeveloped Downstream Connection [ufacemccaz | [o | B
Facility Type Permeable Pavement
Mitigaterd
Quick Pavernent
Run Scenario

Basic Elements

Permeable Pavement

Al

Commercial Toolbox

Move Elements

Facility Dimension Diagram

Facility Dimensions

Overflow Data |
Pavement Length (1) [@0

Pavement BottomWidth (1] [g0 Panding Depth Above Pavement (1) oo
Effective Total Depth (i) [2
Bottom elope (i) 0

Effective Wolume Factor

[

Layers for Permeable Pavement

Pavement Thickness () [05 Diameter Height
Pavement porosity (011 (0.4 (in) 1]
Sublayer 1 Thickness ()] (05 Underdrain | ro N |
Sublayer 1 porosity (01) (3.4
Sublayer 2 Thickness [f] [
Sublayer 2 porosity (0-1) 0
(R = = Starage Yolume ot Top of Pavement (act] 175
Measured Infiliation Rate (in/hr) ]

> (=]
Reduction Factor (nfitfactar) F || ST Ve (Ee i
Use Wetted Suace Area (sidewalls) [0 =4 Initial Stags (1)
Total Volume Infilvated (ac-f) 0012 Total Volume Thiough Fam:lw aoft]  DE14
Total Volume Thiough Riser facft) 0,602 Percent Irfiliated 195

N
iy

Save uy [ Loaduy |

Size Pavement

Target %: [0~

R # 0 |

Figure 5. WWHM2012 Permeable Pavement Element




The specific bioretention facility is represented in WWHM2012 by the Bioretention element and
contains all of the user input for defining the dimensions and characteristics of the bioretention site.
The reader is referred to the WWHM2012 User Manual for more details about the Bioretention element
input and model calculations. The MCCA2 Bioretention element is shown in Figure 6.
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Figure 6. WWHM2012 Bioretention Element (for MCCA2)

WWHM2012 Model Results

Two sets of WWHM2012 model results were generated and evaluated. For each site WWHM2012 was
first set up to compare the model results with the monitored data. For the comparison of the model
simulation results with the monitored/recorded data the primary focus was trying to match the
simulated and recorded ponding depths and the simulated and recorded well point data. The ponding
depths showed how the water ponded on the surface of the bioretention facility. The well point data
showed how the water filled up the bioretention soil column. The ponding and well point data are
linked. If the well point data shows that the bioretention soil column is completely saturated then water
cannot drain from the surface into the bioretention soil and this causes water to pond on the surface.
Water can also pond on the surface even if the soil column is not completely saturated if the inflow of



water into the bioretention facility is greater than the infiltration into the top layer (Layer 1) of the
bioretention soil mix.

At each site the specific bioretention soil mix was not known (this problem is discussed above). The
infiltration rate into the native soil was known from the geotechnical field work, but could be different
based on seasonal factors.

Each model was set up with a specific bioretention soil mix for each soil layer and an infiltration rate.
These model inputs were then adjusted to produce the best match of the simulated ponding and well
point results with the recorded data. Those final model inputs are shown in Table 3. The ponding depth
plots and the well point plots are shown for each site in the Individual Bioretention Site Results
discussion below.

The model inflow and outflow simulation results were also compared with the monitored inflow and
outflow data, where available. A number of issues were found with the monitored inflow data.
Specifically, there were numerous periods in December 2016 and January and February 2017 where
because of freezing conditions and/or snow the monitored inflow data matched poorly with the
monitored rainfall data. For this reason the inflow to the bioretention site was simulated from
monitored rainfall data rather than using the monitored inflow data. This decision eliminated the
possibility of any error in the monitored/recorded inflow data affecting the bioretention results. The
simulated inflow volumes were plotted together with the recorded inflow data to identify
inconsistencies. The comparison plot for each site is shown in in the Individual Bioretention Site Results
discussion below.

For the majority of the bioretention sites there was no outflow. This was because all of the inflow to the
bioretention site infiltrated into the native soil. Also, outflow, when it did occur, could be difficult to
measure due to the outlet configuration.

Model results are presented in both statistical and graphical formats. The statistical format compares
the model simulated versus recorded/monitored inflow data, pond depths, soil layer water content
depths, and underdrain discharge volumes for the ten sites in terms of maximum values, minimum,
mean, and standard deviation of the 5-minute data for the data collection period. For the statistical
comparison periods where there were identified data collection problems (primarily due to freezing
conditions and/or snow in December 2016, January 2017, and February 2017) were deleted from the
statistical calculations.

The statistical results are shown in tables 3, 4, 5, and 6, below. Table 3 shows the maximum, minimum,
mean, and standard deviation of the 5-minute data for monitored/recorded (R) and model simulated (S)
bioretention site inflow results.



Table 3. Bioretention Site Inflow (cfs)

Site MAX-R MAX-S MIN-R MIN-S MEAN-R MEAN-S STD DEV-R STD DEV-S
B145 0.522 0.211 0.000 0.000 0.003 0.003 0.016 0.008
BDP 0.372 0.627 0.000 0.000 0.006 0.005 0.020 0.018
IHS 0.688 0.986 0.000 0.000 0.023 0.018 0.055 0.042
MCCA1 0.071 0.009 0.000 0.000 0.0003 0.0001 0.0014 0.0003
MCCA2 0.069 0.061 0.000 0.000 0.001 0.001 0.002 0.003
ORLA1 0.072 0.817 0.000 0.000 0.003 0.004 0.006 0.012
ORLA2 0.067 0.690 0.000 0.000 0.001 0.004 0.004 0.010
NOLL 0.139 0.287 0.000 0.000 0.001 0.004 0.005 0.011
SLPI 0.191 | 0.232 | 0.000 | 0.000 0.003 0.002 0.011 0.008
SLP) 0.298 | 0.322 | 0.000 | 0.000 0.006 0.003 0.018 0.011
Table 4. Bioretention Site Pond Depth (feet)
Site MAX-R | MAX-S MIN-R MIN-S MEAN-R MEAN-S STD DEV-R | STD DEV-S
B145 0.52 0.45 -0.13 0.00 0.02 0.01 0.07 0.03
BDP 1.15 2.04 0.24 0.00 0.38 0.34 0.16 0.42
IHS 1.38 1.57 -0.15 0.00 0.04 0.01 0.12 0.06
MCCA1 0.08 0.08 -0.08 0.00 -0.010 0.0004 0.015 0.003
MCCA2 0.58 0.48 -0.15 0.00 0.15 0.02 0.14 0.07
ORLA1 0.08 0.38 -0.05 0.00 0.01 0.003 0.01 0.01
ORLA2 0.57 0.37 -0.17 0.00 0.01 0.004 0.02 0.01
NOLL 0.48 0.63 -0.07 0.00 0.04 0.01 0.08 0.03
SLPI 0.54 0.44 -0.08 0.00 0.02 0.003 0.04 0.02
SLPJ 0.63 0.52 -0.38 0.00 0.01 0.004 0.05 0.02
Table 5. Bioretention Site Well Point Depth (feet)

Site MAX-R MAX-S MIN-R MIN-S MEAN-R MEAN-S STD DEV-R STD DEV-S
B145 3.94 3.77 0.09 0.07 0.59 1.14 0.27 0.68
BDP 3.57 3.49 0.89 0.00 2.20 2.10 0.74 1.44
IHS 10.17 10.01 0.58 0.21 3.77 2.07 1.48 1.28
MCCA1 1.46 1.41 -0.22 0.00 0.48 0.34 0.14 0.29
MCCA2 2.78 2.97 -0.30 0.00 0.99 0.71 0.71 0.54
ORLA1 1.07 2.03 0.00 0.00 0.72 0.53 0.18 0.34
ORLA2 0.67 0.60 0.18 0.11 0.55 0.52 0.09 0.08
NOLL 1.98 1.55 1.29 0.00 1.45 0.21 0.08 0.19
SLPI 0.10 2.17 0.00 0.00 0.05 0.25 0.01 0.20
SLPJ 1.19 2.40 -0.07 0.00 -0.02 0.26 0.05 0.22




Table 6. Bioretention Underdrain Discharge (cfs) — NOLL Only

Site

MAX-R

MAX-S

MIN-R

MIN-S

MEAN-R

MEAN-S

STD DEV-R

STD DEV-S

NOLL

0.024

0.237

0.000

0.000

0.0001

0.004

0.001

0.011

The statistical comparisons do not necessarily match well. This can be for a number of reasons, as
discussed in the individual site results below. As such, the statistical comparison of results can be

misleading. What is more important is the ability to match trends rather than statistics. By looking at
graphical trends we can visually see if the model provides the same trends in terms of inflow, ponding,
and well point data as the monitored info. The statistics cannot show trends and therefore are less

useful in evaluating the modeling results than the graphical comparisons.

A summary of the model graphical comparisons is presented in Table 7. The table presents a
comparison of the model simulated versus recorded/monitored inflow data, pond depths, soil layer
water content depths, and underdrain discharge volumes for the ten sites.

Table 7. Comparison of Model (S) versus Monitored (R) Results

Site S vs R Inflow Svs R Pond S vs R Soil Layer S vs R Underdrain
B145 Good* Mixed Good N/A
BDP Mixed Good Good N/A
IHS Mixed Mixed Good N/A
MCCA1 Mixed Good Mixed N/A
MCCA2 High** Good Mixed N/A
ORLA1 High Mixed High N/A
ORLA2 High Low Good N/A
NOLL High Mixed High High
SLPI Mixed Mixed High N/A
SLPJ Low Mixed High N/A

* Good, expect for frozen conditions; ** High due to parking lot runoff
S vs R Inflow is the comparison of the simulated (S) inflow volume to the bioretention site compared to

the monitored or recorded (R) inflow volume. The simulated inflow volume is calculated from the

rainfall on the contributing drainage area to the bioretention site. The monitored inflow volume is
calculated from the inflow measurements collected at specific input locations entering the bioretention

site.

S vs R Pond is the comparison of the simulated (S) bioretention site surface ponding depths compared to
the monitored or recorded (R) ponding depths.

S vs R Soil Layer is the comparison of the simulated (S) bioretention site subsurface soil layer water
elevations compared to the monitored or recorded (R) well point data.

S vs R Underdrain is the comparison of the simulated (S) bioretention site underdrain outflow compared
to the monitored or recorded (R) underdrain outflow.




The comparison categories of “Good”, “Mixed”, “High”, and “Low” are somewhat subjective, but are
based on a total view of the comparison plot for each type of data. There is no statistical measure or
test that can adequately represent the ability of the model results to reproduce the monitored data, due
to missing data periods, weather problems related to freezing conditions, and timing issues. An
evaluation of the results by a modeling professional takes these issues into account and allows for an
unbiased opinion.

For this purposes of this comparison, “Good” is defined as a good overall match of the simulated and
recorded data. Even if there is not an exact match, both sets of data follow the same trends and
magnitudes.

“Mixed” is similar to “Good” but shows more variability. With “Mixed” some periods match well while
other periods match poorly, but the simulated results are neither consistently high or low.

“High” means that the simulated results are consistently high. There may be a valid reason for this
different between the simulated and recorded results, but regardless the difference is noticeable.
“Low” is similar, but in the opposite direction (the simulated results are consistently low).

Further discussion of these graphical results and the comparison plots from which they were
determined is presented below in the individual site modeling section of this report.

The second set of model results was based on the long-term county precipitation data. For each site the
long-term (50 years or longer) precipitation record was used to generate long-term simulated ponding
and outflow data. These simulated data were not compared against the monitored data, but were used
to evaluate the individual bioretention’s site to meet Ecology minimum requirements #5 and #6.

Minimum Requirement #5 (MR#5) is the LID flow duration performance standard. MR#5 requires that
flow durations between 8 percent of the 2-year flow (0.08Q2) and 50 percent of the 2-year flow
(0.50Q2) do not increase above the predevelopment land use conditions. For each of these models the
predevelopment land use was defined as forested. WWHM?2012 provides the appropriate calculations
to demonstrate compliance with MR#5.

Minimum Requirement #6 (MR#6) is the water quality performance standard. MR#6 requires that at
least 91 percent of the total runoff volume be treated. Treatment in a bioretention facility consists of
water movement through the bioretention soil mix. This treated water can then either infiltrated into
the native soil or exit via an underdrain or both. Water that discharges through the surface outlet (riser
or weir) is not treated. WWHM2012 provides the appropriate calculations to demonstrate compliance
with MR#6.

Compliance with MR#5 and MR#6 is shown in Table 8.



Table 8. Minimum Requirement Compliance

Site MR#5 MR#6
B145 Yes Yes
BDP No No
IHS Yes Yes
MCCA1 Yes Yes
MCCA2 Yes Yes
ORLA1 Yes Yes
ORLA2 Yes Yes
NOLL No Yes
SLPI Yes Yes
SLPJ Yes Yes

All of the sites, except BDP and NOLL, pass the MR#5 LID flow duration criterion. BDP does not pass
because of too many outlet overflows (see Individual Bioretention Site Results for details). NOLL does
not pass because there is no flow constrictor (orifice) on the NOLL bioretention site underdrain and the
underdrain flows exceed MR#5.

All of the sites pass the MR#6 water quality standard, except BDP. As with MR#5, BDP does not pass
because too much of the bioretention discharge is surface discharge over the outlet weir. BDP does not
have the needed 91% of the flow being treated by filtering through the bioretention soil mix.

Bioretention facilities can also be designed and constructed to meet Minimum Requirement #7 (MR#7).
MR#7 is the stream protection flow control standard. MR#7 requires that flow durations between 50
percent of the 2-year flow (0.50Q2) and the 50-year flow (Q50) do not increase above the
predevelopment land use conditions. While WWHM?2012 provides the appropriate calculations to
demonstrate compliance with MR#7, we did not evaluate the bioretention facilities for this compliance.
This is because they did not have to be designed to meet this standard and to test them for compliance
would be potentially misleading as to the effectiveness of their hydrologic performance. Specific
compliance with MR#7 usually requires an orifice on the underdrain outlet and a riser designed
specifically to control the release of high flows to meet MR#7. None of the ten bioretention facilities
were observed to have these flow control features.



Individual Bioretention Site Results

Individual bioretention model results are discussed below. Each bioretention site has a unique set of
characteristics that influenced the model set up and the comparison of model (simulation) results with
the monitored (recorded) field data.

At each site the simulated and recorded daily inflow volumes are plotted and compared. The purpose
of this comparison is to identify any potential errors in either the simulated or recorded inflow volumes.
The simulated inflow volumes are calculated by WWHM2012 using the monitored rainfall data and the
contributing drainage area to the bioretention site. It is possible that either one of those model inputs
contains errors. The recorded/monitored inflow volumes are field measured values. These recorded
values also may contain errors due to weather conditions (snow and/or freezing temperatures) and/or
not recording all of the inflow sources to the bioretention site. By comparing the two sets of daily inflow
volumes it is possible to identify problems that can and will affect the ability of WWHM2012 to correctly
reproduce the surface ponding and soil layer elevations measured in the field.

At each site the simulated and recorded bioretention surface ponding depths are plotted and compared.
The purpose of this comparison is to see how well WWHM2012 can reproduce the recorded/monitored
ponding data. Surface ponding is a critical measure of the bioretention site’s hydrologic performance.
Excessive surface ponding can result in surface discharge via riser or weir that does not provide any
water quality treatment or LID flow control.

At each site the simulated and recorded bioretention well point data are also plotted and compared.
The well point data shows how the water fills up the bioretention soil column. The ponding and well
point data are linked. If the well point data shows that the bioretention soil column is completely
saturated then water cannot drain from the surface into the bioretention soil layer and this causes
water to pond on the surface. Water can also pond on the surface even if the soil column is not
completely saturated if the inflow of water into the bioretention facility is greater than the infiltration
into the top layer (Layer 1) of the bioretention soil mix.

It should be noted that the monitored well point data is not a perfect match for the WWHM2012 soil
layer moisture calculations. The monitored well point data is a measure of the “free” water in the soil
column. This is water that freely drains to the well and fluctuates up and down depending on inflow to
the soil from above and infiltration to the native soil below. The WWHM2012 simulated soil layer data
is calculated based on the soil’s hydraulic conductivity and wilting point (and other factors). Included in
these simulated soil moisture calculates is both the “free” water measured in the monitored wells (well
point data) and water that cannot freely flow, but remains trapped in the void spaces between soil
particles. In WWHM2012 this “trapped” water is removed by evapotranspiration. The “trapped” water
is not included in the well point monitored data. This is the reason for the discrepancy between the
simulated and recorded soil layer plotted results.
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The B145 bioretention site is located in Bellevue, King County, Washington. The drainage area to B145
consists of 0.19 acres of NRCS Type C soil, lawn vegetation, on a moderate slope (5-15%) and 0.304 acres
of roads on a flat slope (0-5%).

The B145 surface bottom footprint is 470 square feet. This equals 2% of the tributary drainage area to
B145.

B145 has a surface discharge via riser outlet set at 0.4 feet above the surface bottom. Most of the
inflow to B145 is infiltrated into the native soil beneath the bioretention soil layers. An underdrain was
included in the construction of the bioretention facility, but is capped and provides no discharge from
the site.

A native soil infiltration rate of 9 inches per hour together with a bioretention top soil layer of ASTM15
soil and a second soil layer of ASTM4 soil best reproduced the monitored soil moisture and surface
ponding conditions.

Figure B145-1 shows the simulated (red) and recorded (blue) daily inflow volumes and, along the top of
the figure, the B145 site monitored daily rainfall data. The simulated and recorded daily inflow volumes
match well, except for winter periods (January and February 2017) where snow and freezing conditions
affected the recorded values.
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Figure B145-1. B145 Daily Inflow Volumes
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Figure B145-2. B145 Hourly Surface Ponding Depths




Figure B145-2 shows the simulated (red) and recorded (blue) hourly maximum 5-minute surface
ponding (stage) values and, along the top of the figure, the B145 site monitored hourly maximum 5-
minute rainfall data. The simulated and recorded ponding values are mixed. The higher/larger ponding

depths match well, but the simulated depths for the smaller events do not show as much of a response
as the monitored data.
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Figure B145-3. B145 Hourly Soil Layer Well Point Elevations

Figure B145-3 shows the simulated (red) and recorded (blue) hourly maximum 5-minute soil layer well
point elevations (stage) values and, along the top of the figure, the B145 site monitored hourly
maximum 5-minute rainfall data. The simulated and recorded ponding values match well for the major
events. The simulated values for the smaller events show more fluctuation than the recorded well point
data and longer recession periods. This is probably due to difference in the water that is included in the
two sets of data, as described in the introductory remarks to this section.
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The BDP bioretention site is located in Bellingham, Whatcom County, Washington. The drainage area to
BDP consists of 0.80 acres of pavement on a flat slope (0-5%). Initially, it was believed that 1.60 acres of
pavement drains to BDP, but modeling inflow results when compared to the monitored data showed
this to be unlikely and that half that amount (0.80 acres) is a more probable contributing drainage area.

The BDP surface bottom footprint is 550 square feet. This equals 2% of the 0.8-acre tributary drainage
area to BDP.

BDP has a surface discharge via weir outlet set at 0.9 feet above the surface bottom. Approximately
one-half of the inflow to BDP is infiltrated into the native soil beneath the bioretention soil layers. BDP
contains no underdrain.

A native soil infiltration rate of 0.2 inches per hour together with a bioretention top soil layer of ASTM15
soil and a second soil layer of gravel best reproduced the monitored soil moisture and surface ponding
conditions. A high groundwater table from Lake Whatcom appears to greatly reduce the native soil
infiltration rate.

Figure BDP-1 shows the simulated (red) and recorded (blue) daily inflow volumes and, along the top of
the figure, the BDP site monitored daily rainfall data. The simulated and recorded daily inflow volumes
are mixed. Winter periods (November 2016 through February 2017) show major differences where
snow and freezing conditions affected the recorded values.
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Figure BDP-2. BDP Hourly Surface Ponding Depths




Figure BDP-2 shows the simulated (red) and recorded (blue) hourly maximum 5-minute surface ponding

(stage) values and, along the top of the figure, the BDP site monitored hourly maximum 5-minute
rainfall data. The simulated and recorded ponding values in general show a good match, except for dr
periods where the simulated depths drop down to zero and the recorded depths stay elevated. These
consistently elevated recorded ponding depths are due to the effect of Lake Whatcom’s groundwater
influence.
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Figure BDP-3. BDP Hourly Soil Layer Well Point Elevations

Figure BDP-3 shows the simulated (red) and recorded (blue) hourly maximum 5-minute soil layer well
point elevations (stage) values and, along the top of the figure, the BDP site monitored hourly maximu
5-minute rainfall data. The simulated and recorded ponding values match well. As with the ponding
results above, the simulated values show more fluctuation than the recorded well point data. These

m

consistently elevated recorded well point depths are due to the effect of Lake Whatcom’s groundwater

influence.
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The IHS bioretention site is located in Issaquah, King County, Washington. The drainage area to IHS
consists of 0.41 acres of NRCS Type C soil, lawn vegetation, on a moderate slope (5-15%) and 1.60 acres
of pavement on a flat slope (0-5%). Initially, it was believed that 0.80 acres of pavement drains to IHS,
but modeling inflow results when compared to the monitored data showed this to be too small and that
twice that amount (1.60 acres) is a more probable contributing drainage area.

The IHS surface bottom footprint is 1080 square feet. This equals 2% of the 2.01-acre tributary drainage
area to IHS.

IHS has a surface discharge via riser outlet set at 2.5 feet above the surface bottom. Most of the inflow
to IHS is infiltrated into the native soil beneath the bioretention soil layers. The riser outlet is connected
to an infiltration gallery so all of the inflow infiltrates into the native soil either through the bottom of
the bioretention facility or through the overflow infiltration gallery.

A native soil infiltration rate of 60 inches per hour together with a bioretention top soil layer of ASTM9
soil and a second soil layer of ASTM35 soil best reproduced the monitored soil moisture and surface
ponding conditions.

Figure IHS-1 shows the simulated (red) and recorded (blue) daily inflow volumes and, along the top of
the figure, the IHS site monitored daily rainfall data. The simulated and recorded daily inflow volumes
match well, except for winter periods (January and February 2017) where snow and freezing conditions
affected the recorded values.
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Figure IHS-1. IHS Daily Inflow Volumes
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Figure IHS-2. IHS Hourly Surface Ponding Depths



Figure IHS-2 shows the simulated (red) and recorded (blue) hourly maximum 5-minute surface ponding
(stage) values and, along the top of the figure, the IHS site monitored hourly maximum 5-minute rainfall
data. The simulated and recorded ponding values are mixed. The higher/larger ponding depths match

well, but the simulated depths for the smaller events do not show as much of a response as the
monitored data.
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Figure IHS 3. IHS Hourly Soil Layer Well Point Elevations

Figure IHS 3 shows the simulated (red) and recorded (blue) hourly maximum 5-minute soil layer well
point elevations (stage) values and, along the top of the figure, the IHS site monitored hourly maximum
5-minute rainfall data. The simulated and recorded ponding values match well for the major events.
The simulated values for the smaller events show more fluctuation than the recorded well point data
and longer recession periods. This may be due to raised groundwater levels in winter and spring months
(groundwater mounding) affecting the recorded data.
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The MCCA1 bioretention site is located in Mill Creek, Snohomish County, Washington. The drainage
area to MCCA1 consists of 0.01 acres of roof on a steep slope (>15%).

The MCCA1 surface bottom footprint is 299 square feet. This equals 69% of the tributary drainage area
to MCCAL.

MCCA1 has no surface outlet but overtops the site at 0.3 feet above the surface bottom. All of the
inflow to MCCAL1 is infiltrated into the native soil beneath the bioretention soil layers.

A native soil infiltration rate of 0.04 inches per hour together with a bioretention top soil layer of ASTM4
soil and a second soil layer of ASTM4 soil best reproduced the monitored soil moisture and surface
ponding conditions.

Figure MCCA1-1 shows the simulated (red) and recorded (blue) daily inflow volumes and, along the top
of the figure, the MCCAL1 site monitored daily rainfall data. The simulated and recorded daily inflow
volumes match well, except for winter periods (January and February 2017) where snow and freezing
conditions affected the recorded values.
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Figure MCCA1-1. MCCA1 Daily Inflow Volumes
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Figure MCCA1-2. MCCA1 Hourly Surface Ponding Depths



Figure MCCA1-2 shows the simulated (red) and recorded (blue) hourly maximum 5-minute surface
ponding (stage) values and, along the top of the figure, the MCCA1 site monitored hourly maximum 5-
minute rainfall data. The simulated and recorded ponding values match well. Due to the relatively large
bioretention surface bottom area compared to the contributing roof drainage area there is very little
surface ponding, even during major storm events.
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Figure MCCA1-3. MCCAL1 Hourly Soil Layer Well Point Elevations

Figure MCCA1-3 shows the simulated (red) and recorded (blue) hourly maximum 5-minute soil layer well
point elevations (stage) values and, along the top of the figure, the MCCA1 site monitored hourly
maximum 5-minute rainfall data. The simulated and recorded ponding values match well for the major
events. The simulated values for the smaller events show more fluctuation than the recorded well point
data and longer recession periods. This may be due to raised groundwater levels in winter and spring
months (groundwater mounding) affecting the recorded data.
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The MCCAZ2 bioretention site is located in Mill Creek, Snohomish County, Washington. The drainage
area to MCCA2 consists of 0.0184 acres of roof on a steep slope (>15%) plus 5400 square feet (0.124
acres) of adjacent permeable pavement (see below for explanation).

The MCCAZ2 surface bottom footprint is 286 square feet. This equals 5% of the tributary drainage area
to MCCA2.

MCCA2 was designed to have a surface outlet at 0.4 feet above the surface bottom. This designed (and
constructed) outlet was via a pipe to the gravel under layer of the adjacent permeable pavement
parking lot. However, monitored ponding data indicates that this outlet to the parking lot actually acts
as an inlet from the gravel layer of the permeable pavement to MCCA2.

A native soil infiltration rate of 2 inches per hour together with a bioretention top soil layer of ASTM1
soil and a second soil layer of ASTM12 soil best reproduced the monitored soil moisture and surface
ponding conditions.

Figure MCCA2-1 shows the simulated (red) and recorded (blue) daily inflow volumes and, along the top
of the figure, the MCCA2 site monitored daily rainfall data. The simulated and recorded daily inflow
volumes do not match because the recorded inflow volumes do not include the inflow from the
permeable pavement.
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Figure MCCA2-1. MCCA2 Daily Inflow Volumes
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Figure MCCA2-2. MCCA2 Hourly Surface Ponding Depths




Figure MCCA2-2 shows the simulated (red) and recorded (blue) hourly maximum 5-minute surface
ponding (stage) values and, along the top of the figure, the MCCA2 site monitored hourly maximum 5-
minute rainfall data. The simulated and recorded ponding values match well with the inclusion of the
inflow from the permeable pavement. Without the permeable pavement inflow MCCA2 would have
similar minimal ponding depths to what was monitored in MCCA1.

To confirm that the monitored roof runoff inflow to MCCA2 is insufficient to provide enough water to
produce ponding a hand calculation outside of WWHM2012 was made to compare the inflow volume
with the ponding volume for the first major storm event in October 2016. The total rainfall volume on
the portion of the roof that drains to MCCA2 plus the rainfall volume falling directly on the bioretention
surface area was calculated and found to be smaller than the monitored pond volume in MCCA2. The
extra water must come from somewhere and a thorough site investigation concluded that the only
realistic source of this additional water must be from the gravel layer under the permeable pavement in
the parking lot. When the permeable pavement was added to the WWHM MCCA2 bioretention model
the simulated and recorded pond depths matched well, except for winter periods (January and February
2017) where snow and freezing conditions affected the recorded values.
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Figure MCCA2-3. MCCA2 Hourly Soil Layer Well Point Elevations

Figure MCCA2-3 shows the simulated (red) and recorded (blue) hourly maximum 5-minute soil layer well
point elevations (stage) values and, along the top of the figure, the MCCAZ2 site monitored hourly
maximum 5-minute rainfall data. The simulated and recorded ponding values match well for the major
events. The simulated values for the smaller events show more fluctuation than the recorded well point
data. This may be due to raised groundwater levels in winter and spring months (groundwater
mounding) affecting the recorded data.
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The ORLA1 bioretention site is located in Olympia, Thurston County, Washington. The drainage area to
ORLA1 consists of 0.40 acres of roof on a flat slope (0-5%).

The ORLA1 surface bottom footprint is 2100 square feet. This equals 12% of the tributary drainage area
to ORLA1.

ORLA1 has a surface outlet at 0.67 feet above the surface bottom. ORLA1 also has an underdrain. The
underdrain is set at the bottom of the bioretention soil layer. Most of the inflow to ORLA1 is infiltrated
into the native soil beneath the bioretention soil layers. The underdrain is connected to a gravel trench
so all of the inflow infiltrates into the native soil either through the bottom of the bioretention facility or
through the underdrain gravel trench.

A native soil infiltration rate of 23 inches per hour together with a bioretention top soil layer of ASTM2
soil and a second soil layer of ASTM24 soil best reproduced the monitored soil moisture and surface
ponding conditions.

Figure ORLA1-1 shows the simulated (red) and recorded (blue) daily inflow volumes and, along the top
of the figure, the ORLA1 site monitored daily rainfall data. The simulated daily inflow volumes are
consistently higher than the recorded data in the early months of October and November 2017, but
then tend to match well for the later months starting in January. There is no obvious reason for the
seasonal difference in inflow volumes.
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Figure ORLA1-1. ORLA1 Daily Inflow Volumes
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Figure ORLA1-2. ORLA1 Hourly Surface Ponding Depths




Figure ORLA1-2 shows the simulated (red) and recorded (blue) hourly maximum 5-minute surface
ponding (stage) values and, along the top of the figure, the ORLA1 site monitored hourly maximum 5-
minute rainfall data. The simulated and recorded ponding values show mixed results. Most of the time
there is very little surface ponding. This is due to the relatively large bioretention surface bottom area
compared to the contributing roof drainage area. However, there are some large storm events in
October 2016 and May 2017 that produce high simulated runoff and corresponding high ponding
depths, but neither are seen in the recorded data. The monitored rainfall data were compared with
surrounding county rain gages and appear to be correct, but there is no obvious reason for the
discrepancy between the monitored rainfall data and the inflow (and ponding) data.
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Figure ORLA1-3. ORLA1 Hourly Soil Layer Well Point Elevations

Figure ORLA1-3 shows the simulated (red) and recorded (blue) hourly maximum 5-minute soil layer well
point elevations (stage) values and, along the top of the figure, the ORLA1 site monitored hourly
maximum 5-minute rainfall data. The simulated values show more fluctuation than the recorded well
point data. This may be due to raised groundwater levels in winter and spring months (groundwater
mounding) affecting the recorded data.
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The ORLA2 bioretention site is located in Olympia, Thurston County, Washington. The drainage area to
ORLAZ2 consists of 0.338 acres of roof on a flat slope (0-5%).

The ORLA2 surface bottom footprint is 1924 square feet. This equals 13% of the tributary drainage area
to ORLA2.

ORLA2 has a surface outlet at 0.52 feet above the surface bottom. ORLA2 also has an underdrain. The
underdrain is set at 59 inches above the bottom of the bioretention soil layer. Most of the inflow to
ORLA2 is infiltrated into the native soil beneath the bioretention soil layers. The underdrain is
connected to a gravel trench so all of the inflow infiltrates into the native soil either through the bottom
of the bioretention facility or through the underdrain gravel trench.

A native soil infiltration rate of 4 inches per hour together with a bioretention top soil layer of ASTM2
soil and a second soil layer of ASTM24 soil best reproduced the monitored soil moisture and surface
ponding conditions.

Figure ORLA2-1 shows the simulated (red) and recorded (blue) daily inflow volumes and, along the top
of the figure, the ORLA2 site monitored daily rainfall data. The simulated daily inflow volumes are
consistently higher than the recorded data for most of the monitored period. The recorded data is from
monitored roof runoff via downspouts to ORLA2. There is no obvious reason for the difference in inflow
volumes.
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Figure ORLA2-1. ORLA2 Daily Inflow Volumes
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Figure ORLA2-2. ORLA1 Hourly Surface Ponding Depths




Figure ORLA2-2 shows the simulated (red) and recorded (blue) hourly maximum 5-minute surface
ponding (stage) values and, along the top of the figure, the ORLA2 site monitored hourly maximum 5-
minute rainfall data. The simulated and recorded ponding values show low simulated ponding depths
compared to the recorded depths. That said, most of the time there is very little surface ponding. This
is due to the relatively large bioretention surface bottom area compared to the contributing roof
drainage area. However, there are some large storm events in October 2016 and May 2017 that
produce high recorded ponding depths not reproduced by the simulated results (this is the opposite of
what was seen in ORLA1).
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Figure ORLA2-3. ORLA2 Hourly Soil Layer Well Point Elevations

Figure ORLA2-3 shows the simulated (red) and recorded (blue) hourly maximum 5-minute soil layer well
point elevations (stage) values and, along the top of the figure, the ORLA2 site monitored hourly
maximum 5-minute rainfall data. The simulated values match well with the recorded well point data,
even though the ponding depths do not show a good match.
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The NOLL bioretention site is located in Poulsbo, Kitsap County, Washington. The drainage area to NOLL
consists of 0.288 acres of NRCS Type C soil, lawn vegetation, on a flat slope (0-5%), 0.36 acres of roads
on a flat slope (0-5%), and 0.041 acres of sidewalk on a flat slope (0-5%).

The NOLL surface bottom footprint is 520 square feet. This equals 2% of the tributary drainage area to
NOLL.

NOLL has a surface outlet at 1.13 feet above the surface bottom. NOLL also has an underdrain. The
underdrain is set at the bottom of the bioretention soil layer. Most of the inflow to NOLL is discharged
through the underdrain. The underdrain is connected to a stormwater surface conveyance system.

A native soil infiltration rate of 0.01 inches per hour together with a bioretention top soil layer of
ASTMG60 soil and a second soil layer of gravel best reproduced the monitored soil moisture and surface
ponding conditions.

Figure NOLL-1 shows the simulated (red) and recorded (blue) daily inflow volumes and, along the top of
the figure, the NOLL site monitored daily rainfall data. The simulated and recorded daily inflow volumes
match well, except for December 2016 where snow and freezing conditions affected the recorded
values.
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Figure NOLL-1. NOLL Daily Inflow Volumes
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Figure NOLL-2. NOLL Hourly Surface Ponding Depths




Figure NOLL-2 shows the simulated (red) and recorded (blue) hourly maximum 5-minute surface
ponding (stage) values and, along the top of the figure, the NOLL site monitored hourly maximum 5-
minute rainfall data. The simulated and recorded ponding values are mixed. The higher/larger ponding
depths match well, but the simulated depths for the smaller events do not show as much of a response
as the monitored data.
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Figure NOLL-3. NOLL Hourly Soil Layer Well Point Elevations

Figure NOLL-3 shows the simulated (red) and recorded (blue) hourly maximum 5-minute soil layer well
point elevations (stage) values and, along the top of the figure, the NOLL site monitored hourly
maximum 5-minute rainfall data. The simulated values show more fluctuation than the recorded well
point data. This may be due to the underdrain’s drainage of water from the soil layers.

Figure NOLL-4 shows the simulated (red) and recorded (blue) daily underdrain discharge volumes and,
along the top of the figure, the NOLL site monitored daily rainfall data. The simulated daily underdrain
discharges volumes are consistently higher than the recorded volumes.

Figure NOLL-5 shows that the simulated (blue) daily inflow volumes and the simulated (red) daily
underdrain discharge (outflow) volumes are nearly identical (note that the inflow volume does not
include rain on NOLL bioretention site). This shows that all or nearly all of the inflow is discharged via
the underdrain. These results are consistent and expected.

The recorded (monitored) underdrain outlet flows do not show this consistency with the inflow
volumes.
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Figure NOLL-4. NOLL Daily Underdrain Discharge Volumes
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Figure NOLL-5. NOLL Daily Simulated Inflow and Underdrain Discharge Volumes




SLPI: Spanaway, Pierce County
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The SLPI bioretention site is located in Spanaway, Pierce County, Washington. The drainage area to SLPI
consists of 0.429 acres of road on a flat slope (0-5%).

The SLPI surface bottom footprint is 792 square feet. This equals 4% of the tributary drainage area to
SLPI.

SLPI has no surface outlet control structure but overtops the site at 1.0 feet above the surface bottom.
All of the inflow to SLPI is infiltrated into the native soil beneath the bioretention soil layers.

A native soil infiltration rate of 40 inches per hour together with a bioretention top soil layer of ASTM2
soil, a second soil layer of ASTM50 soil, and a third soil layer of gravel best reproduced the monitored
soil moisture and surface ponding conditions. The top ASTM layer of 0.3 feet represents leaf litter. This
was added to reproduce monitored surface ponding depths.

Figure SLPI-1 shows the simulated (red) and recorded (blue) daily inflow volumes and, along the top of
the figure, the SLPI site monitored daily rainfall data. The simulated and recorded daily inflow volumes
are mixed. Winter periods (November 2016 through February 2017) show major differences where
snow and freezing conditions affected the recorded values. The simulated daily inflow volumes are also
low in the spring, during the drier months.
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Figure SLPI-2. SLPI Hourly Surface Ponding Depths




Figure SLPI-2 shows the simulated (red) and recorded (blue) hourly maximum 5-minute surface ponding
(stage) values and, along the top of the figure, the SLPI site monitored hourly maximum 5-minute rainfall
data. The simulated and recorded ponding values are mixed. The higher/larger ponding depths match
well, but the simulated depths for the smaller events do not show as much of a response as the
monitored data.
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Figure SLPI-3. SLPI Hourly Soil Layer Well Point Elevations

Figure SLPI-3 shows the simulated (red) and recorded (blue) hourly maximum 5-minute soil layer well
point elevations (stage) values and, along the top of the figure, the SLPI site monitored hourly maximum
5-minute rainfall data. The simulated values show more fluctuation than the recorded well point data.
This may be due to the high native soil infiltration rate and drainage of water from the soil layers.
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The SLPJ bioretention site is located in Spanaway, Pierce County, Washington. The drainage area to SLPI
consists of 0.618 acres of road on a flat slope (0-5%).

The SLPJ surface bottom footprint is 1008 square feet. This equals 4% of the tributary drainage area to
SLPJ.

SLPJ has a surface outlet control structure that overtops at 0.6 feet above the surface bottom. All of the
inflow to SLPJ is infiltrated into the native soil beneath the bioretention soil layers.

A native soil infiltration rate of 60 inches per hour together with a bioretention top soil layer of ASTM2
soil, a second soil layer of ASTMG60 soil, and a third soil layer of gravel best reproduced the monitored
soil moisture and surface ponding conditions. The top ASTM layer of 0.3 feet represents leaf litter. This
was added to reproduce monitored surface ponding depths.

Figure SLPJ-1 shows the simulated (red) and recorded (blue) daily inflow volumes and, along the top of
the figure, the SLPJ site monitored daily rainfall data. The simulated daily inflow volumes are
consistently lower than the recorded volumes although there are good matches in both the early fall
(October 2017) and late spring (May-June 2017).
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Figure SLPJ-1. SLPI Daily Inflow Volumes
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Figure SLPJ-2. SLPJ Hourly Surface Ponding Depths




Figure SLPJ-2 shows the simulated (red) and recorded (blue) hourly maximum 5-minute surface ponding
(stage) values and, along the top of the figure, the SLPJ site monitored hourly maximum 5-minute
rainfall data. The simulated and recorded ponding values are mixed. The higher/larger ponding depths
match well, but the simulated depths for the smaller events do not show as much of a response as the
monitored data.
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Figure SLPJ-3. SLPJ Hourly Soil Layer Well Point Elevations

Figure SLPJ-3 shows the simulated (red) and recorded (blue) hourly maximum 5-minute soil layer well
point elevations (stage) values and, along the top of the figure, the SLPJ site monitored hourly maximum
5-minute rainfall data. The simulated values show more fluctuation than the recorded well point data.
This may be due to the high native soil infiltration rate and drainage of water from the soil layers.




Summary

In general, the WWHMZ2012 models of the ten bioretention sites reproduced the monitored
bioretention hydrologic performance data with good results when viewing the graphical trends. Good
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.

Based on all of the above modeling results it appears that there are two major model inputs that may be
influencing the results. The vegetative litter cover noted in the two Spanaway sites may be reducing the
infiltration of the ponded water into the bioretention soil mix. Except for SLPI and SLPJ this vegetative
litter cover was not explicitly modeled.

The other major model input that may be influencing the results is the evapotranspiration (ET) from the
bioretention soil mix. It is set in WWHM2012 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 bioretention soil mix layer.

The complete set of WWHM2012 models for the ten sites has been provided to the Department of
Ecology.
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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: Curtis J. Koger, L.G., L.E.G., L.Hg.

Bioretention Hydrologic
Performance Study

Attn: Doug Beyerlein, P.E. Project No: KH150387A

Project Name:

Deliverable 4.5, Site B145, Geotechnical/Soils Assessment Design Data and Current Conditions,

Subject: . .
4ol 145™ Place SE and SE 22" Street Roadway Improvement Project, Bellevue, Washington

1.0 INTRODUCTION

This technical memorandum documents existing shallow soil and ground water conditions in Rain
Garden #1 of the 145" Place SE and SE 22" Street Roadway Improvement Project, located in the
City of Bellevue, Washington (Figure B145 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 ground water 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 ground water conditions integrates the observations
made during the geotechnical assessment which included site visits on July 6 and July 22, 2016,
infiltration testing on August 30 and September 1, 2016, and background geotechnical information.

This technical memorandum has been prepared for the exclusive use of Clear Creek Solutions and
the City of Bellingham 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 e Kirkland, WA 98033 e P | 425 827-7701 ¢ F | 425 827-5424
2911 1/2 Hewitt Avenue, Suite 2  Everett, WA 98201 ¢ P | 425 259-0522 « F | 425 827-5424
1552 Commerce Street Suite 102 » Tacoma, WA 98402 P | 253 722-2992 ¢ F | 253 722-2993
WWW.aesgeo.com
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2.0 PURPOSE AND SCOPE

The purpose of our work was to perform a shallow soil and ground water 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 and into the underlying
material, extending one hand auger deeper into the subgrade for installation of a well
point.

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

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

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

e Conduct infiltration testing.

e Preparation of descriptive exploration logs for each exploration.

e Preparation of this summary document.

Topography of the site and surrounding area is shown on Figure B145 F2, “LiDAR-Based
Topography.” Existing facility features and the locations of hand-auger boreholes completed for
this study are shown on Figure B145 F3, “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 ground water 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 City of Bellevue 145% Place SE and SE 22"? Street Roadway Improvement
Project as shown on the attached “Vicinity Map” (Figure B145 F1). The project is the City’s first
major demonstration of the use of Natural Drainage Practices (NDPs) in the public right-of-way. No

October 25, 2016
Project No: KH150387A Page 2
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natural surface water features are present in the immediate vicinity. Per the Washington State
Source Water Assessment Program Mapping Application, no water supply wells are located within
0.5 miles of the site. LiDAR topography and other near-site vicinity features are illustrated on
Figure B145 F2, “LiDAR-Based Topography.”

Our specific area of study for this project includes the bioretention facility located on the west side
of 145™ Place SE, between the intersections with SE 22" Street and SE 24 Street. This cell is
referred to as Rain Garden #1 on the plan sheets and is referred to as cell B145 for this study. The
shape of cell B145 is a long narrow rectangle with the long sides bordered by a sidewalk and 145t
Place SE on the east and the base of a rock wall on the west. The north and south ends are
bordered by landscape beds. The attached “Facility and Exploration Plan” (Figure B145 F3)
illustrates the cell area and some of the surrounding site features and utilities.

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

e Geotechnical Engineering Report, Bellevue 145%™ Place SE, SE 22" Street, and SE 22" Place,
Bellevue, Washington, AMEC Earth and Environmental, Inc., November 24 2008, prepared
for Skillings Connolly.

e Hydraulic Report Supplement, 145™ Place SE and SE 22" Street Roadway Improvement
Project, Herrera Environmental Consultants, August 26, 2010, prepared for City of Bellevue
Transportation Department.

e Site Plans titled 145 PL SE — SE 16 ST TO SE 24 ST, SE 22 ST — 145 PL SE to 156 AVE SE
Roadway Improvements, March 7, 2011, prepared by City of Bellevue Transportation
Department.

3.1 Summary of Facility Design

From our review of these documents, the bioretention facility design for Rain Garden #1 (cell B145)
consists of approximately a long rectangular bioretention cell with approximately 350 square feet
of base area, as shown on Figure B145 F3, “Facility and Exploration Plan.” We understand that the
cell was sized per Chapter 24.06 of the Bellevue Storm and Surface Water Utility Code (amended
December 2003) and the 2008 City of Bellevue Surface Water Engineering Standards, and modeled
using WWHM3 Pro based on a developed condition basin of 0.52 acres. Land use within the
drainage basin is primarily roadway and grass lawn. Per Plan Sheet 12 (City of Bellevue
Transportation Department, March 2011), the facility design includes 3 inches of compost overlying
24 inches of bioretention soil mix overlying native soil. The portion of the cell near base of the rock
wall is underlain by compacted crushed rock. The facility is designed to infiltrate 99 percent of
inflow into the subgrade. Stormwater enters the facility through a 12-inch ductile iron pipe on the
south end. Overflow from the cell would discharge into a Type | Catch Basin with a beehive grate
located at the north end of the cell, and into the City storm drainage pipe system. The rim of the
Type | Catch Basin was designed to be 6 inches higher than the cell base to create 6 inches of
ponding depth. An observation port is indicated along the east side of the cell, near the northern
end. Per Plan Sheet 11, this observation port consists of a PVC pipe which penetrates vertically to
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the base of the raingarden, and then extends horizontally across the base of the raingarden
subsurface, with a screen present across the base of the raingarden. The facility was constructed in
December 2011 and began receiving runoff that month (Email communication, Tom Kuykendall,
City of Bellevue, August 23, 2016).

4.0 SITE OBSERVATIONS

During AESI’s site visits, we made notes regarding the physical construction of the bioretention cell
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 facilities on
Figure B125 F3, “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
south rim of a nearby manhole (identified as point S-1 on the “B145 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: The inflow pipe to the facility is 12-inch pipe consistent with project plans, which
discharges onto an approximately 0.5-foot splash pad consisting of rounded rock. No
evidence of erosion was noted. AESI observed deposition of up to approximately 0.1 feet of
leaf litter and organic debris, and no obvious erosion.

e Overflow: The overflow consists of a Type | Catch Basin, which was a square structure with
a beehive grate. The rim of this grate was approximately 0.3 to 0.4 feet above the base of
the facility. Water was observed in the sump approximately 0.15 feet below the lip of the
outlet pipe at the time of our site visit.

e Observation port: The observation port was in place as indicated on Plan Sheet 11. It
consists of a 6-inch PVC pipe, set within a metal manhole structure. The total depth is
approximately 4.6 feet, and the base consists of a 90-degree elbow, which we understand
as connecting to a horizontal screen as indicated on the plan.

e Piezometer: An existing piezometer was in place near the overflow structure. This
consisted of a 2-inch-diameter PVC pipe, with a total length of approximately 5.3 feetand a
stick up above ground surface of 3.9 feet, such that the base of the piezometer is
approximately 1.4 feet below ground surface.
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e AESI investigated the loose bioretention soil thickness present in cell B145 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 5- to 10-foot grid on the facility base.
Penetration of the T-probe generally ranged from approximately 0.7 feet to 2.2 feet, and
averaged 1.1 feet. Probe depths were consistently deeper on the rockery side of the cell,
on the order of 0.5 feet, indicating that the soil adjacent to the rockery was significantly
looser than soil on the sidewalk side of the cell. Probe penetration data is included in
Appendix D to this document.

Table 1
Cell B145
Summary of Level Survey Data

Elevation
Location (feet, project datum)
(S-1) Manhole, south rim 100
Overflow rim, NE corner 98.90
Existing 2-inch PVC piezometer, top of casing 102.51
Existing observation port, top of casing 100.15
Well point, top of casing 100.31
Survey points in base of cell Onsite plan in Appendix D
to this document

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 ground water studies. Our sources of information included the following.

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

e Associated Earth Sciences, Inc., Bellevue 4-lot Short Plat, Subsurface Exploration and
Geotechnical Engineering Report, 2205 145 Place Southeast, Bellevue, Washington, 1989.

e Troost, K.G., Geologic Map of Bellevue, Washington, Pacific Center for Geologic Mapping
Studies, 1/1/2012.

e Natural Resources Conservation Service, 2016, Web Soil Survey, United States Department
of Agriculture, http://websoilsurvey.nrcs.usda.gov/, accessed September 2016.

e Soil Survey of King County area, Washington, United States Department of Agriculture,
Natural Resource Conservation Service (NRCS), in cooperation with Washington Agricultural
Experiment Station, 1973.

e Liesch, Bruce A,, Price, Charles E., and Walters, Kenneth L., 1963, Geology and Ground-
water Resources of Northwestern King County, Washington, Washington State Division of
Water Resources, Water Supply Bulletin 20.
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5.1 Regional Topography and Project Grading

The project site is situated on a localized upland elongated in the north-south direction, as shown
on Figure B145 F2, “LiDAR-Based Topography.” The upland slopes down gradually to the north,
extends south to about Interstate 90, and is bordered to the west by the Richards Creek valley, and
to the east by the Larsen and Phantom Lakes valley. No surface water features are mapped
relatively close to the project.

On a closer scale, the site occupies the northeastern flank of a low ridge, and drains northward,
eventually draining to Richards Creek. The ground surface descends gradually to the north in the
vicinity of the site. Prior to bioretention cell construction, the site existing condition consisted
partially of paved 145% Place SE right-of-way and partially of sloped vegetated area. Rockery
construction and minor cuts of varying depth, typically on the order of 3 to 7 feet, were necessary
to achieve bioretention cell dimensions and subgrade, based on a review of existing topography
compared with built topography.

5.2 Regional Geology and Background Geotechnical Information

According to the 2012 Geologic Map of Bellevue (Troost), the site vicinity is underlain by Vashon
lodgement till. Vashon advance outwash is mapped at the ground surface west of the site. Vashon
lodgement till typically has a highly variable thickness, and is underlain by Vashon advance
outwash.

e Vashon Lodgement Till (Qvt): The Vashon lodgement till is typically composed of a hard
gray mixture of clay, silt, sand and gravel, of variable thickness. This unit was deposited at
the base of the advancing Vashon-age glacier, during the Vashon Stade of the Fraser
Glaciation. Subsequently, this material was overrun by thousands of feet of ice, which has
resulted in a material with high-strength, low-compressibility, and low-permeability
characteristics.

e Advance Outwash (Qva): This unit was deposited by streams flowing from the glacier as it
advanced. This unit typically consists of stratified sands and gravels. Advance outwash was
subsequently overridden by the Vashon ice sheet, resulting in a high degree of compaction.

However, due to deposition by flowing water, the material typically contains few fines,
resulting in moderate permeability characteristics.

No explorations were conducted in the proposed cell B145 footprint. Two sets of background
geotechnical data exist near cell B145; one set (AMEC Earth and Environmental, Inc. [AMEC], 2008)
was conducted as part of the City of Bellevue 145" Place SE and SE 22" Street Roadway
Improvement Project and the other set (AESI, 1989) was conducted as part of site geotechnical
work for the adjacent residential development.

Three explorations (B-01, B-02, and HB-02) were conducted south of the proposed footprint of
cell B145 and were contained in Appendix A of the AMEC geotechnical report. The explorations

October 25, 2016
Project No: KH150387A Page 6



Site B145 Associated Earth Sciences, Inc.
Bioretention Hydrologic Performance Study Technical Memorandum

reached depths of 10.8, 11, and 2 feet, respectively, and describe gray to brown, dense to very
dense silty fine to medium sand with trace to some gravel, interpreted by AMEC as glacial till.

Four explorations (EP-4 to EP-7) were conducted north of the proposed footprint of cell B145 as
part of the adjacent residential development (AESI, 1989). The explorations reached depths of
10 to 12 feet, and describe brown becoming gray with depth, poorly bedded in some areas, gravelly
fine to coarse sand with occasional cobbles, and became less coarse with depth, interpreted by
AESI as Vashon advance outwash.

5.3 Regional Soils and Soil Data Used in Site Stormwater Model

AESI reviewed the Soil Survey of King County Area, Washington (NRCS, 1973) and soils mapping
from the NRCS web portal (NRCS, 2016). 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 type soils. Alderwood soils are formed from
the weathering of glacial till. NRCS describes the permeability in the undisturbed upper 27 inches
of the Alderwood soil as ranging from 2.0 to 6.3 inches per hour (in/hr). However, in developing
areas, this upper soil is typically removed or compacted. The lower portion of the soil profile has a
low permeability, less than 0.06 in/hr at depth (NRCS, 1973). This is a key limitation for shallow
infiltration and can be easily misinterpreted. The very low infiltration rate reflects the permeability
of the glacial till “parent” material. These soils commonly become saturated during the winter and
typically contain shallow ground water referred to as interflow.

As described in the “Hydraulic Report Supplement” (Herrera Environmental Consultants, 2010), the
existing condition was modeled as Type C soils, consistent with mapped soil and background
geotechnical data.

5.4 Regional Hydrogeology and Background Ground Water Data

Descriptions of regional hydrogeology are contained in reports prepared by the Washington State
Division of Water Resources titled Geology and Ground-Water Resources of Northwestern King
County, Washington, Water Supply Bulletin 20, by Bruce A. Liesch, Charles E. Price, and Kenneth L.
Walters (Liesch et al., 1963).

Vashon-age lodgement till is exposed at ground surface across much of the city. Where the
lodgement till underlies the Vashon-age recessional outwash deposits, it forms an aquitard to
ground water flow. The lodgement till is comprised of very dense, glacially compacted silty sand
with varying amounts of gravel. The high silt content and high density impedes the movement of
ground water in the lodgement till. The lodgement till has been eroded by streams and rivers in
some areas exposing the underlying Vashon-age advance outwash, creating potential “windows” of
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recharge to deeper aquifers. The Vashon-age advance outwash is interpreted to contain an aquifer
at depth beneath the site.

Previous explorations in the vicinity of the facility by AMEC (2008) and AESI (1989) did not
encounter ground water.

6.0 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. One hand-auger boring was performed in the facility bottom and advanced through the
bioretention soil and into the underlying subgrade. Additional hand-auger borings were completed
to the base of the bioretention soil. 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, each borehole
was immediately backfilled with the excavated material.

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 ground water 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 B145 F3, "Facility and Exploration Plan." 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 the raingarden were completed on July 6 and July 22, 2016. No rain was
observed during this time, and no flow was observed from the inlet pipe.

Hand-auger boring number 1 and 2 (B145-HA-1 and B145-HA-2) encountered approximately
2.5 feet and 2.3 feet, respectively, of bioretention soil, overlying material interpreted as Vashon
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advance outwash to a total depth of 3.2 feet and 3 feet, respectively. No seepage or caving were
observed.

Hand-auger boring number 3 (B145-HA-3) was completed near the center of the cell. B145-HA-3
encountered approximately 2.3 feet of bioretention soil, overlying material interpreted as Vashon
advance outwash, to a total depth of 4.3 feet. No seepage or caving were observed. AESI installed
a well point in this location.

In each hand auger, the loose thickness of bioretention soil was less than the observed thickness of
bioretention soil, indicating that the lower portion of the bioretention soil was compacted, likely
during construction.

6.2 Well Points

A well point was installed in HA-3. Key dimensions of this well point, as well as dimensions of
existing structures are provided in Table 2, below.

Table 2
Summary of Cell B145
Well Point and Other Existing Monitoring Point Dimensions

Total Depth
Exploration in Inside Casing
which WP was | Total Length of Interior Stickup Height Below Ground
Well Point installed Casing (feet) Diameter (feet) Surface
B145-WP B145-HA-3 6.3 1.25-inch 1.8 4.5
nominal
B145 Existing Existing 4.6 6-inch ~0* 4.6
observation port
B145 Existing Existing 5.3 2-inch 3.9 1.4
piezometer

*The observation port is a pipe with a 90-degree elbow. The access port top of casing is situated outside of cell base but the
slotted pipe extends beneath the bioretention soil.

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. Two samples of bioretention
soil were 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 Washington State Department of Ecology (Ecology) 2014 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.
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Table 3
Summary of Cell B145
Organic Content and Grain-Size Data

Organic Fines
Content Content (%
Exploration | Depth (% by USCS Soail passing USDA Soil
Number (feet) Soil Type weight) Description #200) Cu Cc Texture*
B145-HA-2 | 0.2-0.5 | Bioretention 3.5 SAND, trace silt, 0.4% 3.7 1.1 Sand
Soil trace gravel (SP)
B145-HA-3 | 0.6-0.9 | Bioretention 4.2 SAND, trace silt, 0.4% 4.4 1.0 Sand
Soil trace gravel (SP)
B145-HA-3 | 2.4-2.9 Vashon Not Gravelly SAND, 5% 6.0 | 1.2 Sand
advance tested some silt (SW-SM)
outwash

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).

The organic content of the tested bioretention soils ranged between 3.5 and 4.2 percent by weight.
This is below 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 silt and trace gravel based on ASTM D2487 USCS. The
respective fines content as measured on the No. 200 sieve was approximately 0.4 percent for both
samples sieved, less than the recommend range of 2 to 5 percent. The coefficient of uniformity
ranged from 3.6 to 4.4, less than or in the low range of the recommended value of equal to or
greater than 4. The coefficient of curvature ranged from 1.0 to 1.1, on the low end of the
recommended range of greater than or equal to 1 and less than or equal to 3. The soil mix
generally did not meet (contained less than) the recommended range of fine sand and silt fractions.
The tested bioretention soil was predominantly medium-grained sand.

7.2 Subgrade

In cell B145, a sample of native glacial advance outwash was sieved. The tested material correlates
to a gravelly SAND with 5 percent by weight of the material passing the No. 200 sieve

The grain-size distribution data were also transformed to describe the U.S. Department of
Agriculture 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
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100 percent of the sample. The fines were assessed relative to the No. 270 sieve. The respective
U.S. Department of Agriculture fines content as measured on the No. 270 sieve after adjusting to
remove the weight retained on the No. 10 sieve was 6 percent for the native glacial advance
outwash material.

Table 4
General Guidelines for

Bioretention Soil Mix (2014 Ecology Manual)
Compared to Averaged Cell B145 Site Data

Parameter Recommended Range Cell B145
Organic Content (by weight) 5 to 8 percent 3.9 percent by weight
Cu coefficient of uniformity 4 or greater 3.9
Cc coefficient of curvature 1to3 1.1
Sieve Size Percent Passing
3/8” (9.51 mm) 100 100
#4 (4.76 mm) 95 to 100 98
#10 (2.0 mm) 75 to 90 78
#40 (0.42 mm) 25to 40 15
#100 (0.15 mm) 41010 1.7
#200 (0.074 mm) 2to5 0.4

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

8.0 INFILTRATION TESTING
8.1 General Infiltration Test Method

Because of the limited flow rate possible with the on-site water source, we performed two
infiltration tests in the B145 raingarden facility: Infiltration Test 1 (IT-1) near the overflow, and
Infiltration Test 2 (IT-2) near the inflow.

The infiltration tests were conducted in general accordance with the 2014 Ecology Manual. Each
test was conducted by discharging water into the facility for a “soaking period,” to allow the
receptor soils to become saturated. After completion of the soaking period, water was discharged
into the cell at a rate sufficient to maintain a relatively constant head. This constitutes the
“constant head” phase of infiltration testing. For the infiltration tests in the B145 raingarden, the
soaking period and the constant head phase were both conducted at the maximum possible flow
rate using the available on-site water source. 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 irrigation system with a 1.25-inch quick-connect
valve, and conveyed to the test area with 2-inch lay-flat and non-collapse hose. During infiltration
testing, the water was conveyed into the bioretention cell via a digital flow meter with gallons per
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minute (gpm) and total gallon readouts, and discharged through a flow diffuser onto the base of
the facility. Water levels were monitored using a temporary metal staff gauge marked in 0.02-foot
increments which was installed for the duration of the test adjacent to the well point (SG-1), a
second temporary metal staff gauge marked in 0.01-foot increments installed near the test IT-2
discharge (SG-2), within the well point B145 WP and within the existing observation port and
piezometer with a digital water level tape, and with digital pressure transducers. The overflow
structure was observed periodically during testing. 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.

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

8.2 Infiltration Test IT-1 in Cell B145

AESI| performed IT-1 near the northern end of cell B145, in the vicinity of the overflow structure, on
August 30, 2016. During IT-1, light rain was noted near the conclusion of testing, and flow from the
inflow at the southern end of the facility was noted for a period of approximately 30 minutes,
which wet an approximately 2-square-foot area near the inflow, on the opposite end of the facility
from the infiltration test. This inflow is interpreted as having no impact on infiltration test IT-1.

Flow was maintained at approximately 20 gpm (the maximum flow off of the water source) for
approximately 7.5 hours, during which the water level in the facility rose slowly to 0.14 feet as
measured on the temporary staff gauge (SG-1), and wetted an area of approximately 44 square
feet. AESI observed that this wetted area generally consisted of a pool on the northern end of the
facility, around the overflow structure. Approximately 9,000 gallons of water were used. No water
flowed into the overflow structure.

After about 7.5 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 1.5
minutes.

No water was observed in well point B145 WP, the existing observation port, or existing piezometer
during IT-1.

8.3 Infiltration Test IT-2 in Cell B145

AESI| performed IT-2 near the southern end of cell B145, in the vicinity of the inflow pipe, on
September 1, 2016. During IT-2 heavy rain was noted at the conclusion of testing, and flow from
the inflow discharged into the wetted area from the infiltration test. Due to this inflow, no falling
head test could be conducted as part of IT-2.

Flow was maintained at approximately 24 gpm (the maximum flow off of the water source) for
approximately 7.5 hours, during which the water level in the facility rose slowly to 0.08 feet as
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measured on the temporary staff gauge (5G-2), and wetted an area of approximately 124 square
feet. AESI observed that this wetted area consisted of a strip generally covering the width of the
base of the facility, starting near the facility inflow at the southern end and continuing north by for
approximately 22 feet. Approximately 11,000 gallons of water were used.

During IT-2, water was observed in well point B145 WP and the observation port. The water level
response in well point B145 WP lagged by about 2.7 hours, appearing after 160 minutes after
inflow began based on data logger readings. The water level rose to about approximately 2.5 feet
below ground surface. The water level response in the observation port lagged by about 2.7 to
3 hours, measured at 180 minutes after inflow began based on hand readings. The water level rose
to about approximately 2.6 feet below ground surface within the cell (4.4 feet below the top of
casing observation port, which is an elbowed slotted 6-inch PVC casing installed below the base of
the bioretention soil). Based on a comparison of level survey elevations for the top of the well
point and the top of the observation port, the observed water level in the observation port was
approximately 0.3 feet lower than the observed water level in the well point. This may represent a
drop in the subsurface pool surface away from the inflow and surface wetted area. The
observation port’s screened interval is located approximately 10 feet farther to the north from well
point B145 WP, away from the surface wetted area.

After about 7.5 hours, rainfall occurred and flow through the inlet pipe began. AESI shut off the
test flow. Due to relatively intense rainfall and resulting inflow, the level of water in the cell did not
fall. Water level within well point B145 WP was monitored as it dropped by approximately 1.4 feet
over the course of approximately 1 hour.

Table 5
Cell B145
Infiltration Test Results

Surface Total Approximate Field Infiltration Rates
Area Discharge Volume Constant
Test No. and (square Time Discharged Head Level Constant Head Falling Head
Depth feet) (minutes) (gallons) (feet) Test (in/hr) Test (in/hr)
B145IT-1 44 455 8,929 0.14 43 50
(bioretention soil)
B145IT-1 Interpreted to be Assumed similar to bioretention
(subgrade) similar to wetted area soil rate; no water was observed
in B145 WP or observation port
B145 IT-2 124 450 10,703 0.07 18 Not measured
(bioretention soil)
B145 IT-2 At least twice wetted ~9
(subgrade) area Actual pooled area unknown

in/hr: inches per hour
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9.0 CONCLUSIONS AND RECOMMENDATIONS

Cell B145 site varied somewhat from the design shown on the civil plan sheets. Variationsincluded
the following:

e Bioretention soil

0 Thickness: The apparent thickness of loose bioretention soil based on soil probe
data varied, and was generally less than the 2 feet indicated on the plan. However,
all three hand-auger explorations encountered greater than 2 feet of bioretention
soil. AESI interprets that this discrepancy is due to the base layer of the
bioretention soil mix being compacted; therefore, the soil probe data does not
represent the full thickness of the bioretention soil. Probe depths were consistently
deeper on the rockery side of the cell, on the order of 0.5 feet, indicating that the
soil adjacent to the rockery was significantly looser than soil on the sidewalk side of
the cell.

0 Composition: The soil tested in B145 did not meet the recommended guidelines for
organic content and sand gradation, and did not meet the recommended fraction of
silt.

e The overflow is slightly different than plans in that the ponded water surface can only build
up to about 0.3 to 0.4 feet before the cell begins to overflow. Site design documents
indicate that the ponding level was designed as 0.5 feet.

e Subgrade conditions: The subgrade is interpreted to consist of Vashon advance outwash.
The subgrade conditions encountered contained less fines than what was described as
glacial till in the geotechnical report for the project (AMEC, 2008) and the gradation was
consistent with deeper strata encountered west of the cell in explorations for the adjacent
residential development, described as Vashon advance outwash.

e Review of existing and developed topography indicates that cuts on the order of 3 to 7 feet
were necessary to achieve bioretention cell dimensions and subgrade. This is consistent
with the presence of Vashon advance outwash in the cell base instead of weathered Vashon
lodgement till as described in the project documents. It is likely that the weathered till, if
present, was removed during grading of cell B145.

e Fieldinfiltration rates were measured at about 43 to 50 in/hr (IT-1) on the northern end of
cell B145 near the overflow, and 18 in/hr (IT-2) on the southern end of cell B145 near the
inflow.

e AESI interprets that lower infiltration rate in IT-2 near the inflow may be due to a
combination of factors, such as localized compaction of the bioretention soil, variations in
the native subsurface, differences in the amount of grading (cuts) removing surficial
weathered till soils, and the deposition of fines from the facility inflow to the surface of the
bioretention soil mix. In particular, the higher infiltration rate in IT-1 near the southern
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portion of the cell could be influenced (increased) by excavation for the overflow structure.
The overflow structure was installed deeper than the bioretention cell base, and would
have included additional excavation into potentially cleaner Vashon advance outwash
interpreted to be present at depth. Water that soaks through the bioretention soil could
encounter the backfill around the structure, allowing for preferential pathways vertically
into the subsurface.

e In both infiltration tests, water readily soaked through the bioretention soil mix. During
IT-1, on the northern end of the facility, no water was observed within the well point or the
observation port, indicating that water was continuing to soak vertically downward into the
native subgrade at a rate similar to the bioretention soil. During IT-2, after approximately
160 and 180 minutes, water was observed within the well point and observation port,
respectively, both of which were located downgradient from the wetted pool area. This
response demonstrates that water was accumulating on the underlying subgrade and
spreading laterally in the bioretention soil column during testing, indicating that the
subgrade in the vicinity of IT-2 has a lower permeability than the overlying bioretention soil.
The area of the subsurface pool is unknown but is at least twice that of the surface wetted
area.

e Shallow ground water was not encountered at the time of exploration or testing. Ground
water may mound up during the winter months. The ongoing monitoring data will be
reviewed during the coming months for ground water influence.

10.0 CLOSURE
We appreciate the opportunity to be of continued service to you on this project. Should you have

any questions regarding this letter-report or other geotechnical/hydrogeologic aspects of the
project, please call us at your earliest convenience.

e

AntonXpma, ...‘-:::'i,;lﬁg .
Staff Geologist hyd;g;gi’.
[e] ’
p , Jennifer H. Saltonstall
!/
( —— /'\ af
. % — (\\d
Curtis J. Koger, L.G., L.E.G., L.Hg. Jennifer H. Saltonstall, L.G., L.Hg.
Senior Principal Geologist/Hydrogeologist Senior Associate Geologist/Hydrogeologist
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Bioretention Hydrologic Performance Study Technical Memorandum

Attachments: Figure B145 F1:  Vicinity Map
Figure B145 F2:  LiDAR-Based Topography
Figure B145 F3:  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 Ground Water 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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1" WIDE CONTROL DENSITY FILL

PERMEABLE BALLAST EMBEDMENT BERM. EXTEND BERM INTO
(SECTION 9-03.9(2)) SCARCIFY BOTTOM OF NATIVE MATERIAL 1" ON EACH
EACH RESERVOIR CELL SIDE DIRECTED BY THE ENGINEER.

1. SCARCIFY BOTTOM OF EACH RESERVOIR CELL.
CONTRACTOR SHALL NOT COMPACT THE SOILS
ARQUND THE STORAGE CELLS.

2. CONTRACTOR MAY EXCAVATE SLOPE OF BOTTOM
OF STORAGE AREA LEVEL. ADDTIONAL EXCAVATION
SHALL BE AT NO ADDTIONAL COST TO THE CITY.

PERVIOUS SIDEWALK DRAINAGE SYSTEM TYPICAL PROFILE

NOT TO SCALE
PROVIDE AND INSTALL COVER AND
RING PER COB STD. DWG. NO. S—16
TEST PLUG
PROVIDE AND INSTALL COVER AND
RING PER COB STD. DWG. NO. S—16 5" PERFORATED SCHEDULE 40 gf«D"; gﬁggEN

PVC UNDERDRAIN PIPE &fé SCHEDULE

PERVIOUS SIDEWALK / AL

)<—— PERMEABLE BALLAST ; VARIES
o A -
+RAIN GARDEN ;. MATCH FINAL
oy END CAP L T 2 GRADES
£ SCHEDULE 40 PVC 1
UNCOMPACTED SUBGRADE — S
UNDER PERVIOUS SIDEWALK COUPLING LQO‘ BEND SCHEDULE 40 PVC
VARIES — SEE NOTE 1
12" PERMEABLE BALLAST
6" END CAP —— NOTES:
1. EXTEND OBSERVATION PORT ACROSS
ENTIRE LENGTH OF RAIN GARDEN, SEE
PERVIOUS SIDEWALK RAIN GARDEN PLANS, SHEET 13.
OBSERVATION PORT DETAIL
NOT TO SCALE RAIN GARDEN OBSERVATION PORT DETAIL

NOT TO SCALE
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1" MIN

CONCRETE
SIDEWALK

FREEBCARD TOP OF BANK

POND LIMIT (TOF’ ELEVATlON)
gy 7[ *****

©

EXISTING GROUND

4" MIN BIORETENTION SOIL
COMPACTED, TO 90% DENSITY

BOTTOM ELEV.

8 N
SEE TABLE, THIS SHEET

NN

N
R

7
2

OV
K/

24" BIORETENTION SOIL MIX

3" COMPOST
NOTES:
1. SEE LANDSCAPE PLANS FOR PLANTING
DETAILS
RAIN BOTTOM HIGH WATER HIGH
2. INSTALL OFFSET OBSERVATION PORT PER BOTTOM
DETAIL THIS SHEET IN EACH RAIN GARDEN. GARDEN | ELEVATION AREA (SF) ELEVATION WATER
(#) (FT) (FT) AREA (SF)
*  WHEN SLOPE IS ADJACENT TO SIDEWALK.
OTHERWISE, 3:1. 1 404.54 356 405.04 540
2 364.58 408 365.08 580
3 359.00 604 359.50 875

RAIN GARDEN 2 & 3 TYPICAL SECTION A-A
NOT TO SCALE

LA BIOSWALE #1 VARIES — 0’ TO 12' WIDE LA
BIOSWALE #2 VARIES - 0’ TO 9.7° WIDE
PONDING LIMIT

FREEBOARD

BS #1: 2' WIDE

(TOP ELEVATION)

4” MIN BIORETENTION SOIL
COMPACTED, TO 90% DENSITY

BOTTOM ELEV.
VARIES — SEE PROFILES,
SHEETS 36—-42 4” MIN BIORETENTION SOIL

COMPACTED, TO 90% DENSITY

24” BIORETENTION SOIL MIX. 37 COMPOST

NOTES:

1. SIDE SLOPES FOR BS# 1 SHALL BE 3:1.
SIDE SLOPES FOR BS§ 2 SHALL BE 2.5:1

2. SEE PLANS (SHEETS 24, 25, & 28) AND
PROFILES (SHEETS 34, 35 & 38) FOR
ADDITIONAL GRADING INFORMATION

3. INSTALL CDF CHECK DAMS EVERY 22 FT
FOR BS #1 ONLY.

BIORETENTION SWALE TYPICAL SECTION DETAIL
NOT TO SCALE

ROCK WALL NS
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TOP COURSE
[ ]
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g g [y
3705 A
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12" COMPACTED
CcsTC
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NOT TO SCALE
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1" WIDE

4" MIN BIORETENTION SOIL
COMPACTED, TO 90% DENSITY

4" MIN BIORETENTION SOIL
COMPACTED, TO 90% DENSITY

BOTTOM ELEV.
VARIES — SEE PROFILES,
SHEETS 37-38

24" BIORETENTION SOIL MIX.

NOTES:

1. SEE PLANS (SHEETS 23 & 26 AND
PROFILES (SHEETS 33 & 36) FOR
ADDITIONAL GRADING INFORMATION

CONVEYANCE DITCH DETAIL
NOT TO SCALE

NO. DATE BY | APPR REVISIONS ‘ Approved By
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TRANSPORTATION DESIGN MANAGER DATE DESIGNED BY DATE
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| |
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- ——— - e -
|
| |
““PONDING DEPTH LINE HIGH WATER DEPTHLINE =

ELEV. 365.08 ELEV. 365.58 [

RAIN GARDEN POINTS LAYOUT TABLE

POINT [DESCRIPTION| RADIUS | LENGTH | STATION OFFSET
1 PC 1.25° - 13+65.88 | 32.83' LT
2 PT — 82.45 | 13+65.84 | 3532 LT
3 PC 2.87° - 14+48.28 | 36.52" LT
4 PT - 82.51" | 14+48.37 | 30.78' LT
5 PC 1.60° - 26+74.30 | 44.79" RT
6 PT - 21.00° | 26+74.38 | 41.91° RT
7 PG 10.00" - 26+94.95 | 37.62° RT
8 PT - 1.62° | 27+06.33 | 42,97 RT
9 PC 11.00' - 27+07.05 | 44.43' RT
10 PT - 3.20' | 27+06.58 | 51.63' RT
11 PC 5.00' - 27+05.38 | 54.58' RT
12 PT - 27.94' | 26+499.58 | 56.69' RT
13 PC 2.50" - 28+78.37 | 31.59" LT
14 PT - 45.69° | 28+78.40 | 36.57° LT
15 PC 20.00" - 29+23.99 | 39.66' LT
16 PT - 12.13° | 29+34.40 | 37.47' LT
17 PC 3.00' - 29+45.21 | 32.04' LT
18 PT - 65.45° | 29+43.62 | 26.37° LT

RAIN GARDEN NOTES

1. SECTIONS A-A AND B—B SHOWN ON SHEET 12

/

PONDING DEPTH LINE /

ELEV. 359.50 HIGH WATER DEPTH LINE

ELEV. 360.00
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QVERLAY LIMIT

CURVE DATA
Curve No.| PCStation/Offset | PTStation/Offset | Radius | tength | Delta | Tangent
R1 10+70.99, 92.66' LT | 11+13.82, 23.00' LT 48.00 97.87 1116°4928"| 78.06
R2 8473.42, 15.47° LT 9+97.70,30.92' IT 29.00 30.11 |59°28'59"| 16.57
R3 9+40.00, 22.94'RT | 9451.65, 47.37' RT 33.70 27.85 |47°21'10"| 14.78
R4 10+01.55, 42.18'RT | 10+33.25,22.00'RT | 35.00 38.83 |63°34'07"| 21.69 /

NOTE:

CURB AND ISLAND ELEVATIONS FOR INTERSECTION OF SE 24
ST/145 PL TO BE FIELD FITTED TO MATCH EXISTING ROAD
PROFILE AND TO MATCH EXISTING CURBS TO REMAIN.

ASPHALT DRIVEWAY
10" HMA OVERLAY
2” HMA OVERLAY

PERVIOUS CONCRETE SIDEWALK
CONCRETE SIDEWALK /DRIVEWAY
APPROX. CUT LINE

APPROX. FILL LINE

SCALE IN FEET
- -
s |__mm 1
20 0 20

<
~
'—.
— X - [T}
=
—_— I
(9]
— o
S
— T
OVERLAY_LIMIT O
STA. 9+00 _ -
<
l_
w
'
=G ol —
o - Ovng S e ¥ 3 w
: S e z
NN z
S [
s
i / —~
/ DS
PROVIDE AND INSTALL 2” CSTC BETWEEN =
BACK OF SIDEWALK AND CHAIN LINK FENCE L.
AS DIRECTED BY THE ENGINEER. ~ —
~y e —
CONSTRUCTION NOTES DRAINAGE NOTES
@ CONSTRUCT BLOCK WALL PER DETAILS AND PROFILES, SHEETS 42-43. REMOVE EXISTING CATCH BASIN, FRAME, AND COVER.
o, WALL 1 — STA. 12428 RT TO STA. 13+95 RT
REMOVE EXISTING STORM SEWER PIPE.
(2) CONSTRUCT ROCK WALL PER DETAIL, SHEET 12.
PROVIDE AND INSTALL CONCRETE INLET WITH A LOCKING FRAME AND VANED GRATE PER COB STD. DWG. NO. D-1,
(3) EXISTING POLE TO BE REMOVED BY OTHERS (PSE). D-6, D-9. ADJUST TO FINISHED GRADE PER COB STD. DWG. NO. D-23
a. STA. 10+70.08 49.27° LT.
(® NEW POLE TO BE INSTALLED BY OTHERS (PSE). b. STA. 10470.76 17.85" LT.
c. STA. 11+89.86 21.08' RT
(6) GAS VALVE TO BE ADJUSTED BY OTHERS (PSE). 4 STA 1344628 23.23 RT.
e. STA. 14+10.75 13.89 LT.
(3 ADJUST WATER VALVE TO FINISHED GRADE PER COB STD. DWG NO. W—11. ¢ STA 1419719 2110° AT
GENERAL NOTES REMOVE EXISTING FIRE [TYDRANT ANND) INSTALL NEW HYDRANT SAME LOCATION ON THE WATER MAIN PER COB. STD. DWG NO. PROVIDE AND INSTALL CATCH BASIN TYPE | WITH A LOCKING FRAME PER COB STD. DWG. NO. D—2 & D-9. PROVIDE
} . : | : AND INSTALL STRUCTURE LID AS NOTED BELOW. ADJUST TO FINISHED GRADE PER COB STD. DWG. NO. D—23.
1. CALL UTILITIES UNDERGROUND LOCATION CENTER AT 1-B00-424-5555 48 HOURS PRIOR TO CONSTRUCTION. . STA. 10492, 30.5° RT o STA 1043200, 2347 LT, ~ VANED GRATE PER COB STb DWG NO. D6
2. THE CONTRACTOR SHALL POTHOLE ALL POTENTIAL CONFLICTS WITH UTILITIES TO VERIFY THE HORIZONTAL AND GO PROVIDE AND INSTALL IRRIGATION LINE SLEEVE CROSSING. SEE IRRIGATION SHEETS L1-L10 FOR ADDITIONAL INFORMATION. b. STA. 11+89.79, 25.52" RT. ~ SOLID COVER PER COB STD DWG NO. D-8
VERTICAL LOCATION OF THE EXISTING UTILITIES. WHERE THE VERTICAL DISTANCE BETWEEN UTILITIES IS LESS THAN 6 ¢. STA. 12+04.91, 22,317 LT. — VANED GRATE PER COB STD DWG NO. D-6
INCHES, THE CONTRACTOR SHALL PROVIDE AN O.D. X O.D. X 2.5 INCH ETHAFOAM PAD PER THE SPECIAL @) CONSTRUCT CEMENT CONCRETE CURB AND GUTTER PER COB STD DWG NO. TE—10. PATCH BACK TO EXISTING PAVEMENT WITH d. STA. 13+46.11, 26.13" RT. — SOLID COVER PER COB STD DWG NO. D-8
PROVISIONS 7-08.3(2)j. 10" ASPHALT CONCRETE PAVEMENT PER TYPICAL ROADWAY SECTION DETAILS, SHEETS 4-5. e. STA. 13+12.40, 22.14’ LT. — VANED GRATE PER COB STD DWG NO. D—-6
f. STA. 1445022, 33.56' LT. — BEEHIVE GRATE NEENAH FOUNDRY R—4346
3. THE CONTRACTOR SHALL MAINTAIN 11’ FOOT MINIMUM TRAVEL LANES DURING CONSTRUCTION EXCEPT DURING FINAL @ CONSTRUCT TRAFFIC ISLAND 1 WITH CEMENT CONCRETE TRAFFIC CURS PER OETAL, SHEET 9 AND SECTIONS A-A AND B8, g. STA. 14+497.40, 25.84' RT. — SOLID COVER PER COB STD DWG NO. D-8
PAVEMENT RESTORATION, -
PROVIDE AND INSTALL CATCH BASIN TYPE il, 48” DIAMETER WITH A LOCKING RING AND SOLID ROUND COVER PER
5. DETECTABLE WARNINGS SHALL CONSIST OF RAISED TRUNCATED DOMES MEETING APPLICABLE CHARACTERISTICS (59 CONSTRUCT CEMENT CONCRETE SIDEWALK RAMP TYPE 2 PER COB STD. DWG. NO. TE-13. BELLEVUE STD. DWG. NO. D—4, D~5, & D—22 UNLESS OTHERWISE NOTED BELOW.. ADJUST TO FINISHED GRADE PER
SPECIFIED BY THE ADA AND COB STANDARD DRAWINGS TE—12 AND TE—13. MATERIAL SHALL BE "CAST IN PLACE" . o w BELLEVUE STD. DWG. NO. D-23
BY ARMORTILE, APPLIED INTEGRAL TO THE CONCRETE POURING OF THE RAMP FOR ALL NEW CONCRETE (35 CONSTRUCT CONCRETE SIDEWALK, 5" DEPTH, ON TOP OF 4"-11" COMPACTED CSTC PER TYPICAL SECTION DETAILS, SHEET 6. a. STA. 9+97.40, 23.28' LT.
INSTALLATIONS. MATERIAL SHALL BE PRE—FORMED MAT—TYPE "SURFACE APPLIED SYSTEMS” BY ARMOR TILE, b. STA. 10+97.03, 26.03' LT — STANDARD FRAME AND VANED GRATE PER COB STD DWG NO. D—6 & D-9.
"TOPMARK” BY FLINT TRADING OR APPROVED EQUAL FOR ALL RETROFIT AND ASPHALT INSTALLATIONS. NO () CONSTRUCT CEMENT CONCRETE BUS STOP PAD PER DETAL, SHEET 7. c. STA. 1445226, 22.20° LT.
SUBSTITUTIONS WILL BE PERMITTED WITHOUT PRIOR WRITTEN APPROVAL BY THE CITY. DETECTABLE WARNINGS SHALL
BE YELLOW AS SPECIFIED BY THE MANUFACTURER AND SHALL INSTALLED PER THE MANUFACTURER’S @ CONETRUCT CONCRETE DRIVEWAY APPROACH TYPE 1 AND DRIVEWAY DETAILS & SCHEDULE SHEET 44 AND DRIVEWAY PROFILES, [6] PROVIDE AND INSTALL 12" PVC STORM SEWER PIPE PER COB STD DWG. NO. D-25 & D-46. SEE PROFILE, SHEETS
SPECIFICATIONS. : 33-40 FOR PIPE SLOPES.
5. FOR JUNCTION BOX AND ELECTRICAL CONDUIT INSTALLATION, SEE SHEETS 60-62. GRIND_AND OVERLAY ENTIRE ROADWAY WITH HMA CL. 1/2" PG 64-22. GRIND BUTT JOINT PER DETAIL, SHEET 8. SEE SHEETS PROVIDE AND INSTALL 12" DUCTILE IRON STORM SEWER PIPE PER COB STD DWG. NO. D25 & D-46. SEE PROFILE,
SHEETS 33-40 FOR PIPE SLOPES.
6. FOR CENTERLINE AND CURB ELEVATION INFORMATION, SEE ROADWAY PROFILES, SHEETS 33-40. (42 GRIND EXISTING ROADWAY TO A DEPTH OF 5" AND OVERLAY WITH 10" OF NEW HMA TOTAL — 4" HMA Cl. 1/2" PG 64-22 .
- b ' ; PROVIDE_AND INSTALL 8" DUCTILE IRON STORM SEWER PIPE PER COB STD DWG. NO. D-25 & D-46. PIPE SLOPE IS
ATOP 6" HMA Cl. 1" PG 64—22. SEE ROADWAY PROFILES FOR FINAL CENTERLINE ELEVATION INFORMATION. MATCH INTO 2% UNLESS OTERWISE. NOTED ON TIE PROFLE. SEE SHEETS 3540,
TRAFFIC CONTROL NOTES EXISTING PAVEMENT PER OVERLAY TRANSITION DETAIL, SHEET 8. .
EXCAVATE AND CONSTRUCT RAIN GARDEN PER GRADING PLANS SHEET 13 AND DETAILS, SHEETS 11-12. BOTTOM OF
1. TWO-WAY TRAFFIC SHALL BE MAINTAINED AT ALL TIMES UNLESS OTHERWISE APPROVED BY THE CITY. @ PROVIDE AND INSTALL SAFETY RALING PER COB STD. DWG. NO. TE=34 AND WALL DETALS, SHEET 43 . RAIN_ GARDEN ELEVATION TO MATCH RAIN GARDEN DETAILS.
2. WORK HOURS FOR CONSTRUCTION INCLUDING LANE CLOSURES WILL BE 7 AM TO 6 PM MONDAY THROUGH @ CONSTRUCT & WOOD FENCE PER OETAL, SHEET 7. CONSTRUCT RAIN GARDEN OBSERVATION PORT PER DETAIL, SHEET 11.
FRIDAY, 9 AM TO 6 PM ON SATURDAY.
i (49 CONSTRUCT GATE FOR WOOD FENCE PER DETAIL, SHEET 7. PROVIDE AND INSTALL 6" PVC PERFORATED UNDERDRAIN PIPE AND CLEANOUTS PER COB STD. DWG NO. 52 WITH A
3. ggmggﬁgﬁm\‘smu PROVIDE PROJECT SPECIFIC TRAFFIC CONTROL PLAN AT LEAST 10 DAYS PRIOR TO (&) ADJUST MONUMENT CASE AND COVER TO FINISHED GRADE PER COB STD. DWG. NO. DEV—12. MINIMUM BURY DEPTH OF 1 FT. BACKFILL UNDERDRAIN PIPE WAS DRAIN ROCK.
: PROVIDE AND INSTALL 6" PVC SOLID WILL STORM SEWER PIPE PER COB STD DWG. NO. D-25 & D—46 AND
4. TWO — 14 CONSECUTIVE DAY CLOSURES OF 145 PL SE BETWEEN SE 16 ST AND SE 24 ST WILL BE CLEANOUTS PER COB STD. DWG NO. 52.
PERMITTED FOR ROADWAY RECONSTRUCTION, PAVING AND CHANNELIZATION WORK. WORK HOURS DURING THE
CLOSURE SHALL BE 7 AM TO 6 PM MONDAY THROUGH FRIDAY AND 9 AM TO 6 PM ON SATURDAYS. LOCAL b el S E R S G UL S et
ACCESS SHALL BE MAINTAINED FOR RESIDENTS. PROVIDE PIPE OUTLET ROCK PROTECTION PER DETAIL, SHEET 11
NO. | DATE BY | APPR. REVISIONS App(oved B)/ ABE -
&, City of
e | B I 145 PL SE / SE 22 ST ROADWAY & DRAINAGE PLAN
ON DESIGN MANAGER OHTE | DEStemeD B oo 3 ° 145 PL SE - STA. 9+00 TO STA. 15+00
I PR W o | o o w | 23 pellevue ROADWAY IMPROVEMENTS
¢ Masek 03 /1 "
— ORTE | ‘CrEcKeD & St Transportation Department SHT 23 oF _64




APPENDIX B

Current Study Exploration Logs and
Laboratory Testing Data



Cell B145

Exploration Latitude and Longitude

Associated Earth Sciences, Inc.

Kirkland, WA

Bioretention Hydrologic Performance Study

Exploration Latitude Longitude

B145-HA-1 47.58988 -122.14611

B145-HA-2 47.59010 -122.14630

B145-HA-3 47.59004 -122.14622
Appendix B

Project No. KH150387A



\ associated EXploration Log
earth sciences Project Number Exploration Number Sheet
<~ incorporated KH150387A B145-HA-1 1 0of 1
Project Name Bioretention Hydrologic Performance Study Ground Surface Elevation (fty
Location Bellevue, WA Datum NotSurveyed
Driller/Equipment Hand Auger Date Start/Finish _7/6/16,7/6/16
Hammer Weight/Drop  N/A Hole Diameter (in) _4 inches
= 0w o= S g R %
e = 9 = ©
= g2 =338 Blows/Foot P
2 |s| £ 8§ =2 8 3 5
g 18 06 e £
DESCRIPTION © 10 20 30 40 ©

Vegetation Debris / Pine Needles / Leaves

Surface: vegetation, leaf litter

Bioretention Soil Mix

Loose, slightly moist, dark brown, SAND, trace silt; organics present; mostly
medium sand (~60 percent) (SP).

Vashon Advance Outwash

Dense, moist, brown, SAND, trace gravel, trace silt; silt interbed at 3 feet;
mostly fine to medium sand (SP-SM).

Bottom of exploration boring at 3.2 feet
No seepage. No caving.

AESIBOR 150387B145.GPJ October 24, 2016

Sampler Type (ST):

m 2" OD Split Spoon Sampler (SPT) D No Recovery M - Moisture
DD 3" OD Split Spoon Sampler (D & M) ﬂ Ring Sample Y Water Level ()
Shelby Tube Sample ¥ Water Level at time of drilling (ATD)

Grab Sample

Logged by:  JHS
Approved by: JHS




\ associated EXploration Log
earth sciences Project Number Exploration Number Sheet
<~ incorporated KH150387A B145-HA-2 1 0of 1
Project Name Bioretention Hydrologic Performance Study Ground Surface Elevation (fty
Location Bellevue, WA Datum NotSurveyed
Driller/Equipment Hand Auger Date Start/Finish ~ _7/22/16,7/22/116__
Hammer Weight/Drop  N/A Hole Diameter (in) _4 inches
= 0w o= S g R %
e = 9 = ©
= g2 =338 Blows/Foot P
2 |s| £ 8§ =2 8 3 5
g 18 06 e £
DESCRIPTION © 10 20 30 40 ©

Bioretention Soil Mix

Surface: vegetation, leaf litter

Loose, slightly moist, dark brown, SAND, trace silt; organics present; mostly
medium sand (~66 percent) (SP).

Vashon Advance Outwash

Dense, moist, brown, gravelly SAND, some silt; mostly fine to medium sand
(SW-SM).

Bottom of exploration boring at 3 feet
Refusal on cobbles. No seepage. No caving.

AESIBOR 150387B145.GPJ October 24, 2016

Sampler Type (ST):

m 2" OD Split Spoon Sampler (SPT) D No Recovery M - Moisture

DD 3" OD Split Spoon Sampler (D & M) ﬂ Ring Sample
Shelby Tube Sample Y Water Level at time of drilling (ATD)

Grab Sample

Y Water Level ()

Logged by: ADY
Approved by: JHS




NWWELL- B 150387B145.GPJ BORING.GDT 10/24/16

\associated

Geologic & Monitoring Well Construction Log

' earth sciences Project Number Well Number Sheet
G~ incorporated KH150387A -B145-HA-3/WP 10f2
Project Name Bioretention Hydrologic Performance Study Location Bellevue, WA

Elevation (Top of Well Casing) ~1.8 feet (stick up)
Water Level Elevation

Surface Elevation (ft)

Date Start/Finish

Drilling/Equipment Hand Auger Hole Diameter (in) 4 inches
Hammer Weight/Drop N/A
] o=
0|8 2 |66
§ WELL CONSTRUCTION ? DESCRIPTION

al

Above ground stick up -1.8
feet

Threaded PVC cap
Bioretention soil mix 0 to 0.6
foot

Bentonite chips 0.6 to 1.0
foot

Threaded steel pipe -1.8 to
1.6 feet

Bl JEEEEE

Stainless steel jacket over
stainless steel #60 gauze
welded to perforated steel
pipe 1.6 to 4.1 feet

Medium sand 1.0 to 4.3 feet

Bioretention Soil Mix
Surface: vegetation, leaf litter

Loose, slightly moist, dark brown, SAND, trace silt; organics present;
mostly medium sand (~61 percent) (SP).

Vashon Advance Outwash

Dense, moist, brown, gravelly SAND, some silt; mostly fine to medium
sand (SW-SM).

Sampler Type (ST):

Il
Il

g

2" OD Split Spoon Sampler (SPT)
3" OD Split Spoon Sampler (D & M)
Grab Sample

D No Recovery
ﬂ Ring Sample

Shelby Tube Sample

M - Moisture Logged by: ADY
V' Water Level () Approved by: JHS
Y \Water Level at time of drilling (ATD)




associated Geologic & Monitoring Well Construction Log
<

NWWELL- B 150387B145.GPJ BORING.GDT 10/24/16

earth sciences Project Number Well Number Sheet
. fncorporated KH150387A -B145-HA-3/WP 20f2
Project Name Bioretention Hydrologic Performance Study Location Bellevue, WA
Elevation (Top of Well Casing) ~1.8 feet (stick up) Surface Elevation (ft)
Water Level Elevation Date Start/Finish
Drilling/Equipment Hand Auger Hole Diameter (in) 4 inches
Hammer Weight/Drop N/A
)
> - L£73
2g 3 2. |52
8 €% 20 | ©5
= om owm
§ WELL CONSTRUCTION ? DESCRIPTION
Threaded steel pipe, 1 1/4
Z‘CSherZtand end cap 4.1t0 ' Boring terminated at 4.3 feet.
N'ative soil 4.3 to 4.8 feet Well completed at 4.8 feet on 7/22/16.
’ ’ Refusal on cobbles. No seepage. No caving.
Solid drive point 4.5 to 4.8
feet
- 5 —
Sampler Type (ST):
m 2" OD Split Spoon Sampler (SPT) D No Recovery M - Moisture Logged by: ADY
HD 3" OD Split Spoon Sampler (D & M) ﬂ Ring Sample v Water Level () Approved by: JHS
ﬂ Grab Sample Shelby Tube Sample Y \Water Level at time of drilling (ATD)
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at e d
earth sciences

Moisture, Ash, and Organic Matter of Peat

and Other Organic Soils - ASTM 2974

incorporated

Date Sampled Project Project No. Soil Description
7/22/2016 BHPS KH150387A

Tested By Location EB/EP No. Depth Bioretention soil mix
MS B145 B145

Moisture Content B145 Moisture Content B145

Sample ID HA2 0.2-0.5 Sample ID HA3 0.6-0.9

Wet Weight + Pan 962.09 Wet Weight + Pan 880.40

Dry Weight + Pan 897.14 Dry Weight + Pan 805.00

Weight of Pan 273.40 Weight of Pan 296.32

Weight of Moisture 64.95 Weight of Moisture 75.40

Dry Weight of Sall 623.74 Dry Weight of Sail 508.68

% Moisture 10.4 % Moisture 14.8

Organic Matter and Ash Content Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 1015.77 Dry Soil Befor Burn + Pan 857.48

Dry Soil After Burn + Pan 993.70 Dry Soil After Burn + Pan 836.05

Weight of Pan 393.13 Weight of Pan 348.69

Wt. Loss Due to Ignition 22.07 W1. Loss Due to Ignition 21.43

Actual Wt. Of Soil After Burr 600.57 Actual Wt. Of Soil After Burr 487.36

% Organics 35 % Organics 4.2

ASSOCIATED EARTH SCIENCES, INC.

911 5th Ave., Suite 100 Kirkland, WA 98033 425-827-7701 FAX 425-827-5424
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GRAIN SIZE ANALYSIS - MECHANICAL ASTM D422

Project Name Project Number Date Sampled Date Tested Tested By
BHPS KH150387A 7/22/2016 9/1/2016 MS
Sample Source Sample No. Depth (ft) Soil Description
Onsite B145 HA3 2.4-2.9 gravelly SAND, some silt (SW-SM)
Total Sample Dry Wt. (g) Moisture Content (%) Do (mm) Reference Specification
1562.2 4 0.159 Not applicable: native material
U.S. Sieve Opening in Inches | U.S. Sieve Numbers | Hydrometer
4 3 2 15 1 3/4 172 3/8 35 4 6 8 10 14 16 20 30 40 50 60 100 140 200 270 400 500 635
100 M T T T T T T T T T T T T T T T T T
0 | | e |
ol | ™ i |
o {1 i s N s i
il | | | |
‘v 60 | | | | T
= ] | | | |
3 ! : : : :
20T 5 : : |
2 H H i 1 i
Eol | | \ |
| : s \ :
2 30 {1 ; | . |
o s s
10 b ; | | N |
E E | | 'ﬁ-
0 H H H H : q
100 10 1 0.1 0.01
Diameter (mm) emm@ums B145 HA3 = = = Ref. Spec.
Coth. [ Gravel [ Sand | )
\_‘ Coarse | Fine ‘ Coarse ‘ Medium | Fine | Silt or Clay
Sieve No. Diam. Cum. Wt. % Ret. % Passing % Specs. Pass. by Wt.
(mm) Ret. (g) by Wt. by Wt. Min Max
3 76.1 0.0 100.0
2.5 64 0.0 100.0
2 50.8 0.0 100.0
1.5 38.1 0.0 100.0
1 25.4 48.2 3.1 96.9
3/4 19 59.0 3.8 96.2
3/8 9.51 139.3 8.9 91.1
#4 4.76 237.4 15.2 84.8
#8 2.38 376.7 24.1 75.9
#10 2 426.8 27.3 72.7
#20 0.85 658.0 42.1 57.9
#40 0.42 1099.1 70.4 29.6
#60 0.25 1313.1 84.1 15.9
#100 0.149 1420.7 90.9 9.1
#200 0.074 1480.1 94.7 5.3
#270 0.053 1491.6 95.5 4.5

Kirkland Office | 911 Fifth Avenue | Kirkland, WA 98033 P | 425.827.7701 F| 425.827.5424
Everett Office | 2911 % Hewitt Avenue, Suite 2 | Everett, WA 98201 P | 425.259.0522 F | 425.252.3408
Tacoma Office | 1552 Commerce Street, Suite 102 | Tacoma, WA 98402 P | 253.722.2992 F | 253.722.2993
WWW.aesgeo.com
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GRAIN SIZE ANALYSIS - MECHANICAL ASTM D422

Project Name Project Number Date Sampled Date Tested Tested By
BHPS KH150387A 7/22/2016 9/1/2016 MS
Sample Source Sample No. Depth (ft) Soil Description
Onsite B145 HA2 0.2-0.5 SAND, trace silt, trace gravel (SP)
Total Sample Dry Wt. (g) Moisture Content (%) Do (mm) Reference Specification
601.6 0 0.388 Bioretention soil mix: burned sample
U.S. Sieve Opening in Inches | U.S. Sieve Numbers | Hydrometer
4 3 2 15 1 3/4 172 3/8 35 4 6 8 10 14 16 20 30 40 50 60 100 140 200 270 400 500 635
— Fa N
100 T2 "?w?lﬁi"ﬁﬂxll T ; T T T 17
o0 [ z N\ : i
1 1 i N 1 i
B | : | | :
o {1 i s s i
il s : \ : :
‘v 60 | | | | T
H H H i \ 1 i
> H H i i i
a : : : : i
w 50 1 1 1 1 1
£ ' ' 1 H |
(7] 1 1 1 ' 1
@ H H i i i
&40 ; ; i i ;
c H | 1 1 1
3 : : : ! |
& 30 : i | |
20 {4 E : \\ : :
ol i | ' :
0 : : : l \h-’g—-g
100 10 1 0.1 0.01
Diameter (mm) @@ B145 HA2 = = = Ref. Spec.
. hb| Gravel [ Sand | )
o Coarse | Fine ‘ Coarse ‘ Medium | Fine | Silt or Clay
Sieve No Diam. Cum. Wt. % Ret. % Passing % Specs. Pass. by Wt.
' (mm) Ret. (g) by Wt. by Wt. Min Max
3 76.1 0.0 100.0
2.5 64 0.0 100.0
2 50.8 0.0 100.0
1.5 38.1 0.0 100.0
1 25.4 0.0 100.0
3/4 19 0.0 100.0
3/8 9.51 0.0 100.0
#4 4.76 13.5 2.2 97.8
#8 2.38 110.4 18.3 81.7
#10 2 140.6 23.4 76.6
#20 0.85 410.8 68.3 31.7
#40 0.42 535.6 89.0 11.0
#60 0.25 574.5 95.5 4.5
#100 0.149 594.9 98.9 1.1
#200 0.074 599.0 99.6 0.4
#270 0.053 600.1 99.8 0.2

Kirkland Office | 911 Fifth Avenue | Kirkland, WA 98033 P | 425.827.7701 F| 425.827.5424
Everett Office | 2911 % Hewitt Avenue, Suite 2 | Everett, WA 98201 P | 425.259.0522 F | 425.252.3408
Tacoma Office | 1552 Commerce Street, Suite 102 | Tacoma, WA 98402 P | 253.722.2992 F | 253.722.2993

Www.aesgeo.com




GRAIN SIZE ANALYSIS - MECHANICAL ASTM D422
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Project Name Project Number Date Sampled Date Tested Tested By
BHPS KH150387A 7/22/2016 9/1/2016 MS
Sample Source Sample No. Depth (ft) Soil Description
Onsite B145 HA3 0.6-0.9 SAND, trace silt, trace gravel (SP)
Total Sample Dry Wt. (g) Moisture Content (%) Do (mm) Reference Specification
486.7 0 0.263 Bioretention soil mix: burned sample
U.S. Sieve Opening in Inches | U.S. Sieve Numbers | Hydrometer
4 3 2 15 1 3/4 172 3/8 35 4 6 8 10 14 16 20 30 40 50 60 100 140 200 270 400 500 635
100 e |$"-FR| T T T ; T T T 17
o0 | a N\ | |
80 | | | | |
o {1 i s s i
: | s : \ : ;
] | i 1 1 T
il s \ |
20T 5 : : |
2 H H i 1 i
St z | | |
5 | | | | |
ol s s \ |
g | =
o | i | N
o LI : : : M__e
100 10 1 0.1 0.01
Diameter (mm) emm@ums B145 HA3 = = = Ref. Spec.
Coth. [ Gravel [ Sand | )
\_‘ Coarse | Fine ‘ Coarse ‘ Medium | Fine | Silt or Clay
Sieve No. Diam. Cum. Wt. % Ret. % Passing % Specs. Pass. by Wt.
(mm) Ret. (g) by Wt. by Wt. Min Max
3 76.1 0.0 100.0
2.5 64 0.0 100.0
2 50.8 0.0 100.0
1.5 38.1 0.0 100.0
1 25.4 0.0 100.0
3/4 19 0.0 100.0
3/8 9.51 0.0 100.0
#4 4.76 5.9 1.2 98.8
#8 2.38 78.1 16.0 84.0
#10 2 101.3 20.8 79.2
#20 0.85 249.2 51.2 48.8
#40 0.42 398.8 81.9 18.1
#60 0.25 442.7 90.9 9.1
#100 0.149 476.1 97.8 2.2
#200 0.074 484.6 99.6 0.4
#270 0.053 486.1 99.9 0.1

Kirkland Office | 911 Fifth Avenue | Kirkland, WA 98033 P | 425.827.7701 F| 425.827.5424

Everett Office | 2911 % Hewitt Avenue, Suite 2 | Everett, WA 98201 P | 425.259.0522 F | 425.252.3408

Tacoma Office | 1552 Commerce Street, Suite 102 | Tacoma, WA 98402 P | 253.722.2992 F | 253.722.2993

Www.aesgeo.com




APPENDIX C

Background Soil, Geology, and Ground Water Data
(Regional Maps, Previous Studies Exploration Logs
and Laboratory Testing Data)



LEGEND

8-13G BORING NUMBER AND APPROXIMATE LOCATION

HB-03 ) HAND BORING NUMBER AND APPROXIMATE LOCATION

NOTE: BASE MAP PROVIDED BY SKILLINGS CONNOLLY, INC, JUNE 30ih, 2008,

MATCHLINE SEE FIGURE 3

CLENTLOGD CLIENT; [ovewr: PROJECT o
SKILLINGS CONNELLY P R BELLEVUE 145TH PLACE SE sy 2000
e AND SE 22MD PLACE 6.917-164250
| DATURE
NADS3| TME REY. MO
; ] SITE AND EXPLORATION PLAN
SCALE IN FEET A o ekl afneé? S ATATE PO 145th Place SE, Stations 10+00 to 15+35.2 P e
Foridand, Wi, US4 56034-6918 o 5
s s
= 145th Plece SE = Explorgfion | = . 06, 7008 1183em ~ denshpell




PROJECT: Bellevue 145th Pl SE & SE 22nd Pl

JOB No. 8-917-16425-0 BORING No. B-01

DEPTH
(feet)

Soail Description

Location: Station 11+52, 30' R
Approximate ground surface elevation: 409 feet

SAMPLE
NUMBER

PENETRATION RESISTANCE Page 1

i
Standard Blows over inches Other of 1
Blows per foot

GROUND
WATER

=10~

Less than 0.1 foot of moss and weeds over
Loose, moist, dark brown, silty, fine to
medium SAND with some gravel and
scattered roots; (Fill) SM

Medium dense, moist, brown, fine to
medium SAND with some silt and gravel;
(Filt) sSP-sM

Dense, damp to moist, grey and brown
mottles with oxidation staining, silty, fine to
medium SAND with gravel; (Weathered
Glacial Till) SM

Very dense, damp, gray, fine to medium
SAND with some silt and trace gravel;
(Glacial Till) SP-SM

silty

HUSCS/USGS
=1 GRAPHICS

SAMPLE
@ TYPE

e

S-1

S-3

0 10 20 30 40 50[TESTING

N/E

..15_

SOIL_ROCK _COMBO _4-1-05 EXPLORATIONLOGS145THBELLEVUE.GPJ GEOTECH3 05.GDT 7/29/08

Boring terminated at approximately 10.8 feet

- 20

@

Grab Sample

LEGEND

ME No groundwater
encountered

2.00-inch OD
split-spoon sampler

0 20 40 60 &0 100
: . -

1
Plastic Limit Liguid Limi

amec®

11335 N.E. 122nd Way Suite 100
Kirkland, Washington 98034-6913

Drilling Method: HSA Hammer Type:

Cathead

Date drilled: June 16, 2008 Logged By: LME
Drilled by:  Boretech



PROJECT: Bellevue 145th Pl SE & SE 22nd PI

JOB No. 8-917-16425-0 BORING No. B-02

SOIL ROCK _COMBO 4-1-05 EXPLORATIONLOGS145THBELLEVUE.GPJ GEOTECHS3 05.GDT 7/29/08

i ipti Bw PENETRATION RESISTANCE
|:I—: ~ Soil Description 5% E N g E % x & Page 1
%8 | Location: Station 13+83, 30' R 2% | 2 F |32 | 9g | sewen Shwsceliches  Giher of 1
b WS T 100l
DO Approximate ground surface elevation: 406 feet Lo @ @z | 6% 0 10 20 i 30 40 5p|TESTING
0.42 feet of asphalt ! ¢ i :
| Dense, moist, gray-brown with oxidation N/E
staining, silty, fine to medium SAND with ~ [4~[-1 | 1  |77yTUTITTTUTYT TTETTTTT IR T i
trace gravel; (Weathered Glacial Till) SM
~ Very dense, damp, brown, silty, fineto T e 1
medium SAND with trace to some gravel;
(Glacial Till) SM B e e B e T, EEET T .
- 5 - - a —
s-1
o | i Ik NEm - A |
" " Becomes brown-gray, withsome sitand ~ F41fl | 1 | iR S i TR e l
gravel
s217 7T oA EF R i
B _B;cgr;es moist
- 10— B 3 N
s-3
- %
Baoring terminated at approximately 11 feet
- 15 B - o]
20 0 : 20 : 40 S R
LEGEND } ® |
Plastic Limit MOISTURE CONTENT Liguid Limit]
2.00-inch OD -
[T] totspoonsompier N Lo Sroundvter
11335 N.E. 122nd Way Suite 100
Kirkland, Washington 98034-6913
Drilling Method: HSA Hammer Type: Cathead Date drilled: June 16, 2008 Logged By: LME

Drilled by:  Boretfech



SOIL_ROCK_COMBO_4-1-05 EXPLORATIONLOGS145THBELLEVUE.GPJ GEOTECH3 05.GDT 7/29/08

PROJECT: Bellevue 145th Pl SE & SE 22nd Pl

JOB No. 8-9717-16425-0 BORING No. HB-02

. . w
E . Soil Description 3 3 W u W % o A PENET! RATI RESISTANCE Page 1
-= T il
i & | Location: Station 11+66, 32 L 35|55 |55 | ok | Serded Sowoweries  ofer | off
DO Approximate ground surface elevation: 409 feet Lo @ w=z | o 0 10 20 P 30 40 50[TESTING
Forest duff : : : : :
" Loose to medium a:en_se_, ;t)_isfgz;ri-ﬁ_ro;r\_, T
sandy SILT / silty SAND, with trace gravel
and abundant roots; (Topsoil) ML-SM
N/E
[ Medium dense, moist, oxidized brown, silty,
fine to medium SAND with trace gravel;
(Weathered Glacial Tilhysm —— PELEN G2 | 8 | p b e |
Refusal on rock
Boring terminated at approximately 2 feet
1
| 5 . i . . .
LEGEND 0 — 20 40 ° 60 80 ] 100
Plastic Limit____MOISTURE CONTENT Liguid Limid
R Grab Sample ou -
NIE imes™
11335 N.E. 122nd Way Suite 100
Kirkland, Washington 98034-6913
Drilling Method: Hand Auger Hammer Type: Not Applicable Date drilled: June 17, 2008 Logged By: LME
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Herrera Environmental Consultants, Inc.
Memorandum

To  Marina Arakelyan and Chris Masek, City of Bellevue

cc  Mark Dewey and Arthur Chi, City of Bellevue
From  Robin Kirschbaum and Meghan Feller, Herrera Environmental Consultants
Date  June 18, 2010

Subject  145th Place SE and 22nd Street SE Roadway Improvement Project — Pilot
Infiltration Test Results

This memorandum documents the methods and results of a pilot infiltration test (PIT) performed
by the City of Bellevue (City) Transportation Department and Herrera Environmental
Consultants (Herrera) on June 9, 2010 for the 145th Place SE and 22nd Street SE roadway
improvement project in Bellevue, Washington.

The results of the test indicate that a long-term design infiltration rate of 1.3 inches per hour is
appropriate for final design of rain gardens and bioretention swales for the project. A lower long-
term design infiltration rate of 0.3 inches per hour will be used for pervious pavement. This
lower rate includes a factor of safety of 4 to account for the lack of pre-treatment of stormwater
runoff prior to contacting the native soil layer. For the rain gardens and bioretention swales, an
18-inch to 24-inch thick layer of imported bioretention soil mix will be placed on top of the
native soil, providing a high level of on-going protection for the infiltration capacity of the
underlying native soils.

The remainder of this memorandum provides project background information, detailed
discussion of the methods used to perform the PIT test, results, and a summary of lessons learned
and recommendations for future PIT tests to be conducted by the City.

Background

The City of Bellevue Transportation Department is developing designs for improving 145th
Place SE between SE 24th Street and SE 16th Street. Improvements will include widening and
overlaying the roadway, constructing sidewalk, and improving landscaping within the right of
way. The project is among the City’s first demonstration projects utilizing Natural Drainage
Practice (NDP) facilities including rain gardens, bioretention swales, pervious pavement, and
extensive compost amendment to meet or help to satisfy flow control and water quality treatment
requirements.
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Long-term design infiltration rates for the NDP facilities were previously determined by AMEC
(2008) on behalf of Skillings Connolly, Inc. during earlier phases of design based on textural
classification and D grain size distributions, as summarized in Table 1.

Table 1. Summary of grain size distributions and infiltration rates for the 145th Place
SE and 22nd Street SE roadway improvement project.

Dy Infiltration Rate
Test Pit Location Soil Type (mm) (in/hr)

B-03, S-1 Station 18+65, 20’ R Sand 0.22 4

B-04, S-4 Station 23+15, 24’ L Loamy Sand 0.01 0.4
B-06, S-3 Station 25+07, 24’ R Sand 0.11 2

B-08, S-2 Station 29+30, 20’ R Loamy Sand -- 0.5
B-10, S-2 Station 33+30, 31’ L Sandy Loam - 0.25
B-09, S-4 Station 33+32, 19’ R Sandy Loam 0.003 0.3
B-16, S-2 Station 6+21, 23’ L Loamy Sand 0.01 0.4
B-15, S-1 Station 34+65, 8’ L Loamy Sand 0.02 0.7
B-14, S-1 Station 35+53, 28’ L Loamy Sand -- 0.5

Source: AMEC (2008)

Do: soil particle diameter at which 10 percent of the mass of a soil sample is finer
mm: millimeters

in/hr: inches per hour

AMEC described in their report that the infiltration rates presented in Table 1 incorporated a
correction factor of 4 to represent an average degree of long-term maintenance and the glacially
over-consolidated subsurface soil conditions. Skillings Connolly, Inc. conservatively used

0.3 inches per hour, the lowest value for which Do was analyzed, as the basis for designing the
NDPs for the entire project site through the 95 percent complete design stage (Skillings Connolly
2010).

While the textural classification and grain size distribution methods are approved by the City, the
Washington State Department of Ecology (Ecology) strongly recommends in-situ infiltration
testing whenever possible using the PIT method, as described in detail in Appendix 111-D of the
Stormwater Management Manual for Western Washington (SWMM) (Ecology 2005). The PIT
method provides the best information for design of infiltration facilities because it relies on
physical measurement of the infiltration rate in the location of the proposed facility. Because of
the relatively large scale of the test, errors typically associated with smaller-scale methods, such
as the falling head and double ring infiltrometer tests, are substantially reduced.

Methods

The methods used for conducting the PIT were slightly modified from Appendix I11-D of the
SWMM (Ecology 2005). The modification included digging a smaller test pit than specified by
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Ecology (bottom dimensions of 3 feet by 3 feet were used, rather than 10 feet by 10 feet) due to
space constraints on the site. The methods used were as follows:

1.

The City of Bellevue Transportation Department excavated a test pit in the
location of proposed Rain Garden 1 in the 95 percent plan submittal
(station 29+25, offset 35°L (£3)) with approximate dimensions of 3 feet
wide x 3 feet long x 2.6 feet deep. Figure 1 shows the approximate
location of the test pit. Note that Rain Garden 1 in the 95 percent plan
submittal is now being referred to as Rain Garden 3 by the Transportation
Department for the final design phase.

A vertical measuring rod was installed near the center of the pit bottom
(see Photo Log).

The City of Bellevue Water Department began filling the test pit with
water from a 1,000-gallon water truck and 4-inch fire hose at
approximately 9:00 am. At approximately 10:35 am, the Water
Department switched to a fire hydrant with a fire hose connected to a
3/4-inch garden hose to maintain more consistent pressure and flow at
Herrera’s request.

A 5-gallon bucket was place at the bottom of the pit to dissipate energy
from the hose and reduce disturbance of the pit sidewalls and bottom.

Flow rate into the test pit was initially measured by recording the amount
of time to fill a 5-gallon bucket every 15 to 30 minutes. This method
proved to be too time consuming and allowed the water surface elevation
in the test pit to begin drawing down during the measurements. When the
water source was switched from the water truck to the fire hydrant, a
3/4-inch domestic water meter was attached in-line with the 3/4-inch
garden hose to provide more accurate flow measurements. Readings of
water level and flow rate were manually recorded approximately every
15 minutes.

Water was added to the pit at a rate that maintained an approximate water
depth of 10 to 11 inches. This depth was considered to be a good depth for
testing because it represents the maximum rain garden and bioretention
swale ponding depth of 6 inches with additional depth for freeboard (or
height over the overflow structure). Appendix I11-D of the SWMM
(Ecology 2005) recommends a depth of 3 to 4 feet; however, that greater
depth is not representative of the intended function of the NDP facilities
for this project and might result in artificially high infiltration rates. This
phase of the test, referred to as “pre-steady state”, lasted approximately
3-1/2 hours (until approximately 12:38 pm) and was sufficient to saturate
the soils surrounding the test pit.
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Figure 1. Pilot Infiltration Test Location






7. The “steady state” phase of the test is defined as a 1-hour period during
which the water surface elevation does not change by more than 1/2-inch
with a constant flow rate over the course of that hour. Steady state was
achieved for this test with a flow rate of approximately 0.5 gallons per
minute and water surface elevations ranging from 10.25 to 10.75 inches.

8. After steady state conditions were maintained for a 1-hour period, the
water was turned off and the rate of infiltration (inches per hour) was
recorded from the measuring rod until the pit was nearly empty. Heavy
rainfall started at approximately 5:00 pm (8 hours after the test was begun)
and directly entered the pit, thereby making it impossible to draw down
the pit entirely within one working day (See Photo Log). At 7:00 pm,
approximately 10 hours after the test was begun, the test was stopped with
approximately 4.5 inches of water remaining in the pit. An estimated
cumulative volume of 22.7 cubic feet (or roughly 170 gallons) of water
was delivered to the test pit over the duration of the test.

9. Water depths observed after 5:00 pm were adjusted to account for the
direct input of rainfall over the 2-hour period between 5:00 pm (when the
heavy rain began) and 7:00 pm (when the test was stopped). The rainfall at
the test site was recorded every 15 minutes using a 5-gallon bucket placed
near the test pit. The cumulative rainfall observed was approximately
1.02 inches over 2 hours, which equates to an average intensity of
approximately 0.5 inches per hour. The maximum rainfall intensity
observed during this period was 0.3 inches in 15 minutes, or
approximately 1.2 inches per hour (Figure 2).

10.  The infiltration rate was then computed based on the following formula:

IR = AL
AT
where:
IR = Infiltration rate (inches/hour)

AL = Change in water level (inches) from point when water inputs
are turned off to end of test

AT = Change in time (hours) from point when water inputs are
turned off to end of test
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Figure 2. Pilot infiltration test results for the 145th Place SE and 22nd Street SE roadway improvement project.
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Results

The results of the infiltration test are shown graphically in Figure 2 and in tabular format in
Table 2. During the drawdown period, the ponded depth (adjusted for rainfall) fell from
10.8 inches to 3.6 inches over a 5-1/2 hour period, resulting in a design infiltration rate of
1.3 inches per hour.

Table 2.  Pilot infiltration test drawdown data.

Staff Gage Field Estimated Cumulative  Adjusted Infiltration
Reading ® Depth # Rainfall ° Rainfall Depth © Rate
Time (in) (in) Notes (in) (in) (in) (in/hr) ¢

1:30 PM 12.75 10.75 0 0 10.75

1:45 PM 12.25 10.25 0 0 10.25

2:00 PM 11.50 9.50 0 0 9.5

2:15PM 11.00 9.00 0 0 9

2:30 PM 10.50 8.50 0 0 8.5

2:45 PM 10.13 8.13 0 0 8.13

3:00 PM 9.63 7.63 0 0 7.63

3:15PM 9.25 7.25 0 0 7.25

3:30 PM 8.88 6.88 0 0 6.88

3:45 PM 8.50 6.50 0 0 6.50

4:00 PM 8.25 6.25 0 0 6.25

4:15 PM 8.00 6.00 0 0 6.00

4:30 PM 7.75 5.75 0 0 5.75

4:45 PM 7.50 5.50 0 0 5.50

5:00 PM 7.50 5.50 Heavy rain 0.3 0.30 5.20

5:15PM 7.50 5.50 Rain 0.2 0.50 5.00

5:30 PM 7.38 5.38 Rain 0.05 0.55 4.83

5:45 PM 7.25 5.25 Light rain 0.01 0.56 4.69

6:00 PM 7.13 5.13 Light rain 0.01 0.57 4.56

6:15 PM 6.88 4.88 Rain 0.05 0.62 4.26

6:30 PM 6.75 4.75 Rain 0.1 0.72 4.03

6:45 PM 6.63 4.63 Rain 0.1 0.82 3.81

7:00 PM 6.63 4.63 Rain 0.2 1.02 3.61 1.30
in: inches
in/hr: inches per hour
Notes:

? The staff gage was buried 2 inches deep in the bottom of the pit. The “Depth” column is the “Staff Gage Reading” minus
2 inches.

Rainfall was estimated at the test pit location by observing the depth of rainfall in a 5-gallon bucket in 15-minute intervals
from the beginning of the rainfall until the test was stopped.

¢ “Adjusted Depth (in)” = “Depth (in)” — “Cumulative Rainfall (in)”.
¢ “Infiltration Rate (in/hr)” = AL/AT = (10.75 in — 3.61 in) / 5.5 hours = 1.3 in/hr.
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For most design applications, the infiltration rate obtained from the PIT test must be reduced by
a correction factor to account for factors such as degree of long-term maintenance, level of
pretreatment/control of influent, and potential for long-term clogging due to siltation and bio-
buildup. However, when imported bioretention soil is used, which will be the case for the rain
gardens and bioretention swales for this project, no correction factor is required for the
infiltration rate of the underlying native soil. Therefore, the long-term design infiltration rate to
be used for final design of the rain gardens and bioretention swales for the 145th Pl SE roadway
improvement project is 1.3 inches per hour. For pervious pavement, a correction factor of 4 is
applied to the measured short-term infiltration rate, resulting in a long-term design infiltration
rate of 0.3 inches per hour.

Lessons Learned and Recommendations for Future PIT Tests

Based on lessons learned during this PIT test, we recommend that the City consider the
following measures for all future PIT tests:

. Use a fire hydrant instead of a water truck if possible. The fire hydrant
provides more steady pressure throughout the duration of the test and has
no risk of running out of water before the test is completed.

. Use a garden hose rather than fire hose to convey flows into the test pit. A
fire hose was initially used in the test, but was found to be too large and
was unable to maintain the pressure needed to deliver constant flow rates
at low flows (i.e., <1 gallon per minute).

= Use a highly accurate in-line flow monitoring device. A 5-gallon bucket
and stopwatch were initially used to estimate flow rates for this test.
During the time it takes to fill the 5-gallon bucket at low flow rates (i.e.,
<1 gallon per minute), we observed the test pit beginning to draw down
before steady state had been achieved. The City’s Water Department
supplied a ¥-inch domestic meter to monitor flow volumes part-way
through the test, which greatly simplified the test and improved the
accuracy of the results.

. Lay back the sides of the test pit. For this test, the walls were dug
vertically and the spoils were piled on the edges of the test pit (see Photo
Log). This configuration greatly increases the possibility that fines will
enter the pit and clog the bottom, resulting in artificially low infiltration
rates. This is especially true if the pit is exposed to rainfall, which was the
case during this test. Alternatively, if space constraints or time do not
allow for laying back the sides of the test pit, shore the vertical sides of the
pit with a constructed plywood box, concrete pipe section, or other
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sufficiently strong shoring method and move the spoils away from the
edge.

. Cover the test pit if rain is expected. Heavy rainfall directly entering the
test pit can skew the measurements and result in artificially low infiltration
rates. A tarp that is at least twice as large as the pit and erected at least
6 feet above the top of the pit to allow work to be performed beneath it is
one possible method for covering the test pit to prevent direct rainfall
input.

. Be prepared to accurately measure rainfall at the test site if rain is
expected.
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Qvt Vashon
till

Qva Advance
Outwash
Deposits

Compact deposit with a silt-sand matrix supporting subrounded to rounded gravel,
glacially transported and deposited under ice. Contains large, often tabular, sand
and gravel bodies, cobbles and boulders common. Coarse-grained layers may
exceed 50% of the volume of the deposit. May appear to be cemented due to great
degree of compaction. Commonly fractured and has intercalated sand lenses.
Generally forms undulating, elongated surfaces. Upper +/- 3 feet is commonly
weathered: oxidized, medium dense to dense, clean to silty, gravelly sand capping
unweathered till. Often present, but not always differentiated on boring logs. May
include areas of Qvr too small to separate or be observed during mapping. Likely
not as continuous as mapped. Locally gradational with units Qva and Qvi

Well-sorted sand and gravel deposited by streams issuing from advancing ice
sheet. May grade upward into till. Silt lenses locally present in upper part and are
common in lower part. Generally unoxidized to only slightly oxidized. May be
overlain by Vashon till in areas too small to show at map scale. Includes Esperance
Sand Member of the Vashon Drift of Mullineaux and others (1965). Grades
downward into unit Qvlc with increasing silt content or unconformably overlies
older glacial or interglacial deposits. Locally contains groundwater that emanates
as springs and seeps park

Excerpt from Troost, K. G., 2012, Geologic Map of Bellevue, Washington, Pacific Center for Geologic
Mapping Studies, 1/1/2012.
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B145 Soil Probe Data
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B145 Level Survey Data
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Associated Earth Sciences, Inc.

Kirkland, WA

Cell B145
Level Survey Data

Elevation
(feet,
project
Location datum)
(S-1) Manhole, south rim 100
Overflow rim, NE corner 98.90
Pre-existing 2 inch PVC piezometer, top of 102.51
casing
Pre-existing observation port, top of 100.15
casing
Well point, top of casing 100.31
Survey points in base of cell On site
plan
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Cell B145
Probe Survey Data List (Excludes Outliers)

Probe
Penetration
(feet):

1.5
0.9
0.9
0.9
1.1
1.5
0.8
1.5
0.9
1.1
2.2
0.9
1.1
0.5
1.3
0.5
1.3
0.7
0.6
1.7
0.7
0.8
1.1
0.7
1.2
0.8
1.7
1.5
1.8
2
AVERAGE:
1.1
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Bioretention
Receptor Soils Soil over Qva

Bioretention Hydrologic Performance
Project Name Assessment

Project Number KH150387A
Date 8/31/16

Testing Performed By HFW

Weather Cloudy, Intermittent Rain
Test No. B145 IT-1, near overflow
Meter FM3

Water Source Irrigation System

) Head Depth to Depth to water, Depth to. water, Depth to water,
Time (24-hr) ToFaI Flow Rate Totalizer | (temporary |Wetted area water, well observation from rim of pre-existing Notes
(min) (gpm) (gal) staff gauge (ftA2) point (feet) port (feet) overflow grate piezometer (feet)
SG-1, feet) (feet)
7:40:00 0.0 24.11 0 0.00 Dry at 7:08 Dry at 7:22 Flow on
7:45:00 5.0 19.39 101 0.10
8:00:00 20.0 19.56 390 0.09
8:15:00 35.0 19.50 683 0.09 2.05 at 8:10 Dry at 8:10
8:30:00 50.0 19.50 975 0.09
8:45:00 65.0 19.56 1268 0.10
9:00:00 80.0 19.50 1561 0.10 28 Dry Dry Dry
9:15:00 95.0 19.56 1853 0.10
9:30:00 110.0 19.56 2147 0.11
9:45:00 125.0 19.61 2441 0.11
10:00:00 140.0 19.61 2735 0.11 28 Dry Dry 2.05 Dry
10:15:00 155.0 19.56 3029 0.12
10:30:00 170.0 19.67 3323 0.12
10:45:00 185.0 19.67 3617 0.12
11:00:00 200.0 19.61 3911 0.12 28 Dry Dry 2.04 Dry
11:15:00 215.0 19.61 4206 0.12
11:30:00 230.0 19.67 4501 0.12
11:45:00 245.0 19.72 4796 0.12
12:00:00 260.0 19.67 5090 0.12 32 Dry Dry 2.04 Dry Light rain begins
12:15:00 275.0 19.56 5385 0.12
12:30:00 290.0 19.72 5680 0.13
12:45:00 305.0 19.72 5975 0.13 Light rain continues
Associated Earth Sciences, Inc. Appendix D Bioretention Hydrologic Performance Study

Kirkland, WA

Infiltration Test IT-1 Page 1/2
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Head Depth to water,
) Depth to Depth to water, . Depth to water,
! Total Flow Rate Totalizer | (temporary |Wetted area R from rim of L
Time (24-hr) . water, well observation pre-existing Notes
(min) (gpm) (gal) staff gauge (ftr2) oint (feet) ort (feet) overflow grate iezometer (feet)
SG-1, feet) P P (feet) P
13:00:00 320.0 19.72 6272 0.13 44 Dry Dry 2.04 Dry Light rain continues
Datalogger placed in
13:17:00 337.0 19.78 6607 0.13 standing water at SG-1
13:30:00 350.0 19.56 6863 0.13
13:45:00 365.0 19.56 7157 0.13
Flow from inlet
observed, Rain has
14:00:00 380.0 19.72 7451 0.14 44 Dry Dry 2.04 Dry stopped
14:15:00 395.0 19.61 7746 0.14
Flow from inlet pipe
14:30:00 410.0 19.56 8041 0.14 has stopped
14:45:00 425.0 19.61 8336 0.14
15:00:00 440.0 19.67 8631 0.14 44 Dry Dry 2.04 Dry
flow off, begin falling
15:15:00 455.0 19.67 8927 0.14 head
15:15:30 455.5 0.08
15:16:00 456.0 0.03
End of test, Datalogger
15:16:30 456.5 0.01 retrieved
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B145 Infiltration Test IT-1

O Water Level, SG-1, Hand Measured + Water Level, SG-1, Logger
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Bioretention Hydrologic Performance
Project Name Assessment

Project Number KH150387A
Date 9/1/16

Weather Cloudy, rain

Test No. B145 IT-2, near inlet

Meter FM3

Water Source Irrigation System

Bioretention

Receptor Soils Soil over Qva

Testing Performed By HFW

Kirkland, WA

Infiltration Test IT-2 Data Page 1/2

Project No. KH150387A

. Head Depth to Depth to water, from
Time (24-hr) Total (min) Flow Rate Totalizer | (temporary | Wetted area water, well Deptl? to water, rim of overflow grate Notes
(gpm) (gal) staff gauge (ftn2) point (feet) observation port (feet) (feet)
SG-2, feet)
7:15:00 0.0 23.84 0 0.00 Dry Dry 2.05 Flow on
7:30:00 15.0 23.50 344 0.10 33
7:45:00 30.0 23.78 699 0.07
8:00:00 45.0 23.56 1054 0.06 54
8:15:00 60.0 23.72 1409 0.06 108 Dry Dry 2.05
8:30:00 75.0 23.83 1765 0.06
8:45:00 90.0 23.78 2121 0.06
9:00:00 105.0 23.72 2477 0.06
9:15:00 120.0 23.78 2835 0.06 108 Dry Dry
9:30:00 135.0 23.83 3192 0.06 124
9:45:00 150.0 23.72 3548 0.07
10:00:00 165.0 23.72 3905 0.07
10:15:00 180.0 23.94 4261 0.07 5.01 trace water
10:30:00 195.0 23.83 4618 0.07
10:45:00 210.0 23.89 4977 0.07
11:00:00 225.0 23.94 5336 0.07
11:15:00 240.0 23.94 5695 0.07 124 4.58 at 11:12 441
11:30:00 255.0 23.94 6053 0.06
11:45:00 270.0 23.94 6412 0.07
12:00:00 285.0 23.94 6771 0.07
12:15:00 300.0 23.94 7130 0.07 124 4.44 at 12:13 4.42 at 12:12
12:45:00 330.0 23.83 7847 0.07
Associated Earth Sciences, Inc. Appendix D Bioretention Hydrologic Performance Study




Head
. Depth to Depth to water, from
. . Flow Rate Totalizer | (temporary |Wetted area Depth to water, f
Time (24-hr) Total (min) water, well . rim of overflow grate Notes
(gpm) (gal) staff gauge (ftn2) . observation port (feet)
point (feet) (feet)
SG-2, feet)
13:00:00 345.0 23.78 8205 0.07
13:15:00 360.0 23.89 8561 0.07 124 4.37 at 1:11 4.41 at 1:11
13:30:00 375.0 23.83 8918 0.07
13:45:00 390.0 23.72 9275 0.07
14:00:00 405.0 23.82 9632 0.07
14:15:00 420.0 23.78 9989 0.07 4.31 at 14:11 4.41 at 14:11
14:30:00 435.0 23.78 10346 0.07
Moderate rainfall
begins, water off, no
falling head due to
stormwater flow into
wetted area from
14:45:00 450.0 23.72 10703 0.08 4.29 at 14:39 4.41 at 14:30 testing
6/2/2016, 5.75
at 07:29 Datalogger retrieved
Associated Earth Sciences, Inc. Appendix D Bioretention Hydrologic Performance Study
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B145 Infiltration Test IT-2 Plot 2
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B145 Infiltration Test IT-2 Plot 2
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APPENDIXE

Site Photos



=

Cell B145 view from north end

Cell B145 overflow structure and pre-existing piezometer
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Cell B145 pre-existing observation port
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APPENDIX 4

Deliverable 4.5, Site BDP, Geotechnical/Soils Assessment Design Data and
Current Conditions, Bloedel Donavan Park, Bellingham, Washington. Associated
Earth Sciences, Inc. 10/25/16
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Technical Memorandum

Page 1 of 14
Date: October 25, 2016 From: Jennifer H. Saltonstall, L.G., L.Hg.
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: Curtis J. Koger, L.G., L.E.G., L.Hg.

Bioretention Hydrologic

Project Name:
J Performance Study

Attn: Doug Beyerlein, P.E. Project No: KH150387A

Deliverable 4.5, Site BDP, Geotechnical/Soils Assessment Design Data and Current Conditions,

Subject: Bloedel Donavan Park, Bellingham, Washington

1.0 INTRODUCTION

This technical memorandum documents existing shallow soil and ground water conditions in the
raingarden at the northeastern corner of the Bloedel Donovan Park parking lot, on the east side of
Electric Avenue, located in Bellingham, Washington (Figure BDP 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 ground water conditions data related to bioretention cell function,
and documented the current condition of the facility relative to the as-built drawings and
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 ground water conditions integrates the observations
made during the geotechnical assessment which included site visits on July 29, 2016, infiltration
testing on September 2, 2016, and background geotechnical information.

This technical memorandum has been prepared for the exclusive use of Clear Creek Solutions and
the City of Bellingham 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 e Kirkland, WA 98033 e P | 425 827-7701 ¢ F | 425 827-5424
2911 1/2 Hewitt Avenue, Suite 2  Everett, WA 98201 ¢ P | 425 259-0522 « F | 425 827-5424
1552 Commerce Street Suite 102 » Tacoma, WA 98402 P | 253 722-2992 ¢ F | 253 722-2993
WWW.aesgeo.com
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2.0 PURPOSE AND SCOPE

The purpose of our work was to perform a shallow soil and ground water 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 Conservation System (USCS) and American
Society for Testing and Materials (ASTM) D2488, “Standard Recommended Practice for
Description of Soils.”

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

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

e Conduct infiltration testing.

e Preparation of descriptive exploration logs for each exploration.

e Preparation of this summary document.

Topography of the site and surrounding area is shown on Figure BDP F2, “LiDAR-Based
Topography.” Existing facility features and the locations of hand-auger boreholes completed for
this study are shown on Figure BDP F3, “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 ground water 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 Bloedel Donovan Park - City of Bellingham North Shore Water Quality
Project, located in Bellingham, Washington, as shown on the attached “Vicinity Map”
(Figure BDP F1). Bloedel Donovan Park is about 19 acres in size, and is roughly delineated by
Electric Avenue to the west, by a grassy field to the south, and by Lake Whatcom to the north and
east. Lake Whatcom is the largest surface water feature onsite. The lake discharges to the
southwest of the park via Whatcom Creek. Per the Washington State Source Water Assessment
Program Mapping Application, no water supply wells are located within approximately 1 mile of the

October 25, 2016
Project No: KH150387A Page 2
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site. Lake Whatcom is used as a water supply for the City of Bellingham. LiDAR topography and
other near-site vicinity features are illustrated on Figure BDP F2, “LiDAR-Based Topography.”

Our specific area of study for this project includes the bioretention facility (referred to as cell BDP
for this study) located adjacent to Electric Avenue, just north of a parking lot exit road. The
attached “Facility and Exploration Plan” (Figure BDP F3) illustrates our study area.

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

e City of Bellingham, Washington, Public Works Department, North Shore Water Quality
Project, July 7, 2003.

e GeoEngineers, Inc., Memorandum, Bloedel-Donovan, May 19, 2003.

e “Storm Calcs BBD Site 23.pdf,” undated. Document transmitted to AESI by Clear Creek
Solutions June 29, 2016.

3.1 Summary of Facility Design

From our review of these documents, the bioretention facility design for cell BDP consists of one
approximately 550-square-foot basin (area estimated from plan sheet 4, City of Bellingham, 2003)
with three internal “weirs” within the facility, generally running northeast to southwest across the
facility, dividing the cell into chambers, as shown on Figure BDP F3, “Facility and Exploration Plan.”
We understand that the cell was sized using the Santa Barbara Unit Hydrograph (SBUH) model
based on a developed condition drainage basin of 1.6 acres. Land use within the drainage basin
consists of parking lot area. Per plan sheet 2 (City of Bellingham, 2003), a nearby facility designed
as part of the same project is constructed with 18 to 24 inches of bioretention soil, overlaying three
6-inch layers of 6-inch drain rock, each separated by geomembrane fabric. Similar details were not
available for cell BDP, and we assume that cell BDP is constructed similarly. The facility was
constructed in August 2003, and began receiving runoff in September or October 2003 (Email
communication, Eli Mackiewicz, City of Bellingham Public Works Department, August 23, 2016).

Inflow to cell BDP is from two curb cuts on the northeast and southeast side of the cell. A water
bar consisting of an asphalt berm about 2 feet wide and 3 inches high is shown as located across
the parking lot to control and direct drainage into cell BDP through the curb cut on the southeast
side of the cell. Water can pond up to approximately 0.9 feet in the final chamber before flowing
over the overflow weir. Water that flows over the overflow weir is collected in an area drain and
discharged to a separate storm filter, indicated on the plans as “Stormfilter ‘B’.”

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 BDP F3, “Facility and Exploration Plan”.

October 25, 2016
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e LevelSurvey: AESI conducted an elevation survey of the facility using a Leitz C40 automatic
level and a stadia rod. An arbitrary project datum was established for this survey, with the
center of the nearby sewer manhole (indicated on the site plan in Appendix D) defined as
project datum elevation 100 feet. All other elevations measured are relative to this project
datum. Due to the density of vegetation within the facility, AESI’s ability to survey
elevations within the base of the BDP facility was limited. To obtain additional elevation
data, AESI used a 1-meter rod, a hand level, and a ruler to measure elevation change along
two profiles across the base of the facility. These profiles and additional data points are
included in Appendix D. Key level data is summarized in Table 1. These profile surveys
were 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 Inflows: Two inflows to cell BDP are present, which consist of 12-inch-wide curb cuts. Near
the northern curb cut, rilling to a depth of 0.05 feet was observed. Near the southern curb
cut, AESI noted an eroded channel 0.8 feet wide, and up to 0.2 feet deep.

e The plans indicate that a water bar consisting of an asphalt berm about 2 feet wide and
3 inches high would be located across the parking lot to control and direct drainage into the
cell. The water bar was not constructed. Instead, a shallow depression (generally less than
% inch) in the asphalt surface directed water north across the parking lot exit. This parking
lot exit generally slopes downwards to the west, so water which overtops the shallow
depression flows west to Electric Avenue rather than following the path of the depression
to the southern inflow to the BDP facility. Water was observed to overtop the depression
in the presence of collected leaf litter partially damming the curb cut, as discussed under
“Infiltration Testing” later in this document. Water could also overtop the shallow
depression in the case of high flows during large storm events.

e Internal cell weirs: The plans indicate three internal “weirs” within the facility, generally
running northeast to southwest across the facility, dividing the cell into chambers. AESI
noted that the “weirs” are constructed of materials similar to composite/plastic decking
boards. There are gaps between the base of the boards and the top of the bioretention soil
for significant portions of their length, so that ponded water can flow under the boards.

e Monitoring well: The existing monitoring well, indicated on plan sheet 3 as “Type 1 C.B.
solid, licking lid (monitoring well),” consists of a 6-inch-diameter white PVC pipe which
sticks up approximately 0.3 feet from ground surface and has a total depth of 3.8 feet from
the top of the casing. This monitoring well is set within a square, metal structure with a
solid metal lid. Due to the stickup of the monitoring well, the metal lid does not close or
lock, and instead can only be propped against the PVC casing of the monitoring well,
partially covering the top of the monitoring well. No other cap on the PVC pipe is present.
Per our level survey, the top of the monitoring well is 0.03 feet higher in elevation than the
overflow weir. It is possible that when the facility is full of water to the level at which it

October 25, 2016
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flows over the overflow weir, water or debris could enter the open top of the monitoring
well.

e Overflow: One overflow is present. This overflow consists of an approximately curved
12-foot-long curb which acts as a weir on the western side of the facility. Water which
flows over this weir would pool in a low area surrounded by curbs, and flow into the storm
drain in this location, and be directed to a separate storm filter, indicated on the plans as
“Stormfilter ‘B’.”

e AESI investigated the loose bioretention soil thickness present in cell BDP 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. In the three western chambers, the
apparent thickness of bioretention soil generally ranged from approximately 1.6 feet to
1.9 feet, and averaged 1.7 feet. In the easternmost chamber, probe penetration was
typically 0 to 0.5 feet, and cement blocks were present beneath the bioretention soil.
Probe penetration data is included in Appendix D to this document.

Table 1
Summary of Cell BDP
Level Survey Data

Elevation
Location (feet, project datum)

(S-1) Center sewer manhole 100

(S-2) Overflow weir, S. edge 98.94
Overflow weir, middle 98.94

(S-3) Overflow weir, N edge 98.94

(S-4) Curb corner 100.75

(S-5) Corner of grate 98.12
Pre-existing survey nail (near S-1) 99.62

North curb cut, middle, bottom edge 99.82

South curb cut, middle, bottom edge On site plan in Appendix D

to this document

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 ground water studies. Our sources of information included the following.

e Site-specific documents cited previously under “Project and Site Description.”
e Easterbrook, D.J., Geologic Map of Western Whatcom County, Washington, United States
Geological Survey, Miscellaneous Investigations Map 1-854-B, scale 1:62,500, 1976.
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e Soil Survey of Whatcom County area, Washington, United States Department of Agriculture,
Natural Resource Conservation Service (NRCS), 1992.

e Natural Resources Conservation Service, Web Soil Survey, United States Department of
Agriculture, http://websoilsurvey.nrcs.usda.gov/, accessed September 2016.

e Lake Whatcom Reservoir, City of Bellingham, Washington,
https://www.cob.org/services/environment/lake-whatcom/pages/about-lw.aspx,
accessed September 21, 2016.

e Mitchell, R. et al., Lake Whatcom Bathymetry and Morphology, Institute for Watershed
Studies, Geology Department, Western Washington University, Bellingham, Washington,
October 28, 2010.

5.1 Regional Topography and Project Grading

The project site is situated near the outlet of the Lake Whatcom basin, a glacially scoured bedrock
basin. The lake level is partially controlled by a dam at the head waters of Whatcom Creek and the
maximum regulated lake elevation is about elevation 307 to 312.5 feet NAVD88 (Mitchell, et al.,
2010) or about 7.5 feet below current site grades. Whatcom Creek flows south-southwest from the
lake, and eventually discharges into Bellingham Bay.

On acloserscale, the site is located on a generally level, approximately 1,200-foot-wide peninsula,
and is surrounded by Lake Whatcom to the west, north, and east. Ground surface in the vicinity of
cell BDP ranges from about elevation 320 to 322 feet. The parking lot is sloped to the west toward
cell BDP. The ground surface rises gradually to the south.

Prior to bioretention cell construction, the site existing condition was likely paved drive lane and
parking area. Prior to creation of the park, the site was part of saw mill operations. Cuts on the
order of about 3 feet were needed to achieve the assumed design bioretention cell grade based on
a review of existing topography compared with built conditions.

5.2 Regional Geology and Background Geotechnical Information

According to the geologic map (Easterbrook, 1976), the site vicinity is underlain at shallow depths
by bedrock described as the Chuckanut Formation, which consists of sandstone, conglomerate,
shale, and coal. Limited background geotechnical data was available. Soil logs by GeoEngineers,
Inc. dated May 19, 2003, which reached a maximum depth of 3.2 feet, encountered silty sand with
occasional gravel, and brown silty sand, in two locations on the project site.

The material encountered in the GeoEngineers, Inc. soil logs is considered undifferentiated
sediments for this study. The sediment could consist of undocumented fill used to level the site or
re-worked native colluvium sediments, consistent with soils mapping, described below.
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5.3 Regional Soils and Soil Data Used in Site Stormwater Model

AESI reviewed the Soil Survey of Whatcom County Area (Natural Resources Conservation Service
[NRCS], 1980), and soils mapping from the NRCS web portal (NRCS, 2016). 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 area consist of the Squalicum Urban Land Complex, which is defined as
consisting of approximately 50 percent Squalicum and similar soils, approximately 30 percent urban
land, and approximately 20 percent other minor components. The Squalicum gravelly loam is
described as forming in a mixture of volcanic ash, loess, and slope alluvium over glacial till. The
depth to dense glacial till typically ranges from 40 to 60 inches, but can be greater. Permeability is
moderate (0.6 to 2 inches per hour [in/hr]) in the upper part of the soil, and very slow (less than
0.06 in/hr) in the glacial till.

Squalicum Urban Land Complex and glacial till typically would be modeled as Type C soils.
5.4 Regional Hydrogeology and Background Ground Water Data

Due to the location of the study site on a relatively level peninsula in Lake Whatcom at near lake
level, the level of ground water at the site is likely closely associated with the level of water in the
lake. Average lake elevation is approximately 311.5 feet NAVD88 (Lake Whatcom Reservoir, City of
Bellingham). The lake level is partially controlled by a dam at the head waters of Whatcom Creek
and the maximum regulated lake elevation is about elevation 307 to 312.5 feet NAVD88 (Mitchell,
et al., 2010) or about 8 feet below current site grades.

No background data on ground water was provided although we understand that the existing
monitoring well was monitored by the City of Bellingham. No seepage was encountered in the
background geotechnical explorations. Shallow ground water was measured in the existing
monitoring well (see Section 6.2) at the time of our fieldwork.

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 subgrade. An additional hand-auger boring was
advanced through landscaping bark and topsoil in a landscape planter adjacent to the cell, and into
the native material. Representative samples were collected, visually classified in the field, stored in
water-tight containers and transported to AESI’s offices for additional classification, geotechnical
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testing and study. At the conclusion of the excavation, each borehole was immediately backfilled
with the excavated material.

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 ground water 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 BDP F3, "Facility and Exploration Plan." 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 and near cell BDP were completed on July 29, 2016. No rain was observed
during this time, and no flow was observed from the inlet pipes.

Hand-auger boring number 1 (BDP-HA-1) was completed in the western portion of the cell near the
overflow, and encountered approximately 1.7 feet of bioretention soil, overlaying geomembrane
fabric. Aflap was cutin thisgeomembrane fabric, and beneath it, AESI observed gravel drain rock.
The flap of geomembrane fabric was folded back into place during backfill activities. No seepage or
caving were observed.

Hand-auger boring number 2 (BDP-HA-2) was completed in the landscape beds to the north of the
cell to obtain information to correlate with soils underlying the drain rock beneath cell BDP. This
exploration encountered landscaping bark and topsoil to 0.7 feet below ground surface, and
gravelly, very silty sand with cobbles to a total depth of 2.3 feet below ground surface. The
borehole encountered refusal on a cobble at 2.3 feet.

Hand-auger boring number 3 (BDP-HA-3) was completed near the existing monitoring well. This
exploration encountered bioretention soil to 1.5 feet below ground surface, and geomembrane
fabric at 1.5 feet, covering gravel drain rock.
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6.2 Well Points

Because the existing monitoring well penetrated deeper beneath ground surface than the
hand-auger explorations, no well point was installed. Dimensions of the existing monitoring well
are provided in Table 2, below.

Table 2
Summary of Cell BDP
Existing Monitoring Well Dimensions

Total Length Total Depth Inside | Static Water Level,

Existing of Casing Interior Stickup Height Casing Below Date and Depth
Monitoring Well (feet) Diameter (feet) Ground Surface (feet bgs)
BDP-MW 3.9 6-inch 0.3 3.6 7/29/16: 2.6 feet

9/2/16: 2.0 feet
9/6/16: 2.2 feet

bgs: below ground surface

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. Two samples of bioretention
soil were 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 Washington State Department of Ecology (Ecology) 2014 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 BDP
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*
BDP-HA-1 0.1-0.6 | Bioretention 5.8 SAND (SP) 1.0% 3.7 | 1.0 Sand
Soil
BDP-HA-3 0.7-1 | Bioretention 4.8 SAND (SP) 0.4% 34 | 13 Sand
Soil
BDP-HA-2 0.8-1.3 Undiffer- Not Gravelly, very 30% 100 | >20 | Sandy clay to
entiated tested silty SAND sandy loam
Sediments (SM)

USCS: Unified Soil Classification System; Cu: coefficient of uniformity; Cc: coefficient of curvature; USDA: US 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 4.8 to 5.8 percent by weight.
This is below or in the low range of 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” based on ASTM D2487 USCS. The respective fines content as
measured on the No. 200 sieve ranged from approximately 0.4 to 1 percent, consistently less than
the recommend range of 2 to 5 percent. The coefficient of uniformity ranged from 3.4 to 3.7,
consistently less than the recommended value of equal to or greater than 4. The coefficient of
curvature ranged from 1.0to 1.1, consistent with the recommended range of greater than or equal
to 1 and less than or equal to 3. The soil mix generally did not meet (contained less than) the
recommended range of fine sand and silt fractions. The tested bioretention soil was predominantly
medium-grained sand.

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

Recommended
Parameter Range BDP

Organic Content (by weight) 5 to 8 percent 5.3 percent by weight
Cu coefficient of uniformity 4 or greater 3.5
Cc coefficient of curvature 1to3 1.1
Sieve Size Percent Passing

3/8” (9.51 mm) 100 100

#4 (4.76 mm) 95 to 100 98

#10 (2.0 mm) 75 to 90 81

#40 (0.42 mm) 25 to 40 14

#100 (0.15 mm) 4to010 2.2

#200 (0.074 mm) 2to5 0.7

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

7.2 Subgrade

One sample of material collected from BDP-HA-2 interpreted as representative of the subgrade was
sieved. The tested material correlates to a gravelly, very silty SAND with 30 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 United States Department of
Agriculture 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
United States Department of Agriculture fines content as measured on the No. 270 sieve after
adjusting to remove the weight retained on the #10 sieve was 41 percent.

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 hose bib, and conveyed to the test area with
garden 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 into the southern inflow for the facility. Water levels were monitored using a
temporary metal staff gauge marked in 0.02-foot increments which was installed next to the
monitoring well for the duration of the test, within the monitoring well 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 BDP 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 BDP

AESI performed infiltration testing of cell BDP on September 2, 2016. Rainfall was noted during the
beginning of the infiltration test, and flow from both inflows was observed. AESI visually estimated
flow from the inflows as approximately 5 gpm from the southern inflow, and approximately 2 gpm
from the northeastern inflow. These flow rates were observed to decrease with time, and no flow
from rainfall in either inflow was observed during the final 3.5 hours of testing. Upon arrival to the
site, prior to the start of testing, AESI noted that leaf litter was collected in the southern inflow, and
approximately half of the stormwater channeled to the southern inflow was instead flowing to the
roadway (Photo 1). When AESI removed the collected leaf litter from the inflow, the bypass flow to
the roadway ceased, allowing additional inflow.
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During this test, flow was maintained for approximately 7
hours. For the initial 3.5 hours, as described above,
additional inflow from stormwater runoff flowed into the
facility. Controlled inflow was added to the facility at the
maximum rate possible with the on-site water source,
approximately 4.2 gpm. During the latter half of the test,
the wetted pool was approximately 17 square feet near
the inflow, in the eastern chamber of the cell. Head
within this wetted area was typically less than 0.5 inches.
No pooling of water on the surface of the base of the
raingarden was observed other than this wetted area near
the inflow, and the staff gauge in place for the infiltration
test adjacent to the monitoring well was never wetted.

Photo 1. Cell BbP, southeastern inlet
clogged with leaves. Some water bypass
During the test the ground water level (as measured in  toward Electric Avenue. 9/2/16.

BDP-MW) beneath the facility rose slowly from 2.0 feet

below ground surface (before inflow for the test began) to 1.1 feet below ground surface as the
constant head phase of testing was completed. AESIinterprets this response to indicate that water
from the infiltration test infiltrated rapidly through the bioretention soil and then mounded on the

shallow ground water present beneath the site.

After about 7 hours, AESI shut off the flow and monitored water level within the monitoring well as
it fell. AESI observed thatthe water in the monitoring well dropped about 0.3 feetin 30 minutes. A
digital pressure transducer was left in the monitoring well to record the falling water level, and was
retrieved 4 days later. The pressure transducer recorded the water falling at a slowly decreasing
rate by a total of approximately 1.2 feet over the course of approximately 85 hours after testing,
before rapidly increasing again due to a storm event.

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.

Table 5
Cell BDP
Infiltration Test Results
Surface Total Approximate Field Infiltration Rates
Area Discharge Volume Constant
(square Time Discharged Head Level | Constant Head Falling Head
Test No. feet) (minutes) (gallons) (feet) Test (in/hr) Test (in/hr)
BDP 17 420 1,655 <% inch ~25 Not measured
(bioretention
soil)
BDP Shallow ground water mounding Unknown
(subgrade) response in well point

in/hr: inches per hour
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9.0 CONCLUSIONS AND RECOMMENDATIONS

The bioretention cell at the BDP site varied somewhat from the design shown on the civil plan
sheets. Variations included the following:

e Bioretention soil

0 Thickness: Cell BDP within the three western chambers generally contained
18 inches of bioretention soil, consistent with the planned 18 to 24 inches.
However, the eastern chamber contained angular concrete blocks near the inflows,
buried in the bioretention soil. This may have been intended for energy dissipation
purposes, but is not displayed on plan sheets.

0 Composition: The soil tested in cell BDP did not meet the recommended guidelines
for silt and sand gradation. The soil tested was at the low end of the recommended
range for organic content.

e Internal cell weirs: The internal cell weirs were not in contact with the ground for
significant portions of their length so that ponded water can flow under the boards. This
limits the effectiveness in erosion and flow control.

e Subgrade conditions: The subgrade conditions are unknown due to refusal of hand augers
within the cells. The hand auger completed outside of the cell and historic site data were
used to interpret the subgrade; however, the information was not enough to adequately
determine whether the subgrade was undocumented fill or native sediments. Additional
excavation equipment would be necessary to adequately characterize the subgrade.

e The field infiltration rate was measured at about 25 in/hr, and is interpreted as the
bioretention soil infiltration rate.

e Shallow ground water is present in the location of the BDP facility as measured in the
monitoring well. AESlinterprets that the infiltration test water soaked rapidly through the
bioretention soil and mounded on the underlying shallow water table, then dissipated both
laterally and vertically as shallow ground water flow. The relationship between inflow and
shallow ground water mounding will be better approximated after reviewing the planned
flow monitoring data and winter water level data.

e During infiltration testing, the water level within the existing monitoring well responded
rapidly to inflow. This is consistent with the well screen intersecting bioretention soil and
drain rock layers. The lag time in response to start of inflow and stop of inflow was less
than 1 minute.
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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.

S

Anton’(prﬁa
Staff Geologist
r S/ e Jennifer H. Saltonstall
( //_“ . /“/,\ A{'
N LT — ] {\\;
Curtis J. Koger, L.G., L.E.G., L.Hg. Jennifer H. Saltonstall, L.G., L.Hg.
Senior Principal Geologist/Hydrogeologist Senior Associate Geologist/Hydrogeologist

Attachments: Figure BDP F1: Vicinity Map
Figure BDP F2: LiDAR-Based Topography
Figure BDP F3: 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 Ground Water 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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R PREVAIL. CONTACT THE UTILITY OWNERS FOR LOCATIONS AND TO NOTIFY THE
® ENGINEER PROMPTLY OF ANY CONFLICT. THE ONE—CALL NUMBER FOR
Sand Specification: i ALL TRENCH EXCAVATIONS CROSSING EXISTING PAVEMENT SHALL BE UNDERGROUND UTILITIES IS: 1-800—-424-3555.
/@ CONDUCTED IN ACCORDANCE WITH BELLINGHAM STANDARD PLAN ST-3.
. i gl THE CONTRACTOR SHALL BE RESPONSIBLE FOR MAINTAINING THE
The sand in a filter must consist of a medium sand / o ALL TRENCH EXCAVATION SHALL BE ACCORDING TO SECTION 7-08 INTEGRITY OF ADJACENT UTILITIES WHICH MAY INCLUDE, BUT ARE NOT
meeting the size gradation (by welght?. o v OF THE STANDARD SPECIFICATIONS. LIMITED TO, WATER, SEWER, STORM SEWER, POWER, TELEPHONE, CABLE
US. Sieve Number Percent Passing v g TV, GAS, IRRIGATION, AND STREET LIGHTING.
4 95-100 g v THE BEDDING SHALL BE ACCORDING TO SECTION 7—08 OF THE
8 70-100 % STANDARD SPECIFICATIONS. THE BEDDING FOR PVC PIPE SHALL BE PEA THE CONTRACTOR SHALL NOTIFY RESIDENTS AND BUSINESSES 48 HOURS
6 GRAVEL, ACCORDING TO CITY OF BELLINGHAM STANDARD PLAN NO.SE—4. IN ADVANCE OF ANY WORK AFFECTING ACCESS OR SERVICE AND SHALL
40-90 FLYNN / MINIMIZE INTERRUPTIONS TO DRIVEWAYS FOR RESIDENTS AND BUSINESSES
30 25-75 \q ADJACENT TO THE PROJECT.
50 o005 . / % ALL TRENCH BACKFILL UNDER EXISTING OR FUTURE PAVING SHALL BE
100 4 BANK RUN GRAVEL FOR TRENCH BACKFILL AND SHALL BE COMPACTED PUBLIC RIGHTS—OF—WAY SHALL BE KEPT IN A CLEAN AND SERVICEABLE
200 © - TO 95% OF MAXIMUM DENSITY. CONDITION AT ALL TIMES. IN THE EVENT MATERIALS ARE INADVERTENTLY
TRENCH EXCAVATIONS SHALL NOT BE LEFT OPEN OVERNIGHT. DEPOSITED ON ROADWAYS, THE MATERIAL SHALL BE PROMPTLY REMOVED.
VICIN | Y M AP CONNECT CONSTRUCT 0 EXISTING HOWN PLANS MATERIALS ARE TO BE SWEPT AND REMOVED WITH A VACUUM SWEEPER.
ECT NEW ION T : NG AS S ON THE PUBLIC AND PRIVATE DRAINAGE WAYS SHALL BE PROTECTED FROM POLLUTION.
Drain Rock Specification: OR AS DIRECTED BY THE ENGINEER. NO MATERIAL IS TO BE DISCHARGED TO OR DEPOSITED IN STORMWATER
PLUG ALL CULVERTS, SEWERS, AND CONDUITS PRIOR TO ABANDONMENT. gEiTLmSSTT'ZQBA%YS RESULT IN VIOLATION OF STATE OR FEDERAL WATER
Sieve Number Percent Passing PLANTS ALL LAWN AND VEGETATED AREAS WILL BE RESTORED TO ORIGINAL CONDITION.
1 S'quare 100 oU " THIS PROJECT REQUIRES VARIOUS PERMITS AS OUTLINED IN THE SPECIFICATION THE CONTRACTOR SHALL BE RESPONSIBLE FOR CONSTRUCTING, MAINTAINING, &
3/4 Square 80-100 PLANTS QUANTITY o REMOVING EROSION CONTROL MEASURES (SILT FENCE, STRAW BALE DAMS, SILT
3/8" Square 10-4D 1 GALLON/EACH R R ONNGE WiTH s SP"E‘,‘?LN';ITBEREZETRFSSQE% IN A MANNER TO PONDS, CATCH BASIN FILTERS, ETC.) THROUGHOUT THE DURATION OF THE PROJECT.
US. Noa @ . ALL EROSION CONTROL WORK IS CONSIDERED INCIDENTAL TO THE ITEMS OF WORK
9. NO. * HARDHACK (SPIREA DOUGLASI) 20 THE CONTRACTOR SHALL ATTEND PRE—CONSTRUCTION CONFERENCE WITH IN THE CONTRACT FOR THIS PROJECT.
U.S. No.200 2 THE CITY OF BELLINGHAM ENGINEERING DIVISION PRIOR TO BEGINNING
CONSTRUCTION. THE CITY OF BELLINGHAM WILL PROVIDE ALL CONSTRUCTION STAKING FOR
*3%_* THIS PROJECT.
Geomembrane Specilication: JE#"  NOOTKA ROSE (ROSA NUTKANA) 20
Non-woven Geotextile for underground drainage ‘&Mﬂ
ey o 9 | 2,  KINNKINNICK (ARCTOSTAPHYLOS UVA-URSI 3 STORM NOTES EROSION CONTROL NOTES
Grab Tensile (lbs) 200 BEDDING AND BACKFILL FOR PVC STORM MAIN PIPE SHALL CONFORM TO THE CONTRACTOR SHALL BE RESPONSIBLE FOR THE INSTALLATION,
- BLACK TWINBERRY (LONI UVA INVOLUCRATA) 20 STANDARD PLAN SE—4. MAINTENANCE AND REMOVAL OF ALL EROSION CONTROL MEASURES
Elongation (%) 50
Tear (Ibs) 85 (SILT FENCE, STRAW BALE DAMS, SILT PONDS, ETC., AS DIRECTED BY
ear THE CONTRACTOR SHALL BE RESPONSIBLE FOR MAINTAINING EROSION THE ENGINEER) THROUGHOUT THE DURATION OF THE PROJECT.
Puncture (lbs) 110 Nz HUCKLEBERRY (VACCINIUM OVATUM) 20 CONTROL MEASURES (SILT FENCE, STRAW BALE DAMS, SILT PONDS,
AOS (sieve) 80 ‘f/}/\{\i ETC., AS DIRECTED BY THE ENGINEER) THROUGHOUT THE DURATION OF IN THE EVENT MATERIALS ARE INADVERTENTLY DEPOSITED ON ROADWAYS,
Permittivity (sec-1) 14 THE PROJECT. THE MATERIAL SHALL BE PROMPTLY REMOVED. MATERIALS ARE TO BE SWEPT
y ' AND REMOVED PRIOR TO ANY STREET FLUSHING. PUBLIC AND PRIVATE
Permeability (cm/sec) 0.38 SNOWBERRY (SYMPHORICARPOS ALBUS) 15 DURING CONSTRUCTION PLACE CB INSERTS UNDER ALL EXISTING AND DRAINAGE WAYS SHALL BE PROTECTED FROM POLLUTION. NO MATERIAL IS
Water Flow (gpm/ft2) 90 PROPOSED CATCH BASIN GRATES WITHIN THE PROJECT SITE. TO BE DISCHARGED OR DEPOSITED IN STORMWATER SYSTEMS THAT MAY
Thickness (mi)) 85 RESULT IN VIOLATION OF STATE OR FEDERAL WATER QUALITY STANDARDS.
PLANT LOCATIONS TO BE DETERMINED ON SITE BY PLANNING OR PARKS STAFF. IN THE EVENT MATERIALS ARE INADVERTENTLY DEPOSITED ON ROADWAYS,
THE MATERIAL SHALL BE PROMPTLY REMOVED. MATERIALS ARE TO BE SWEPT
AND REMOVED PRIOR TO ANY STREET FLUSHING. PUBLIC AND PRIVATE ALL CATCH BASINS WITHIN THE PROJECT LIMITS SHALL BE CLEANED OUT
DRAINAGE WAYS SHALL BE PROTECTED FROM POLLUTION. NO MATERIAL IS AT THE COMPLETION OF THE PROJECT AND ANY MATERIAL REMOVED SHALL
70 BE DISCHARGED OR DEPOSITED IN STORMWATER SYSTEMS THAT MAY BE PROPERLY DISPOSED OF. IN ADDITION, INLET PROTECTION MUST BE
L E G E N D RESULT IN VIOLATION OF STATE OR FEDERAL WATER QUALITY STANDARDS. PROVIDED FOR ALL EXISTING CATCH BASINS DURING CONSTRUCTION.
ALL CATCH BASINS WITHIN THE PROJECT LIMITS SHALL BE CLEANED OUT
AT THE COMPLETION OF THE PROJECT AND ANY MATERIAL REMOVED SHALL DURING ANY DITCH, CREEK & DRAINAGE WORK WATER SHALL BE DIVERTED
EXISTING PROPOSED EXISTING PROPOSED BE PROPERLY DISPOSED OF. IN ADDITION, INLET PROTECTION MUST BE AROUND THE PROJECT WITH A PUMP OR OTHER ADEQUATE METHOD
PROVIDED FOR ALL EXISTING CATCH BASINS. CB INSERTS OR ACCEPTABLE APPROVED BY THE ENGINEER.
RIGHT OF WAY LINE -_—— UNDERGROUND POWER ————P-——— ALTERNATIVE CAN BE USED. ANY MISCELLANEOUS DRAINAGE FOUND WILL BE REQUIRED TO BE REMOVED
OR CONNECTED TO THE NEW DRAINAGE SYSTEM WITH THE DIRECTION OF
PROPERTY LINE UTILITY POLE ° - DURING ANY DITCH, CREEK & DRAINAGE WORK WATER SHALL BE DIVERTED THE ENGINEER.
CENTER LINE } _ SIDEWALK AROUND THE PROJECT WITH A PUMP OR OTHER ADEQUATE METHOD
WATER MAIN ) URS & GUTTER APPROVED BY THE ENGINEER. NO EARTHWORK, INCLUDING CLEANING OF VEGETATION, GRADING FILLING,
C EXCAVATION OR TRENCHING OF SOIL OR EARTH MATERIALS THAT WILL
e soce v e o e A MISCELLANEOUS DRATAGE FOUND. Wi B EQUIED T B REwoVeD RESOIT N A EXFOSED ExT ARER LA CXCEEOS 500 ST S
E AVEMEN THE ENGINEER BE PERMITTED FROM OCTOBER 1ST THROUGH APRIL 30TH.
WATER VALVE ® ® e '
FDGE OF GRAVEL/DIRT —_—— STORMWATER PERMIT & EROSION CONTROL PLAN TO BE SUBMITTED BY STABILIZE SOILS— ALL EXPOSED AND UNWORKED SOILS SHALL BE
FIRE HYDRANT S - WHEELCHAIR RAMP ~Jl- =11 7 : STABILIZED BY APPLICATION OF EFFECTIVE BEST MANAGEMENT PRACTICES,
SN THE CONTRACTOR. CONTRACTOR SHALL SUPPLY DETAILS ON CONSTRUCTION
TIMING, HAUL ROUTES AND CONSTRUCTION ENTRANCES, AND GROUND THAT PROTECT THE SOIL FROM THE EROSIVE FORCES OF WATER & WIND
SANITARY SEWER MAIN s BUILDING LNE ~  — — — — — STABILIZATION. EROSION. NO UNWORKED SOILS SHALL REMAIN EXPOSED FOR MORE THAN
SANITARY SEWER SERVICE ————s ———— TREE LINE A A AN SEVEN (7) DAYS.
BEDDING AND BACKFILL FOR PVC STORM MAIN PIPE SHALL CONFORM TO
STORM SEWER MAIN D FENCE LINE y . STANDARD PLAN SE—4. SAWCUTTING— SLURRY AND CUTTINGS SHALL BE VACUUMED DURING CUTTING
AND SURFACING OPERATIONS. SLURRY AND CUTTINGS SHALL NOT REMAIN ON
STORM SEWER SERVICE =~ -———- D-———~ WALL LINE (ROCK) croaoco CeOR PAVEMENT OVERNIGHT.
SEWER MANHOLE O ® WALL LINE ——ww— NO EARTHWORK, INCLUDING CLEARING OF VEGETATION, GRADING, FILLING,
STORM MANHOLE &) ® EXCAVATING OR TRENCHING OF SOIL OR EARTH MATERIALS, THAT WILL RESULT
SHRUBS 8 2 IN AN EXPOSED SOIL OR EARTH AREA THAT EXCEEDS 500 SQUARE FEET SHALL
CATCH BASIN o ] BE PERMITTED FROM OCTOBER 1st THROUGH APRIL 30th WITHIN THE SILVER
CULVERT . TREES % % % O %Zé | \_ BEACH NEIGHBORHOOD, EXCEPT ARFAS 11 AND 15. Y,
DRAINAGE DITCH
CREEK RIP RAP o o s \
e MOUUNE e SHEET INDEX . .
GAS SERVICE o JUNCTION BOX TYPE | = = City of Bellingham
UNDERGROUND TELEPHONE T LUMINAIRE —xX X 1-COVER SHEET APPROVED
o = o— 2-PLAN/PROFILE PARKING LOT/ LAKE FRONT | s Drowi:
MONUMENT ® - oz
SILT FENCE EEEEEEEEEEEEEE 3-PLAN/PROFILE PARKING LOT / ELECTRIC AVE. By RSW Date: 02—23—07
- SHEET
SAND BAG CHECK DAM O ErRes 3/4/0% ] L 4-PLAN/PROFILE INTERSEC. ALABAMA ST. / ELECTRIC AVE.) 1 e
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, 12712712
3+ , e S
o TS :
BARRIER S
OVERFLOW CURB (SEE DETAIL) §§ _L _ "
TO LAKE CURS CUT SEE PLAN L | existing 4 1 ot _'__\_ 6” PAVEMENT —_—
—— WHATCOM q.6 . W < 6" A < 18 |< f — — 2o 6/x12" PRECAST $TORMFILTER ‘A’
oSS - , T B . e WU U I @ AP —_— ] >
RIS 7, B===— L s \ } — T\ £ TOP EL. 319:05
- s 0% oF gip INY 8" IN 34730
KL A A L L VY VSIS 4
%18 MIN/24" MAX AMENDED' SOILY/7 /4% 2" MIN. AC. OVERLAY \ [T \S 2 PIPE g — INV 870 OUT 3t5:60 Pos o 8% Bt PIPE @ 0-25%—
SR QTS TREEMENT ARED % 12" — ) Rl — TZ9%
N A A 5 . 320 284 —_
///_///x/ 0 0000005040, //\\jl 7" MIN. ASPHALT TREATED EXISTINGICB RIM 323.51 \\ 1
X 26" DRAN_RO X BASE CLEANOUT INV 4 (W) 322.21 i — — 38 LF PVC
3 COMPACTED SUBBASE (TYP)‘& CURB CUT DETAILS BARRIER CURB DETAIL INV. 8" (NE) 322.21 — — — 73 OF|8"¢ SB PIPE @ 2:57%
(SEE C.0.B. DWG ST—3) \ 4 IF l— +— /[
GEOMEMBRANE / i P 4~ OF 8”4 DI PIPE @ 0-50% il ] — —th—
FABRIC / 1 : | \ S —— — S I
INFILTRATION S { } / W gl [
SECTION A- A 50' OF ¢ PERFORATED "\ | | LAKE WHATCOM ¢8It TYPE-1L
VC PIPE @ 0.00% AT i Nt
EE SHEET 3 og 4 ILSF§ i I/ 310 RIM [EL. 278 (SOLID LD)
/@ | i INV [478 (N) 3+4:56
- 5 Pl C.B 42 TYPE_2 4870 INV.| 8" (NE) 3+4-84
\ 3 f Jj i STA 35— A (O+D9) EXISTING CB RIM 314.29
g i ! RIM EL. B+9:6+ INV 4" PVC (N) 312.99
6'¥12' PRECAST { | , . INV. 89| (SWNE&S) 437~ INVI 4" PLASTIC (W) 312.96
& STORMFILTER "A LOG BOOM BOTTOM [EL. 3+3-37 INV. 4” CONC (H) 312.96
CRB #2 TYPE—-% 48" 2
ol
//7(’ 0, .
\ \ & 7 g DATUM ELEV
\ v C.B #1 TYPE-IL . 300.00
\ \ 3= WITH 3 SHUTOFF o o ) o o ~ o N 0 N 0 0
" 7o} M) M [} o (o)} ™~ ~ © 1o} o Lap)
8”6 CLEANGUT g9 PYC ONCRETE VALVES > > > > S 5 2 3 5 5 5 5
79 LF 0 CURE /?%/0%45[5 SECTION OF FENCE
O
fi@@ 2 - 0+00 0+50 1400 1450 2+00 2+50
\fb o\ =" ASPHAN BERM 2° WIDE x 3" HIGH
57048 e 0 o NORTH EDGE DRAINAGE
¥ DRAWAGE TO RAIN GARDEN)
4\TYPE-1 \ RAIN GARDEN.
CURB CUT (TYP) 3 LF
o \ SEE DETAIL BEGIN TRANSITION FROM o / —F|0F 8'¢ DI PIPE@
FULL HEIGHT CURB TO 3 1.) STORMFILTER BY STORMWATER MANAGEMENT
320 : ;
\ g OVERFLOW CURB I _ __ — PORTLAND, OREGON (503—240—-3393).
\ 11 T e l I [
4 i 40 [k l 2.) ALL STORMFILTERS REQUIRE REGULAR
) } DIREC OF A ||[ 3 dF 872 DI ||| 114> OF 818 DI PIPE @ 0-25% MAINTENANCE. REFER TO OPERATION AND
ASFPIALR BERM 2~ WIDE\x S5 OVERFLOW (TYPY_ / \f PIPE| @ 6:25% 709 LF MAINTENANCE GUIDELINES FOR DETAILS.
HIGH (CONTROLS AND DIRECTS s -~ <5 T cE 5 TPES
DRAINAGE O CATCH BASINS). / X / B # re — STA G 45 C.B #5 TYPE-1 3.) PRECAST CONCRETE VAULT TO BE
‘ \ \ 5 RS,'M* EeL' 24863 RIM EL. 3+8-9+ STAH+60- CONSTRUCTED IN ACCORDANCE WITH ASTM C858.
myl vl ” RIM EL. 31934+
INV 8”¢ (SW) 31737 |INV 878 (SW) 3t745" | g
\ / \/ FOLL HEIGHT CURB 10 W S INV 8”8 (SW) 3774 4.) INLET AND OUTLET PIPING TO BE SPECIFIED
DOUBLE SIDED X/ / OVERFLOW CURB 310 C.B #2 TYPE—2 48”9 BY ENGINEER AND PROVIDED BY CONTRACTOR.
\ INTERPRETIVE SIGN STA—6+02{1+35—e—6/
RIM E—3t96+ 5.) ANTI-FLOATATION BALLAST TO BE SPECIFIED
INV. 8°¢ (SW,NE&S) 3t7:377 BY ENGINEER. BALLAST TO BE SET ALONG
BOTTOM EL.| 3337 ENTIRE LENGTH OF BOTH SIDES OF VAULT.
RIALS TO BE PROVI
4 DATUM ELEV ggﬁ%ﬂ(}%ﬁ? ot PROVDED BY
________ K 305,00
! o © o o o o "? ¥ = 6.) PRECAST STORMFILTER EQUIPPED WITH
7 2 o = 2 2 2 2 2 - KNOCKOUTS AT ALT. INLET/OUTLET LOCATIONS.
\ l ™ i " " " " " i CORINGS AVAILABLE WHEN SPECIFIED.
"""" 110 \ 7.) DETAIL REFLECTS DESIGN INTENT ONLY.
\ ﬁ\ \/ ‘3\5 0+00 0+50 1400 1+30 ACTUAL VAULT DIMENSIONS AND CONFIGURATION
————————— ] PARKING LOT DRAINAGE WILL BE SHOWN ON THE PRODUCTION SHOP
CB #5 TYPE-T DRAWING.
\ * STA 1+66\@ c/L
____*____,_H_ BALLAST (SEE NOTE 5) KNOCKOUT (TYP)
? FOR ALTERNATE 6” 612 TOP WITH 3660P ALY DIAMOND PLATE
INLET PIPE (SEE NOTE 6 AND (2) 24”x4” MANHOLE
( """"""" T . 4 ( ) FRAMES AND CO\IERS\ / TORSION DOOR
PRECAST . ) . ) 'A“ ] T@:@ l‘-. I ] “'.. i
— | T ik '
VAULT ' =1 , ~a : ’
.4 ‘ - - .
\ —————————— 1N N0 7)) ////////% ‘ A | <PREADEN STORM FILTER :
A0 A Qs 7//1311%(1@'17//111(%113»17//»11g{;/,uy : , S CARTRIDGE (TYP) .
NI LS PR N A A T f o |- ~ (TYP)
””””””” . d: “H ]
% 16 0000\ ¢ 7)) Lt . :
NI 2 N 77 Wi 4.46
[EXPRES: 3/4/ 0% I—-—()l r{/////.nau/éz,...,,;zumx//zsn%uy i —| N
| SHE - S A/ Al ~H-0 _
/— “““““““ } k / 2’ CARTRIDGE BAY e 1'-8” 1l 2-=107|%
y l \ ourer e | 4pumer| | a| INLET PIPE | | IR
. Kj J \ (SEE NOTE 4) BAY ~fr .| (SEE NOTE 4) 1 i i T = T A g
2 \ T R A ST A R
/\ . . 12" a- 1 . \
City of Bellingham WA - = _ F——= - 3 PIPE MANIFOLD (TYP) j
K ~_ % ST, 4 A ‘A;'J > ENERGY DISSIPATOR ’
( \ N APPROVED d - ' BAFFLE WALL (TYP)
\ ™~ \@ Record Drawing , , ™
N\ \ \ By _RW . Date: SCALE: NT.5
\ SCALE: N.T.S 1
4
3 PROJECT ENGINEER K.N.C. DIR. PUBLIC WORKS R.E.M. CITY OF BELLINGHAM, WASHINGTON SCA:LE ’ DATUM Job. No._EV—0020 NORTH SHORE WATER QUALITY PROJECT SHEET OF
2 DESIGNED/DRAWN D.F.O. CITY ENGINEER RAR. PUBLIC WORKS DEPARTMENT Horiz. _1 =20 Date __07/07/03 2
03.76.0¢4| 1 | RECORD DRAWING DFO n o CITY : PARKING LOT - LAKE FRONT 4
[ Date [No Revision By ]| INSPECTOR OPER. ENGINEER LLR. ENGINEERING DIVISION Vert _1"=5 Field Bk.
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7
A KNOCKOUT (TYP) GENERAL _NOTES
BALLAST (SEE NOTE 5) OR ALTERNATE
) ) o / INLET PIPE (SEE NOTE 6) 1) STORMFILTER BY STORMWATER MANAGEMENT,
50 30 | SD MH = Y PORTLAND, OREGON (503-240-3393).
N ) "< a4 qe;
f E | Ny S aa N\ A\ o conGRETE U Sy A s 2.) ALL STORMFILTERS REQUIRE REGULAR MAINTENANCE.
! I ' R0 ol VAULT = B e T s - ASEEEE REFER TO OPERATION AND MAINTENANCE GUIDELINES
! i & TaLL 0 Z|3 CLEANOUT L 'l : , :
5 | E CHAINLINK FENCE gﬁw M3H21 T o !:(_/% PR / (TYP) A : ah 0000 D) y{{/ﬁ/{%,‘(%{/{/& AR ——1;" ' A FOR DETAILS.
. . - \ = . L Z AN ,,/ INL -
[ e ¥ i i T oA A RS S, e oo o
: E INV E 315'22 - g ’I 19 Qll @""{//14//4/1/’%11(7/{/(1/"/{//% '
! - ! ) _ - - {///,a .,..2’/& % v/%
= g, , e > e [T - HlOMEER B g B BT
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i
1 INVE @ BOI 'ONJ 321.12 50° OF 4”¢ PERFORATED PVC PIPE OUTLET PIPE .4 PUTLET 4| INLET PIPE 5.) ANTI-FLOATATION BALLAST TO BE SPECIFIED BY
1| OF 90" ELBOW | NV E @ TOP OF SD_CB ® 0.00% AT 6' C/C (SEE NOTE 4) LA A D R A DN A \ | (SEE NOTE 4) ENGINEER. BALLAST TO BE SET ALONG ENTIRE LENGTH
7 i_ DOWN 3184b 90° ELBOW UP T / RIM 318.12 . ° QLI {x\\‘(@ﬁ%\’smN((SH%III.\\VOEH%\S1!(&\‘!!3&!% . OF BOTH SIDES OF VAULT. BALLAST MATERIALS TO BE
e ! 5 31912 — 4 INV-W 315.57 A NIFANNMANNMNPANN . PROVIDED BY CONTRACTOR.
! | INV E 317.9 ZZ INV'S 315.32 ST T s ———a
l { INV-W 318.12 _ OVIDE 4"8 PVC NV N 31527 T, o 4 o 6.) PRECAST STORMFILTER EQUIPPED WITH KNOCKOUTS
g AWN SHUTOFF VALVE REMOVE_AND REPLACE EXISTING < 4 o _ VAVLEﬁngplé\l&léles/l)OUTLET LOCATIONS. CORINGS AVAILABLE
, Ho A FOR EACH PERF LINE g&TCEll BBA;Sér\%leTH 48"¢ C.B. TYPE-2 . |
| | I /&% 6°x12° PRECAST STORMFILTER"— PLAN VIEW m 7.) DETAIL R
[ I 3’ EX. INV. 8¢ PVC (W) 315.57 J) L REFLECTS DESIGN INTENT ONLY. ACTUAL
L. | / OGIEE ™ CANCRETE_CURB—\ EX. V- 8o PV (Sg 1957, SCALE: N.T.S 1 VAULT DIMENSIONS AND CONFIGURATION WILL BE SHOWN
0 D i voam? . . (SE) 315.
GRAPHIC SCALE i 6'x12° PRECAST » ON THE PRODUCTION SHOP DRAWING.
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t | ) } N A e e S A N e - 6" WATERED). HYDROSEED OR REPLACE
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I & s’ | HIGH (CONTROLS AND DIREC 4"¢ PERFORATED PVC PIPE :
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] i
i 1 s
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RIM 320.98 4% :
RN P 10 T N B R e A N N INFILTRATION TRENCH DETAILS
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REMOVE AND REPLACE EXISTING
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CATCH BASINS AS DIRECTED CATCH BASIN WiTH 487¢ C.B. TYRE"2
BY ENGINEER, MAX 10.0% EX. INV. |8"8 PVC (W) 315.57
EX. INV. 6”8 PVC (SE) 315.32
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APPENDIX B

Current Study Exploration Logs and
Laboratory Testing Data



Cell BDP

Exploration Latitude and Longitude

Associated Earth Sciences, Inc.

Kirkland, WA

Bioretention Hydrologic Performance Study

Exploration Latitude Longitude

BDP-HA-1 48.76025 -122.42065

BDP-HA-2 48.76030 -122.42059

BDP-HA-3 47.76024 -122.42658
Appendix B

Project No. KH150387A



\associated

Exploration Log

' earth sciences Project Number Exploration Number Sheet
<~ incorporated KH150387A BDP-HA-1 10f1
Project Name Bioretention Hydrologic Performance Study 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
= o 5 g z %
3 8 |29 =|0|©
= g2 =338 Blows/Foot P
2 |s| £ 8§ =g|s 3 5
g 7 8 00 §5m =
DESCRIPTION o= 10 20 30 40 S)
S Bioretention Soil Mix
Surface: leaf litter
- | Loose, slightly moist, dark brown, SAND, trace silt; organics present; mostly
| medium sand (~62 percent) (SP).
Geomembrane fabric over drain rock.
p o Drain Rock
©  °L Loose rounded gravel (~1 to 1.5 inches) (GP).
Bottom of exploration boring at 1.8 feet
Refusal due to caving gravel. No seepage.
Note: Encountered geomembrane fabric at 1.7 feet. Cut and folded back a
flap of material. Replaced flap of material during backfill.
Sampler Type (ST):

m 2" OD Split Spoon Sampler (SPT)
DD 3" OD Split Spoon Sampler (D & M)
Grab Sample

AESIBOR 150387BDP.GPJ October 24, 2016

D No Recovery M - Moisture
] Ring Sample Y Water Level ()

Logged by:

ADY

Approved by: JHS

Shelby Tube Sample Y Water Level at time of drilling (ATD)




\associated

Exploration Log

' earth sciences Project Number Exploration Number Sheet
<~ incorporated KH150387A BDP-HA-2 10f1
Project Name Bioretention Hydrologic Performance Study 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
= (%)) (&) S g H %
LS =0 =|0|©
p= 3 &€ =32 g Blows/Foot s
2 s £ g5 £25 s 5
s Taé P 3= 5
DESCRIPTION 10 20 30 40
Landscaping bark / Topsoil
Surface: landscape bark
Loose, slightly moist, brown, SAND, trace silt; organics present; mostly
medium sand (~62 percent) (SP-SM).
Undifferentiated Alluvium
Medium dense, slightly moist, grayish brown, gravelly, very silty SAND;
cobbles (5 inches) present (SM).
Bottom of exploration boring at 2.3 feet
Refusal on cobble. No seepage. No caving.
Note: Completed adjacent to cell BDP.
Sampler Type (ST):
m 2" OD Split Spoon Sampler (SPT) D No Recovery M - Moisture Logged by:  ADY
1] 3" oD spiit spoon sampler 0 & M) ] Ring Sample V' Water Level () Approved by: JHS

Grab Sample

AESIBOR 150387BDP.GPJ October 24, 2016

Shelby Tube Sample Y Water Level at time of drilling (ATD)




\associated

Exploration Log

' earth sciences Project Number Exploration Number Sheet
<~ incorporated KH150387A BDP-HA-3 10f1
Project Name Bioretention Hydrologic Performance Study 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
= n |5 S g R %
e = 9 = ©
P 3 &€ 53|d 2 Blows/Foot 2
5 |S| E 85 =25 3 5
8 |7 & oo & g £
(@]
DESCRIPTION 10 20 30 40 o
Bioretention Soil Mix
Surface: sand, leaf litter
Loose, slightly moist, dark brown, SAND, trace silt; organics present; mostly
medium sand (~70 percent) (SP).
Geomembrane fabric interpreted as covering drain rock.
Bottom of exploration boring at 1.5 feet
No seepage. No caving.
Sampler Type (ST):

m 2" OD Split Spoon Sampler (SPT)
DD 3" OD Split Spoon Sampler (D & M)
Grab Sample

AESIBOR 150387BDP.GPJ October 24, 2016

D No Recovery M - Moisture
] Ring Sample Y Water Level ()

Logged by:

ADY

Approved by: JHS

Shelby Tube Sample Y Water Level at time of drilling (ATD)
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earth sciences

Moisture, Ash, and Organic Matter of Peat

and Other Organic Soils - ASTM 2974

incorporated

Date Sampled Project Project No. Soil Description
7/29/2016 BHPS KH150387A

Tested By Location EB/EP No. Depth Bioretention soil mix
MS BDP BDP

Moisture Content BDP Moisture Content BDP

Sample ID HA1 0.1-0.6 Sample ID HA3 0.7-1

Wet Weight + Pan 844.21 Wet Weight + Pan 970.27

Dry Weight + Pan 786.28 Dry Weight + Pan 920.55

Weight of Pan 302.57 Weight of Pan 307.75

Weight of Moisture 57.93 Weight of Moisture 49.72

Dry Weight of Sall 483.71 Dry Weight of Sail 612.80

% Moisture 12.0 % Moisture 8.1

Organic Matter and Ash Content Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 837.83 Dry Soil Befor Burn + Pan 969.02

Dry Soil After Burn + Pan 809.38 Dry Soil After Burn + Pan 939.46

Weight of Pan 348.71 Weight of Pan 348.69

Wt. Loss Due to Ignition 28.45 W1. Loss Due to Ignition 29.56

Actual Wt. Of Soil After Burr 460.67 Actual Wt. Of Soil After Burr 590.77

% Organics 5.8 % Organics 4.8

ASSOCIATED EARTH SCIENCES, INC.

911 5th Ave., Suite 100 Kirkland, WA 98033 425-827-7701 FAX 425-827-5424
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GRAIN SIZE ANALYSIS - MECHANICAL ASTM D422

Project Name Project Number Date Sampled Date Tested Tested By
BHPS KH150387A 7/29/2016 9/1/2016 MS
Sample Source Sample No. Depth (ft) Soil Description
Onsite BDP HA2 0.8-1.3 gravelly, very silty SAND (SM)
Total Sample Dry Wt. (g) Moisture Content (%) Do (mm) Reference Specification
698.5 10 <0.01 Not applicable: native material
U.S. Sieve Opening in Inches | U.S. Sieve Numbers | Hydrometer
4 3 2 15 1 3/4 172 3/8 35 4 6 8 10 14 16 20 30 40 50 60 100 140 200 270 400 500 635
100 rE-S—— T T T T T T T T T T T T T T
90 {4 E
i i NN i |
80 | : . | |
ot i HE N s i
: | s | N |
g0t | | | |
: | s : ™N :
£ [ | | TN |
£l | | | |
nl : | | il
a0l | | | e
ot | |
o | i | | |
0 H H H H i
100 10 1 0.1 0.01
Diameter (mm) emm@m= BDP HA2 = = = Ref. Spec.
Coth. [ Gravel [ Sand | )
\_‘ Coarse | Fine ‘ Coarse ‘ Medium | Fine | Silt or Clay
Sieve No. Diam. Cum. Wt. % Ret. % Passing % Specs. Pass. by Wt.
(mm) Ret. (g) by Wt. by Wt. Min Max
3 76.1 0.0 100.0
2.5 64 0.0 100.0
2 50.8 0.0 100.0
1.5 38.1 0.0 100.0
1 25.4 0.0 100.0
3/4 19 15.6 2.2 97.8
3/8 9.51 73.3 10.5 89.5
#4 4.76 127.8 18.3 81.7
#8 2.38 180.3 25.8 74.2
#10 2 195.0 27.9 72.1
#20 0.85 261.4 37.4 62.6
#40 0.42 3355 48.0 52.0
#60 0.25 395.6 56.6 43.4
#100 0.149 448.0 64.1 35.9
#200 0.074 485.7 69.5 30.5
#270 0.053 492.3 70.5 29.5

Everett Office | 2911 % Hewitt Avenue, Suite 2 | Everett, WA 98201 P | 425.259.0522 F | 425.252.3408

Kirkland Office | 911 Fifth Avenue | Kirkland, WA 98033 P | 425.827.7701 F| 425.827.5424

Tacoma Office | 1552 Commerce Street, Suite 102 | Tacoma, WA 98402 P | 253.722.2992 F | 253.722.2993

Www.aesgeo.com
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GRAIN SIZE ANALYSIS - MECHANICAL ASTM D422

Project Name Project Number Date Sampled Date Tested Tested By
BHPS KH150387A 7/29/2016 9/1/2016 MS
Sample Source Sample No. Depth (ft) Soil Description
Onsite BDP HA1l 0.1-0.6 SAND, trace silt, trace gravel (SP)
Total Sample Dry Wt. (g) Moisture Content (%) Do (mm) Reference Specification
461.7 0 0.284 Bioretention soil mix: burned sample

U.S. Sieve Opening in Inches |

U.S. Sieve Numbers

| Hydrometer

4 3 2 15 1 3/4 172 3/8 35 4 6 8 10 14 16 20 30 40 50 60 100 140 200 270 400 500 635
100 rrPe-—F ??lﬁ'ﬂ|| T ; T T T 17
ol a N\ i s
80 1 : | | |
o | s s i
£ | i | | |
‘v 60 | | | | T
= | | | |
z : : : : :
20T ] : : :
2 H H i i i
£ o | | | \ - |
5|l s | \ |
2 H H i i i
& 30 | | \ | |
it s \
ol | | \\ i
0 H H H H ng)
100 10 1 0.1 0.01
Diameter (mm) emm@m= BDP HA1 = = = Ref. Spec.
Coth. [ Gravel [ Sand | )
\_‘ Coarse | Fine ‘ Coarse ‘ Medium | Fine | Silt or Clay
Sieve No. Diam. Cum. Wt. % Ret. % Passing % Specs. Pass. by Wt.
(mm) Ret. (g) by Wt. by Wt. Min Max
3 76.1 0.0 100.0
2.5 64 0.0 100.0
2 50.8 0.0 100.0
1.5 38.1 0.0 100.0
1 25.4 0.0 100.0
3/4 19 0.0 100.0
3/8 9.51 0.3 0.1 99.9
#4 4.76 8.0 1.7 98.3
#8 2.38 74.7 16.2 83.8
#10 2 93.0 20.1 79.9
#20 0.85 214.0 46.3 53.7
#40 0.42 380.5 82.4 17.6
#60 0.25 427.1 92.5 7.5
#100 0.149 448.8 97.2 2.8
#200 0.074 457.0 99.0 1.0
#270 0.053 459.9 99.6 0.4

Kirkland Office | 911 Fifth Avenue | Kirkland, WA 98033 P | 425.827.7701 F| 425.827.5424
Everett Office | 2911 % Hewitt Avenue, Suite 2 | Everett, WA 98201 P | 425.259.0522 F | 425.252.3408
Tacoma Office | 1552 Commerce Street, Suite 102 | Tacoma, WA 98402 P | 253.722.2992 F | 253.722.2993

Www.aesgeo.com
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GRAIN SIZE ANALYSIS - MECHANICAL ASTM D422

Project Name Project Number Date Sampled Date Tested Tested By
BHPS KH150387A 7/29/2016 9/1/2016 MS
Sample Source Sample No. Depth (ft) Soil Description
Onsite BDP HA3 0.7-1 SAND, trace silt, trace gravel (SP)
Total Sample Dry Wt. (g) Moisture Content (%) Do (mm) Reference Specification
591.8 0 0.421 Bioretention soil mix: burned sample
U.S. Sieve Opening in Inches | U.S. Sieve Numbers | Hydrometer
4 3 2 15 1 3/4 172 3/8 35 4 6 8 10 14 16 20 30 40 50 60 100 140 200 270 400 500 635
— N N
100 T2 "?w?lﬁ'ﬂll T ; T T T 17
90 E E : i
80 {1 : i i |
o {1 i s s i
ol | L\ | |
‘v 60 | | | | T
H H H i \ 1 i
> H H i i i
a : : : : i
w 50 1 1 1 1 1
£ ' ' 1 H |
(7] 1 1 1 ' 1
@ H H , \ i i
&40 ; ; i i ;
c H | 1 1 1
3 : : : ! |
& 30 : i | |
s s | \ | |
2017 ] : ‘\ : :
o i s A |
o LLL : : : i~ RPN,
100 10 1 0.1 0.01
Diameter (mm) emm@m= BDP HA3 = =— = Ref. Spec.
. hb| Gravel [ Sand | )
o Coarse | Fine ‘ Coarse ‘ Medium | Fine | Silt or Clay
Sieve No Diam. Cum. Wt. % Ret. % Passing % Specs. Pass. by Wt.
' (mm) Ret. (g) by Wt. by Wt. Min Max
3 76.1 0.0 100.0
2.5 64 0.0 100.0
2 50.8 0.0 100.0
1.5 38.1 0.0 100.0
1 25.4 0.0 100.0
3/4 19 0.0 100.0
3/8 9.51 0.0 100.0
#4 4.76 8.6 1.4 98.6
#8 2.38 86.3 14.6 85.4
#10 2 109.7 18.5 81.5
#20 0.85 433.4 73.2 26.8
#40 0.42 533.3 90.1 9.9
#60 0.25 562.7 95.1 4.9
#100 0.149 582.3 98.4 1.6
#200 0.074 589.1 99.6 0.4
#270 0.053 590.2 99.7 0.3

Kirkland Office | 911 Fifth Avenue | Kirkland, WA 98033 P | 425.827.7701 F| 425.827.5424
Everett Office | 2911 % Hewitt Avenue, Suite 2 | Everett, WA 98201 P | 425.259.0522 F | 425.252.3408
Tacoma Office | 1552 Commerce Street, Suite 102 | Tacoma, WA 98402 P | 253.722.2992 F | 253.722.2993

Www.aesgeo.com




APPENDIX C

Background Soil, Geology, and Ground Water Data
(Regional Maps, Previous Studies Exploration Logs
and Laboratory Testing Data)



.//y

600 Dupont

NG .
Geo k‘éEngmeers Bellingham, WA 98225
Telephone: (360) 647-1510
MEMORANDUM Fax: (360) 647-5044
TO: Kirk Christensgn at City of Bellingham
FROM: J. Gordon
DATE: May 19, 2

SUBJECT: Bloedel-Donovan

We performed two hand auger holes at the proposed infiltration location.

The north hole was excavated to 3.3 feet to refusal.

e (0-2°: Silty sand with occasional gravel

e 2-3’:  Silty sand/sandy silt with occasional gravel
3-3.2°: Brown silty sand (refusal)
e No groundwater encountered

[ ]

We filled the hole with water, and measured infiltration just as an indicator:
e Initially went down 3 inches in 5 minutes
e Then went down 1.5 inches in next 30 minutes

The south hole was excavated to 2.3 feet to refusal at three different locations.

e (-2’: Silty sand with occasional gravel
e 2-3’: Silty sand with gravel and roots; refusal on 2-inch gravel
e No groundwater encountered
We filled the hole with water, and measured infiltration just as an indicator:
e Initially went down 2 inches in 5 minutes
e Then went down 2 inches in next 15 minutes

PRELIMINARY CONCLUSIONS
e Subsurface conditions consist of silty sand with occassional gravel.

e  Assuming that groundwater will be encountered near about 3 feet (lake level), most infiltration would

be lateral rather than vertical.

e The above study is not adequate for definitive conclusions. However, some limited infiltration will

occur. An infiltration rate might be 0.5 with the new Ecology stormwater design procedures.

Ecology suggests a safety factor of 4 for long term infiltration.

¢ There are some trees on the south side. It may be appropriate to evaluate potential impacts to the

trees (with Parks Dept.).




Approximate location of site indicated by red outline

CHUCKANUT FORMATION [Paleocene and Upper Cretaceous(?)] — Sandstone,
conglomerate, shale, and bituminous to subbituminous coal. Underlies most of
Cascade foothills, and in places protrudes through unconsolidated deposits of
lowlands. Carbonaceous shale locally contains abundant plant fossils, including
leaves, palm fronds, and occasional whole tree trunks in upright positions of
growth. Originated as alluvial flood plain deposits which accumulated to more
than 10,000 feet thick. Plant fossils suggest Late Cretaceous(?) and Paleocene
age. Unit more strongly folded than Huntingdon Formation. Unit partly eroded
before deposition of younger beds

Excerpt from Easterbrook, D. J., 1976, Geologic Map of Western Whatcom County, Washington

Associated Earth Sciences, Inc. Appendix C  Bioretention Hydrologic Performance Study

Kirkland, WA

Project No. KH150387A
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APPENDIX D

Soil Probe, Level Survey, and
Field Infiltration Testing Data
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Cell BDP
Level Survey Data

Location

Elevation
(feet,
project
datum)

(S-1) Center sewer manhole

100

(S-2) Overflow weir, S. edge

98.94

Overflow weir, middle

98.94

(S-3) Overflow weir, N edge

98.94

(S-4) Curb corner

100.75

(S-5) Corner of grate

98.12

Pre-existing survey nail (near S-1)

99.62

N curb cut, middle, bottom edge

99.82

S curb cut, middle, bottom edge

100.46

Top of existing monitoring well

98.97

Survey points in base of cell and profile

See
Attached
Map

Cell BDP

Probe Survey Data List (Excludes Outliers)

Probe
Penetration
(feet):

1.7
1.7
1.7
1.6
1.9
1.9
1.6
1.9
1.8
1.6
AVERAGE:
1.7

Associated Earth Sciences, Inc.

Kirkland, WA

Appendix D

Bioretention Hydrologic Performance Study
Project No. KH150387A
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Bioretention Hydrologic Performance
Project Name Study

Project Number KH150387A
Date 9/2/16
Weather Cloudy, some rain
Test No. BDP IT-1
Meter FM1/FM3

Water Source Hose bib

Bioretention Soil over

Receptor Soils Undifferentiated Alluvium

Testing Performed By ADY

Depth to Water,
Head monitoring well, Flow (southern | Flow (northern
. below top curb cut, visual | curb cut, visual
. . Flow Rate Totalizer | (temporary |Wetted area ) A R
Time (24-hr) Total (min) temporary casing Weather estimate, estimate, Notes
(gpm) (gal) staff gauge (ftn2) .
(feet, stickup: ~1.5ft gallons per gallons per
SG-1, feet) . .
from ground minute) minute)
surface))
Flow on, issue with
flow meter rate
8:30:00 0.0 0 Dry 3.43 Rain reading.
Flow off, swap flow
8:32:00 0.0 Dry meter.
Flow on, restart test,
time zero, totalizer
8:33:00 0.0 3 0 Dry zero.
8:50:00 17.0 3.01 57 Dry 3.28 Rain ~5 ~2
9:00:00 27.0 3.03 82 Dry 3.05 Rain ~4 ~2
9:15:00 42.0 2.97 131 Dry 2.93 Rain ~4 ~1
9:45:00 72.0 3.05 220 Dry 2.79
10:00:00 87.0 4.17 282 Dry 2.77 Light rain ~1 ~0.5
10:15:00 102.0 4.24 348 Dry 2.74 No rain
10:30:00 117.0 4.19 404 Dry 2.70
10:46:00 133.0 4.18 473 Dry 2.69 ~0.5 at 10:45 no flow
11:06:00 153.0 4.22 556 Dry 2.66 No rain very light flow
11:30:00 177.0 4.18 660 Dry 2.63
11:46:00 193.0 4.17 724 Dry 2.61
12:06:00 213.0 4.18 808 Dry 2.60 No rain no flow no flow
12:30:00 237.0 4.16 906 Dry 2.58
Associated Earth Sciences, Inc. Appendix D Bioretention Hydrologic Performance Study

Kirkland, WA

Infiltration Test Data Page 1/2

Project No. KH150387A




Kirkland, WA

Infiltration Test Data Page 2/2

Depth to Water,
Head monitoring well, Flow (southern | Flow (northern
. below top curb cut, visual | curb cut, visual
Time (24-hr) Total (min) Flow Rate Totalizer | (temporary | Wetted area temporary casing Weather estimate, estimate, Notes
(gpm) (gal) staff gauge (fe"2) (feet, stickup: ~1.5ft gallons per gallons per
$G-1, feet) from ground minute) minute)
surface))
12:45:00 252.0 4.17 968 Dry 2.57
13:00:00 267.0 4.19 1,032 Dry 2.56
13:15:00 282.0 4.18 1,095 Dry 17 2.55 Light rain no flow no flow
13:30:00 297.0 4.18 1,157 Dry 17 2.54
13:48:00 315.0 4.07 1,232 Dry 17 2.53
14:02:00 329.0 4.18 1,290 Dry 17 2.52 No rain no flow no flow
14:15:00 342.0 4.16 1,344 Dry 17 2.51
14:30:00 357.0 4.13 1,406 Dry 17 2.51
14:45:00 372.0 4.15 1,469 Dry 17 2.50
15:00:00 387.0 4.15 1,531 Dry 17 2.49 No rain no flow no flow
15:15:00 402.0 4.15 1,594 Dry 17 2.49
Flow off, begin falling
15:30:00 417.0 4.17 1,655 Dry 17 2 head
15:31:00 418.0 Dry 2.48
15:32:00 419.0 Dry 2.48
15:33:00 420.0 Dry 2.49
15:34:00 421.0 Dry 2.50
15:35:00 422.0 Dry 2.52
15:36:00 423.0 Dry 2.54
15:41:00 428.0 Dry 2.59
15:46:00 433.0 Dry 2.64
15:49:00 436.0 Dry 2.67
15:52:00 439.0 Dry 2.70
16:00:00 447.0 Dry 2.75
16:08:00 455.0 Dry 2.79 End of test
On 9/6/16, 3.64 at Retrieve
06:59 datalogger
Associated Earth Sciences, Inc. Appendix D Bioretention Hydrologic Performance Study

Project No. KH150387A




BDP Infiltration Test Plot 1
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BDP Infiltration Test Plot 2
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Pre-existing monitoring well and cover in Cell BDP

Associated Earth Sciences, Inc. Appendix E  Bioretention Hydrologic Performance Study
Kirkland, WA Project No. KH150387A



Overflow structure in Cell BDP

Associated Earth Sciences, Inc. Appendix E  Bioretention Hydrologic Performance Study
Kirkland, WA Project No. KH150387A
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Diversion of stormwater flow to street during storm event during infiltration testing, due to leaf litter
collected in curb cut

Associated Earth Sciences, Inc. Appendix E  Bioretention Hydrologic Performance Study
Kirkland, WA Project No. KH150387A
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Deliverable 4.5, Site IHS, Geotechnical/Soils Assessment Design Data and
Current Conditions, Issaquah High School, Issaquah, Washington. Associated
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Date: October 25, 2016 From: Jennifer H. Saltonstall, L.G., L.Hg.
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: Curtis J. Koger, L.G., L.E.G., L.Hg.

Bioretention Hydrologic
Performance Study

Attn: Doug Beyerlein, P.E. Project No: KH150387A

Project Name:

Deliverable 4.5, Site IHS, Geotechnical/Soils Assessment Design Data and Current Conditions,

Subject: . )
ubjec Issaquah High School, Issaquah, Washington

1.0 INTRODUCTION

This technical memorandum documents existing shallow soil and ground water conditions in Bio-
Retention Cell #24 of the Issaquah High School Project, located in the city of Issaquah, Washington
(Figure IHS 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 ground water 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 ground water conditions integrates the observations
made during the geotechnical assessment which included site visits on July 6, 2016, infiltration
testing on July 27, 2016, and background geotechnical information.

This technical memorandum has been prepared for the exclusive use of Clear Creek Solutions and
the City of Bellingham 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 e Kirkland, WA 98033 e P | 425 827-7701 ¢ F | 425 827-5424
2911 1/2 Hewitt Avenue, Suite 2  Everett, WA 98201 ¢ P | 425 259-0522 « F | 425 827-5424
1552 Commerce Street Suite 102 » Tacoma, WA 98402 P | 253 722-2992 ¢ F | 253 722-2993
WWW.aesgeo.com



Site IHS Associated Earth Sciences, Inc.
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2.0 PURPOSE AND SCOPE

The purpose of our work was to perform a shallow soil and ground water 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 C(Classify sediment according to the Unified Soil Classification System (USCS) and American
Society for Testing and Materials (ASTM) D2488, “Standard Recommended Practice for
Description of Soils.”

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

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

e Conduct infiltration testing.

e Preparation of descriptive exploration logs for each exploration.

e Preparation of this summary document.

Topography of the site and surrounding area is shown on Figure IHS F2, “LiDAR-Based Topography.”

Existing facility features and the locations of hand-auger boreholes completed for this study are
shown on Figure IHS F3, “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 ground water 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 Issaquah High School Project, located in Issaquah, Washington as shown on
the attached “Vicinity Map” (Figure IHS F1). The Issaquah High School Campus is located on a
46-acre parcel. The High School is bordered by 2" Avenue on the west, a current new Middle
School construction project on the north, the western slopes of Tiger Mountain on the east and
residential development on the south. No surface water features are present onsite. Per the

October 25, 2016
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Site IHS Associated Earth Sciences, Inc.
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Washington State Source Water Assessment Program Mapping Application, the site is located
within the 10-year time of travel for the City of Issaquah municipal water supply wells and within
an assigned time of travel zone for a Group B water supply well. LiDAR topography and other
near-site vicinity features are illustrated on Figure IHS F2, “LiDAR-Based Topography.”

Our specific area of study for this project includes bioretention facility #24 located on the southeast
portion of campus referred to as cell IHS for this study. The attached “Facility and Exploration Plan”
(Figure IHS F3) illustrates the cell area and some of the surrounding site features and utilities.

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

e Subsurface Exploration, Geologic Hazards and Geotechnical Engineering Report, New
Issaquah High School, Issaquah, Washington, Associated Earth Sciences, Inc., July 26, 2007,
prepared for Issaquah School District.

e Supplemental Geotechnical Exploration and Ground Water Mounding Analysis, Issaquah
High School Replacement, Issaquah, Washington, Associated Earth Sciences, Inc., January
21, 2009, prepared for Issaquah School District.

e Rain Garden Sizing Calculations, Issaquah High School Project, Coughlin Porter Lundeen
(CPL), January 29, 2009, prepared for Mahlum Architects.

e Sheet C-404 titled Record Drawing, Grading and Drainage Plan, Issaquah High School
Project, May 16, 2014, prepared by Mahlum Architects and Coughlin Porter Lundeen (CPL).

e Field Report, Associated Earth Sciences, Inc., April 28, 2010, prepared for Issaquah School
District.

e Construction and Post-Construction Photograph:s.

e Unpublished water level monitoring data, 2010 through 2015.

3.1 Summary of Facility Design

From our review of these documents, the bioretention facility design for cell IHS consists of an
approximately L-shaped bioretention cell with approximately 1,050 square feet of base area, as
shown on Figure IHS F3, “Facility and Exploration Plan.” We understand that the site was
developed under the 1998 King County Surface Water Design Manual (King County Manual) for
design and construction of stormwater facilities and modeled using KCRTS with a design infiltration
rate of 13 inches per hour (in/hr) in the native subgrade. Land use within the drainage basin is
primarily access roadway and roof area. Per Record Drawing C-404 (CPL, May 16, 2014), the facility
design includes 18 inches of bioretention soil mix overlying a minimum 6-foot-wide rock-filled
trench. The rock-filled trench is separated from the overlying bioretention soil mix by an
18-inch-thick layer of medium sand and an 18-inch layer of coarse sand/fine pea gravel. The
rock-filled trench contains a 6-inch-diameter perforated underdrain pipe bedded in approximately
1.5 feet of 9-03.12(4) “Gravel Backfill for Drains,” which overlies native soil. In two areas along the
perforated pipe, short infiltration trenches referred to as ‘finger drains’ extend to about 12 feet
below bioretention cell base. A 4-inch-diameter piezometer was installed in each finger drain to
allow for water level monitoring.

October 25, 2016
Project No: KH150387A Page 3



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

The facility is designed to infiltrate 100 percent of inflow into the subgrade. Stormwater enters the
facility through two inlet pipes on the north end, one 12-inch and one 8-inch. If water ponds up on
the bioretention soil, the ponded water would discharge into a Type | Catch Basin (SD #59) with a
beehive grate located near the center of the cell, and then into the perforated pipe laterals in the
rock-filled trench situated beneath the bioretention soil. The rim of the Type | Catch Basin was
designed to be 2.5 feet higher than the cell base to create 2.5 feet of ponding depth. The facility
was constructed during April through August 2010 and began receiving runoff in August 2010 (AESI
field records).

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 IHS F3, “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
south rim of a storm drain #66 (identified on the “IHS 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. Due to the density of vegetation within the
facility, AESI’s ability to survey elevations within the base of the IHS facility was limited. 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 inflow pipes are present on the north side of cell IHS.

0 The primary inflow pipe (Inlet 1) to the facility is a 12-inch corrugated black pipe
consistent with project plans, which discharges onto a rounded rock energy
dissipation pad approximately 2 to 3 feet wide and 6 feet long. A small amount of
water was discharging at the time of our July 6, 2016 site visit, and formed a pool of
water (about 2 feet by 2 feet) at the inlet.

0 A second inflow pipe (Inlet 2) to the facility is a 6-inch pipe nearly buried in
bioretention soil. The pipe was filled to about 0.3 feet from the crown. A few
rounded rocks were visible. It was unclear whether the pipe was set too low or soil
placed too deep.

O AESI observed that a shallow channel (0.1 to 0.2 feet deep, a few feet wide) is
present from Inlet 1 toward SD #59. The surface of the channel is exposed
bioretention sand.

October 25, 2016
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e Overflow: The overflow consists of Type | Catch Basin (SD #59) with a beehive grate. The
rim of this grate was approximately 2.4 to 2.6 feet above the base of the facility. Two pipes
exit SD #59 to convey water to the rock-filled trench and ‘finger drains’.

e Piezometers: Two existing piezometers were in place as indicated on Plan Sheet C-404.
Both consisted of a 4-inch (nominal diameter) SDR #35 pipe. We understand the lower 5
feet of the pipe is machine-slotted (3/16 inch wide by about 3% inches long, spaced about 2
to 3 inches apart) and was attached to an upper solid (no perforations) pipe section by a
glued, belled, slip coupling. Aslip end cap was fastened to the bottom. The total length of
13 feet (south piezometer) and 13.5 feet (northwest piezometer), and a stick up above
ground surface of 1.0 feet, such that the base of the piezometers are about 12 feet below
ground surface.

e AESI investigated the loose bioretention soil thickness present in cell IHS 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 10-foot to 15-foot grid on the facility
base. Penetration of the T-probe generally ranged from approximately 1.1 feet to 2.0 feet,
and averaged 1.6 feet. Probe penetration data is included in Appendix D to this document.

Table 1
Summary of Cell IHS
Level Survey Data

Elevation
Location (feet, project datum)

SD #66 100

SD #61 100.59

SD #63 101.33
Bottom of pipe, inlet 1 (12-inch pipe) 97.5

Top of pipe, inlet 2 (8-inch pipe) 97.67
Piezometer 24-1 top of casing 98.17
Piezometer 24-2 top of casing 98.36

SD #59 rim 99.63

Survey points in base of cell On site plan in Appendix D to

this document

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 ground water studies. Our sources of information included the following:

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

October 25, 2016
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e Booth, Derek B., Walsh, Timothy J., Troost, Kathy Goetz, and Shimel, Scott A., Geologic Map
of the East Half of the Bellevue South 7.5' x 15' Quadrangle, Issaquah Area, King County,
Washington, United States Geological Survey Scientific Investigations Map (SIM) 3211,
2012.

e Natural Resources Conservation Service, Web Soil Survey, United States Department of
Agriculture, http://websoilsurvey.nrcs.usda.gov/, accessed September 2016.

e Soil Survey of King County area, Washington, United States Department of Agriculture,
Natural Resource Conservation Service (NRCS), in cooperation with Washington Agricultural
Experiment Station, 1973.

e Liesch, Bruce A., Price, Charles E., and Walters, Kenneth L., Geology and Ground-water
Resources of Northwestern King County, Washington, Washington State Division of Water
Resources, Water Supply Bulletin 20, 1963.

e King County, Issaquah Creek Basin, Current/Future Condition and Source Identification
Report, King County Surface Water Management, October 1991.

5.1 Regional Topography and Project Grading

The project site is situated at the base of Tiger Mountain on the eastern edge of a relatively narrow
valley that contains Issaquah Creek. Elevations on the larger school site range from about 120 to
200 feet, as shown on Figure IHS F2, “LiDAR-Based Topography.” Glacial meltwater scoured
through the Issaquah Creek valley and created level outwash terrain surfaces. Issaquah Creek, a
modern stream, has incised the outwash terrain west of the site.

On acloser scale, the area near Cell IHS is relatively level, situated on an outwash terrace at about
elevation 145 to 150 feet. The site is located about a half mile east of Issaquah Creek, and is about
40 to 60 feet higher in elevation than Issaquah Creek. East of the site, steep slopes rise several
hundred feet, eventually rising to nearly elevation 3,000 feet near the West Tiger Mountain
summit. Level parking and access road areas surround the cell on the north, west, and southwest.
A curb separates the paved surfaces from the cell. A slope rises on the east.

The project site was previously developed as Issaquah High School which was demolished in stages
during 2010, to allow for the construction of the new Issaquah High School. Minor cutting (about
5 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 Geologic Map of the East Half of the Bellevue South 7.5' x 15' Quadrangle,
Issaquah Area, King County, Washington by Derek B. Booth, Timothy J. Walsh, Kathy Goetz Troost,
and Scott A. Shimel (U.S. Geological Survey Scientific Investigations Map 3211), the site vicinity is
underlain by Vashon recessional outwash. Recessional outwash sediments in the project area are
described on the referenced map to consist of deltaic deposits from meltwater streams entering
glacial Lake Sammamish, which is consistent with our observations and interpretations of
subsurface materials encountered in our explorations for this project.
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e Vashon Recessional Outwash (Qvr): This unit is composed of stratified sand and gravel,
moderately to well sorted; less common silty sand and silt. Recessional outwash in the
project area was deposited along channels that carried glacial meltwater into glacial Lake
Sammamish during ice retreat. Recessional outwash was deposited during the retreat of
glacial ice, and has not been glacially overridden.

Exploration logs from the footprint of Bio-Retention Cell #24 dated April 28, 2010 reached depths
of about 13 feet below current grades, and describe material generally consisting of gravel with
variable sand content and a trace of silt to grading with depth to sand with variable gravel content
and silt interbeds. This interpretation is consistent with the geologic mapping in the area.

5.3 Regional Soils and Soil Data Used in Site Stormwater Model

AESI reviewed the Soil Survey of King County Area, Washington (NRCS, 1973) and soils mapping
from the NRCS web portal (NRCS, 2016). 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 Everett very gravelly sandy loam soils. Everett soils are
typically situated on terraces and formed from the weathering of glacial outwash. NRCS describes
the permeability as rapid (6 to 20 in/hr) (NRCS, 1973).

As described in the “Rain Garden Sizing Calculations” (CPL, 2009), the pre-developed condition was
modeled as Type A soils, consistent with mapped soil and background geotechnical data.

5.4 Regional Hydrogeology and Background Ground Water Data

Descriptions of regional hydrogeology are contained in reports prepared by the Washington State
Division of Water Resources titled Geology and Ground-Water Resources of Northwestern King
County, Washington, Water Supply Bulletin 20, by Bruce A. Liesch, Charles E. Price, and Kenneth L.
Walters (Liesch et al., 1963) and the Issaquah Creek Basin, Current/Future Condition and Source
Identification Report, King County Surface Water Management, October 1991 (King County, 1991).

Ground water was encountered in explorations from the footprint of Bio-Retention Cell #24
(cell IHS). Ground water seepage was encountered at a depth of about 8.5 to 9 feet below current
cell base at the time of excavation (April 28, 2010). Ground water levels were monitored for
several years after construction and ranged from about 12 feet below grade during late
summer/early fall to at ground surface reflecting the ground water mounding resulting from
stormwater infiltration (AESI, unpublished data). Hydrographs are included in Appendix C.

The ground water encountered onsite is an expression of the Lower Issaquah Valley regional aquifer,
a relatively shallow, unconfined aquifer which is important for water supply in the south Lake
Sammamish/Issaquah area (King County, 1991). At this site, the base of the Lower Issaquah Valley
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aquifer is formed by an underlying low-permeability recessional glacial lacustrine silt/clay deposit.
The silt/clay acts as a leaky aquitard, preventing most of the aquifer water from recharging deeper
aquifers. Ground water flow direction is westward toward Issaquah Creek, and northward toward
Lake Sammamish.

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 subgrade. 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, each
borehole was immediately backfilled with the excavated material.

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 ground water 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 IHS F3, "Facility and Exploration Plan." 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 IHS were completed on July 6, 2016. No rainfall was noted at the time of
exploration.

Hand-auger boring number 1 (IHS-HA-1), which was completed in the northern portion of the cell,
near the inflow, and hand-auger boring number 2 (IHS-HA-2), which was completed near the center
of the cell, near the overflow, encountered approximately 1.5 feet of bioretention soil, overlying
material interpreted as gravel backfill for drains to a total depth of 2 feet. No seepage or caving
were observed.
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6.2 Well Points

Because the existing piezometers penetrated deeper beneath ground surface than the hand-auger
explorations, no well point was installed. Dimensions of the existing piezometers are provided in
Table 2, below.

Table 2
Summary of Cell IHS
Existing Piezometer Dimensions

Total Length Total Depth Inside
Existing of Casing Stickup Height Casing Below
Piezometer (feet) Interior Diameter (feet) Ground Surface
IHS 24-1 13.4 4-inch nominal 0.8 12.6
(south)
IHS 24-2 13.0 4-inch nominal 1.0 12.0
(northwest)

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. Two samples of bioretention
soil were 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 IHS
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*
IHS-HA-1 0.3-0.6 | Bioretention 6.0 SAND, some silt, 5.2 6.8 1.1 Sand
Soil trace gravel
(SW-SM)
IHS-HA-2 1.0-1.3 | Bioretention 5.6 SAND, trace silt, 4.8 7.5 1.2 Sand
Soil trace gravel
(SW)

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 5.6 and 6.0 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 USCS.
The respective fines content as measured on the No. 200 sieve was 4.8 to 5.2 percent, on the
higher end of recommended range of 2 to 5 percent. The coefficient of uniformity ranged from
6.8 to 7.5, meeting the recommended value of equal to or greater than 4. The coefficient of
curvature ranged from 1.1 to 1.2, within the recommended range of greater than or equalto 1 and
less than or equal to 3. The soil mix contained slightly less than the recommended range of fine
sand and slightly more than the recommended range of silt. The tested bioretention soil was a
well-graded sand.

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

Recommended
Parameter Range Cell IHS

Organic Content (by weight) 5 to 8 percent 5.8 percent by weight
Cu coefficient of uniformity 4 or greater 7.1
Cc coefficient of curvature 1to3 1.2
Sieve Size Percent Passing

3/8” (9.51 mm) 100 98.6

#4 (4.76 mm) 95 to 100 96.9

#10 (2.0 mm) 75 to 90 74.5

#40 (0.42 mm) 25to 40 22.8

#100 (0.15 mm) 41010 7.6

#200 (0.074 mm) 2to5 5.0

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 IHS, no samples of the subgrade were obtained for this study. However, AESI observed
excavation of cell IHS during construction. Photos of finger drain excavation and bioretention cell
grading are presented in Appendix E. The native material is recessional outwash, classified as a
sandy GRAVEL with trace silt (GP).
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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 IHS 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 to SD #59, a second temporary metal staff gauge (5SG-2) marked in
0.02-foot increments installed near the test discharge for the duration of the test, and within
northern piezometers 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 IHS 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 IHS

AESI performed infiltration testing on July 27, 2016. No rainfall was noted during testing, and no
flow from the inflow pipes was present.

During this test, flow was initially maintained at about 102 gpm, then increased to 145 gpm (the
maximum flow rate off the hydrant) for the duration of test. Inflow to the facility for the
infiltration test was directed, through a diffuser, onto the cell. Initially, the water pooled near the
inflow, then the pool broke through a low vegetation dam after about 80 minutes, and spread out
again before the wetted area stabilized. After approximately 6 hours, the water level in the wetted
area was about 0.25 feet as measured on SG-1. The wetted pool area had been generally stable for
about 4 hours, and had filled in the low areas near Inlet 1 and Inlet 2 covering an area of about 230
square feet. Approximately 52,000 gallons of water were used.

Water in the northern piezometer was monitored with a data logger during the infiltration test and
responded to inflow. Ground water was present at about 11.5 feet beneath the bioretention cell
prior to the start of inflow, and represents the static shallow ground water level. The water levelin
the northern piezometer responded to inflow after about 10 minutes, and rose approximately 8.2
feet (from 11.55 feet below ground surface to 3.33 feet below ground surface) during the course of
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testing. AESI interprets this response to indicate that water from the infiltration test infiltrated
rapidly through the bioretention soil and then mounded on the shallow ground water present
beneath the facility.

After about 6.2 hours, AESI shut off the flow and monitored water level as it fell. AESI observed
that the pooled water in the base of the facility infiltrated over the course of approximately
4.5 minutes.

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.

Table 5
Cell IHS
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)
IHS
(bioretention 230 368 52,277 0.25 61 37
soil)
IHS Shallow ground water
(subgrade) mounding response in well
point

in/hr: inches per hour

9.0 CONCLUSIONS AND RECOMMENDATIONS

Cell IHS was generally consistent with the design shown on the civil plan sheets. Observations on
site design, shallow soil and ground water conditions are discussed below.

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 less than the
recommended range of fine sand and slightly more than the recommended range of
silt.
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e Theoverflow is consistent with the plans. Site design documentsindicate that the ponding
level was designed as 2.5 feet.

e Subgrade conditions: The subgrade is interpreted to consist of Vashon recessional
outwash, as documented during construction.

e The field infiltration rate was measured at about 61 in/hr. Water readily soaked through
the bioretention soil mix, the field rate is interpreted to represent the bioretention soil
infiltration rate.

e Shallow ground water is present in the location of the IHS facility as measured in the
piezometers and documented during several years of water level monitoring. AESI
interprets that the infiltration test water soaked rapidly through the bioretention soil and
mounded on the underlying shallow water table, then dissipated both laterally and
vertically as shallow ground water flow. During testing, the lag time in response to start of
inflow and stop of inflow was approximately 10 minutes.

e The effects of shallow ground water mounding will increase during the wetter winter
months, and will reduce the effective infiltration rate by reducing the vertical gradient. The
ongoing monitoring data will be reviewed during the coming months for ground water
influence.

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.

(o

A% Y,pma

Staff Geologist
/ // .
‘ —+— = j(g Jennifer H. Saltonstall
Nl T S
Curtis J. Koger, L.G,, L.E.G,, L.Hg. Jennifer H. Saltonstall, L.G., L.Hg.
Senior Principal Geologist/Hydrogeologist Senior Associate Geologist/Hydrogeologist
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Attachments: Figure IHS F1: Vicinity Map
Figure IHS F2: LiDAR-Based Topography
Figure IHS F3: 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 Ground Water 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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