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MEMORANDUM 

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

Results 
 
For Task 5 of the Bioretention Hydrologic Performance Phase II 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.  WWHM2012 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 WWHM2012.  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 WWHM2012 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 

Site 
Drainage 
Area (ac) 

Top 
Area 
(ft2) 

Bottom 
Area 
(ft2) 

Bottom to 
Drainage 

Percentage  

Overflow 
Height 

(ft) 

Modeled 
Depth 

(ft) 

Native Soil 
Infiltration 

(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 3.4 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 
question 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 

Site 
Layer 1 

Soil 
Layer 1 

Depth (ft) 
Layer 2 

Soil 
Layer 2 

Depth (ft) 
Layer 3 

Soil 
Layer 3 

Depth (ft) 

Native Soil 
Infiltration 

(in/hr) 
B145 ASTM15 1.6 ASTM4 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 ASTM4 0.8 ASTM4 0.7 None 0 0.04 
MCCA2 ASTM1  1.0 ASTM12 2.4 None 0 2 
ORLA1 ASTM2 1.3 ASTM24 2.1 None 0 23 
ORLA2 ASTM2 1.3 ASTM24 5.0 None 0 4 
NOLL ASTM60 1.5 Gravel 1.1 None 0 0.01 
SLPI ASTM2 0.3 ASTM50 1.7 Gravel 0.4 40 
SLPJ ASTM2 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.  WWHM2012 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 WWHM2012 project site map (see Figure 1 for an example).   
 
 

 
 
Figure 1.  WWHM2012 Project Site (MCCA2) in Snohomish County 
 
The MCCA2 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. 
 



 
 
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. 



 

 
 
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 WWHM2012 
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). 
 
  



 
 
Figure 4.  WWHm2012 Land-use Element 
 

 
 
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. 
 

 
 
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 
SLPJ 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 S vs 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.  WWHM2012 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 WWHM2012 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. 
 
  



B145: Bellevue, King County 
 

 

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. 



 

Figure B145-1.  B145 Daily Inflow Volumes 
 

 

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. 
 

 
 
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. 
 
  



BDP: Bellingham, Whatcom County 
 

 

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. 



 

Figure BDP-1.  BDP Daily Inflow Volumes 
 

 

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 dry 
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.  
 

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

  



IHS: Issaquah, King County 
 

 
 
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. 
 
 



 
 
Figure IHS-1.  IHS Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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. 
 
 
  



MCCA1: Mill Creek, Snohomish County 
 

 
 
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 MCCA1. 
 
MCCA1 has no surface outlet but overtops the site at 0.3 feet above the surface bottom.  All of the 
inflow to MCCA1 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 MCCA1 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. 
 
 
  



 
 
Figure MCCA1-1.  MCCA1 Daily Inflow Volumes 
 

 
 
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. 
 

 
 
Figure MCCA1-3.  MCCA1 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. 
 
 
 
 
  



MCCA2: Mill Creek, Snohomish County 
 

 

The MCCA2 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 MCCA2 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. 
 

 

  



 
 
Figure MCCA2-1.  MCCA2 Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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 MCCA2 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. 
 
  



ORLA1: Olympia, Thurston County 
 

 

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. 
 
  



 
 
Figure ORLA1-1.  ORLA1 Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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. 
 
 
 

 

  



ORLA2: Olympia, Thurston County 
 

 
 
The ORLA2 bioretention site is located in Olympia, Thurston County, Washington.  The drainage area to 
ORLA2 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. 
 
 
 



 
 
Figure ORLA2-1.  ORLA2 Daily Inflow Volumes 
 

 
 
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).   
 

 
 
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. 
 
 
 
  



NOLL: Poulsbo, Kitsap County 
 

 
 
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 
ASTM60 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. 
  



 

 
 
Figure NOLL-1.  NOLL Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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.   
 
 
 



 
 

 
 
Figure NOLL-4.  NOLL Daily Underdrain Discharge Volumes 
 

 
 
Figure NOLL-5.  NOLL Daily Simulated Inflow and Underdrain Discharge Volumes  



SLPI: Spanaway, Pierce County 
 

 

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. 
 
  



 
 
Figure SLPI-1.  SLPI Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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. 
 
 
 
 
  



 

SLPJ: Spanaway, Pierce County 
 

 
 
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 ASTM60 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). 
 
 
 
 



 
 
Figure SLPJ-1.  SLPI Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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 WWHM2012 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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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. 

    Project Name: 
Bioretention Hydrologic 
Performance Study 

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

Subject: 
Deliverable 4.5, Site B145, Geotechnical/Soils Assessment Design Data and Current Conditions, 
145th Place SE and SE 22nd 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 145th Place SE and SE 22nd 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. 
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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: 
 

 Review of project documents. 

 Site reconnaissance. 

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

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

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

 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. 

 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.” 

 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. 

 Conduct qualitative assessment of bioretention soil compaction via T‐probe. 

 Conduct infiltration testing. 

 Preparation of descriptive exploration logs for each exploration. 

 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 145th Place SE and SE 22nd 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 
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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 145th Place SE, between the intersections with SE 22nd Street and SE 24th 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 145th 
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: 
 

 Geotechnical Engineering Report, Bellevue 145th Place SE, SE 22nd Street, and SE 22nd Place, 
Bellevue, Washington, AMEC Earth and Environmental, Inc., November 24 2008, prepared 
for Skillings Connolly. 

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

 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 I 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 I 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.” 
 

 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. 
 

 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. 
 

 Overflow:  The overflow consists of a Type I 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. 
 

 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. 
 

 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 feet and 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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 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 

 

Location 
Elevation 

(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. 
 

 Site‐specific documents cited previously under “Project and Site Description.” 

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

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

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

 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. 

 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 145th 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. 
 

 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. 
 

 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  145th  Place  SE  and  SE  22nd  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 
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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 

 

Well Point 

Exploration in 
which WP was 

installed 
Total Length of 
Casing (feet) 

Interior 
Diameter 

Stickup Height 
(feet) 

Total Depth 
Inside Casing 
Below Ground 

Surface 

B145‐WP  B145‐HA‐3  6.3  1.25‐inch 
nominal 

1.8  4.5 

B145 Existing 
observation port 

Existing  4.6  6‐inch  ~0*  4.6 

B145 Existing 
piezometer 

Existing  5.3  2‐inch  3.9  1.4 

*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 

 

Exploration 
Number 

Depth 
(feet)  Soil Type 

Organic 
Content 
(% by 
weight) 

USCS Soil 
Description 

Fines 
Content (% 
passing 
#200)  Cu  Cc 

USDA Soil 
Texture* 

B145‐HA‐2  0.2‐0.5  Bioretention 
Soil 

3.5  SAND, trace silt, 
trace gravel (SP) 

0.4%  3.7  1.1  Sand 

B145‐HA‐3  0.6‐0.9  Bioretention 
Soil 

4.2  SAND, trace silt, 
trace gravel (SP) 

0.4%  4.4  1.0  Sand 

B145‐HA‐3  2.4‐2.9  Vashon 
advance 
outwash 

Not 
tested 

Gravelly SAND, 
some silt (SW‐SM) 

5%  6.0  1.2  Sand 

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  1 to 3  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)  25 to 40  15 

   #100 (0.15 mm)  4 to 10  1.7 

   #200 (0.074 mm)  2 to 5  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 (SG‐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 
Area 

(square 
feet) 

Discharge 
Time 

(minutes) 

Total 
Volume 

Discharged 
(gallons) 

Approximate 
Constant 
Head Level 

(feet) 

Field Infiltration Rates 

Test No. and 
Depth 

Constant Head 
Test (in/hr) 

Falling Head 
Test (in/hr) 

B145 IT‐1 
(bioretention soil) 

44  455  8,929  0.14  43  50 

B145 IT‐1 
(subgrade) 

Interpreted to be 
similar to wetted area 

    Assumed similar to bioretention 
soil rate; no water was observed 
in B145 WP or observation port 

B145 IT‐2 
(bioretention soil) 

124  450  10,703  0.07  18  Not measured 

B145 IT‐2 
(subgrade) 

At least twice wetted 
area 

    ~9 
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.  Variations included 
the following: 
 

 Bioretention soil 
 

o 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. 
 

o 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. 

 

 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. 
 

 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. 
 

 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. 
 

 Field infiltration 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. 
 

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

Cell B145 

Exploration Latitude and Longitude 

Exploration  Latitude  Longitude 

B145‐HA‐1  47.58988  ‐122.14611 

B145‐HA‐2  47.59010  ‐122.14630 

B145‐HA‐3  47.59004  ‐122.14622 

 



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.
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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.
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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).

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

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
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Threaded steel pipe, 1 1/4
inch ID and end cap 4.1 to
4.5 feet
Native soil 4.3 to 4.8 feet

Solid drive point 4.5 to 4.8
feet

Boring terminated at 4.3 feet.
Well completed at 4.8 feet on 7/22/16.
Refusal on cobbles.  No seepage.  No caving.
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         Moisture, Ash, and Organic Matter of Peat 
         and Other Organic Soils - ASTM 2974

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 Soil 623.74 Dry Weight of Soil 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 Wt. Loss Due to Ignition 21.43
Actual Wt. Of Soil After Burn 600.57 Actual Wt. Of Soil After Burn 487.36
% Organics 3.5 % Organics 4.2

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



Depth (ft)

2.4‐2.9

D10 (mm)

0.159

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

BHPS

Date Tested

9/1/2016

Total Sample Dry Wt. (g)

1562.2

Reference Specification

Not applicable: native material

Sample Source

Onsite

Soil Description

gravelly SAND, some silt (SW‐SM)

4

Moisture Content (%)

Sample No.

B145  HA3

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

KH150387A 7/22/2016 MS
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U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

0.2‐0.5

D10 (mm)

0.388

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 0.0 100.0 #N/A #N/A

#4 4.76 13.5 2.2 97.8 #N/A #N/A

#8 2.38 110.4 18.3 81.7 #N/A #N/A

#10 2 140.6 23.4 76.6 #N/A #N/A

#20 0.85 410.8 68.3 31.7 #N/A #N/A

#40 0.42 535.6 89.0 11.0 #N/A #N/A

#60 0.25 574.5 95.5 4.5 #N/A #N/A

#100 0.149 594.9 98.9 1.1 #N/A #N/A

#200 0.074 599.0 99.6 0.4 #N/A #N/A

#270 0.053 600.1 99.8 0.2 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By

Sample Source Sample No. Soil Description

BHPS KH150387A 7/22/2016 9/1/2016 MS

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Onsite B145  HA2 SAND, trace silt, trace gravel (SP)

601.6 0 Bioretention soil mix: burned sample

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

Everett Office | 2911 ½ 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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Diameter (mm) B145  HA2 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

0.6‐0.9

D10 (mm)

0.263

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 0.0 100.0 #N/A #N/A

#4 4.76 5.9 1.2 98.8 #N/A #N/A

#8 2.38 78.1 16.0 84.0 #N/A #N/A

#10 2 101.3 20.8 79.2 #N/A #N/A

#20 0.85 249.2 51.2 48.8 #N/A #N/A

#40 0.42 398.8 81.9 18.1 #N/A #N/A

#60 0.25 442.7 90.9 9.1 #N/A #N/A

#100 0.149 476.1 97.8 2.2 #N/A #N/A

#200 0.074 484.6 99.6 0.4 #N/A #N/A

#270 0.053 486.1 99.9 0.1 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By

Sample Source Sample No. Soil Description

BHPS KH150387A 7/22/2016 9/1/2016 MS

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Onsite B145  HA3 SAND, trace silt, trace gravel (SP)

486.7 0 Bioretention soil mix: burned sample

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

Everett Office | 2911 ½ 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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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 D10 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. 

Test Pit Location Soil Type 
D10

(mm) 
Infiltration Rate 

(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) 
D10: 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 D10 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 III-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 III-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. 

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

3. 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. 

4. 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. 

5. 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. 

6. 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 III-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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Pilot Infiltration Test Location

Dimensions:
- 5' x 4.5' footprint
- 3' x 3' bottom area
- 2.6' depth

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: 

T
LIR

where:

IR = Infiltration rate (inches/hour) 

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

T = 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. 

Time 

Staff Gage 
Reading a

(in) 
Depth a

(in) Notes 

Field Estimated 
Rainfall b

(in) 

Cumulative 
Rainfall 

(in) 

Adjusted 
Depth c

(in) 

Infiltration 
Rate

(in/hr) d

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 
2:15 PM 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 
3:15 PM 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 
5:15 PM 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:
a 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. 
b 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. 
c “Adjusted Depth (in)” = “Depth (in)” – “Cumulative Rainfall (in)”. 
d “Infiltration Rate (in/hr)” = L/ T = (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 ¾-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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Approximate location of site indicated by red outline 

Qvt Vashon 
till 

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 

Qva Advance 
Outwash 
Deposits 

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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Approximate location of site indicated by red outline 

Excerpt from Natural Resources Conservation Service, 2016, Web soil survey 
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Elevation, Project Datum (see text)

LEVEL SURVEY DATA

98.86 98.48

98.40

98.43

98.56
98.56

98.45

98.42

98.40

98.38

98.42

98.46 98.59
98.59

98.46

98.40

98.62 98.51

98.55

98.37
98.58

98.48

98.36

98.50

98.39

98.29

98.41

98.38

98.45

98.48

98.53

98.50

98.66

98.61

98.66

Overflow rim (NE 

corner): 98.90

S-1 (manhole, 

south rim: 100.0

Top of WP 

casing: 100.31

Obs port, top of 

casing: 100.15

2-inch piezo, top 

of casing: 102.51
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Cell B145 
 Level Survey Data 

 

  Elevation 
(feet, 
project 
datum) Location 

(S‐1) Manhole, south rim  100 

Overflow rim, NE corner  98.90  

Pre‐existing 2 inch PVC piezometer, top of 
casing 

102.51 

Pre‐existing observation port, top of 
casing 

100.15 

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 

 





Project Name Receptor Soils

Bioretention 

Soil over Qva

Project Number KH150387A Testing Performed By HFW

Date 8/31/16

Weather Cloudy, Intermittent Rain

Test No. B145 IT‐1, near overflow

Meter FM3

Water Source Irrigation System

Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐1, feet)

Wetted area 

(ft^2)

Depth to 

water, well 

point (feet)

Depth to water, 

observation 

port (feet)

Depth to water, 

from rim of 

overflow grate 

(feet)

Depth to water, 

pre‐existing 

piezometer (feet)

Notes

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

Bioretention Hydrologic Performance 

Assessment

Associated Earth Sciences, Inc.

Kirkland, WA

Appendix D

Infiltration Test IT‐1 Page 1/2

Bioretention Hydrologic Performance Study

Project No. KH150387A



Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐1, feet)

Wetted area 

(ft^2)

Depth to 

water, well 

point (feet)

Depth to water, 

observation 

port (feet)

Depth to water, 

from rim of 

overflow grate 

(feet)

Depth to water, 

pre‐existing 

piezometer (feet)

Notes

13:00:00 320.0 19.72 6272 0.13 44 Dry Dry 2.04 Dry Light rain continues

13:17:00 337.0 19.78 6607 0.13

Datalogger placed in 

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

14:00:00 380.0 19.72 7451 0.14 44 Dry Dry 2.04 Dry

Flow from inlet 

observed, Rain has 

stopped

14:15:00 395.0 19.61 7746 0.14

14:30:00 410.0 19.56 8041 0.14

Flow from inlet pipe 

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

15:15:00 455.0 19.67 8927 0.14

flow off, begin falling 

head

15:15:30 455.5 0.08

15:16:00 456.0 0.03

15:16:30 456.5 0.01

End of test, Datalogger 

retrieved

Associated Earth Sciences, Inc.

Kirkland, WA
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Project Name Receptor Soils

Bioretention 

Soil over Qva

Project Number KH150387A Testing Performed By HFW

Date 9/1/16

Weather Cloudy, rain

Test No. B145 IT‐2, near inlet

Meter FM3

Water Source Irrigation System

Time (24‐hr) Total (min)
Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐2, feet)

Wetted area 

(ft^2)

Depth to 

water, well 

point (feet)

Depth to water, 

observation port (feet)

Depth to water, from 

rim of overflow grate 

(feet)

Notes

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 4.41

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

Bioretention Hydrologic Performance 

Assessment

Associated Earth Sciences, Inc.
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Time (24‐hr) Total (min)
Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐2, feet)

Wetted area 

(ft^2)

Depth to 

water, well 

point (feet)

Depth to water, 

observation port (feet)

Depth to water, from 

rim of overflow grate 

(feet)

Notes

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

14:45:00 450.0 23.72 10703 0.08 4.29 at 14:39 4.41 at 14:30

Moderate rainfall 

begins, water off, no 

falling head due to 

stormwater flow into 

wetted area from 

testing

6/2/2016, 5.75 

at 07:29 Datalogger retrieved

Associated Earth Sciences, Inc.

Kirkland, WA
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Cell B145 view from north end 

 

Cell B145 overflow structure and pre-existing piezometer 
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Cell B145 inlet 

 

Cell B145 pre-existing observation port 
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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. 

    Project Name: 
Bioretention Hydrologic 
Performance Study 

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

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

 Review of project documents. 

 Site reconnaissance. 

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

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

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

 Excavate shallow hand augers through the bioretention soil. 

 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.” 

 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. 

 Conduct qualitative assessment of soil compaction via T‐probe. 

 Conduct infiltration testing. 

 Preparation of descriptive exploration logs for each exploration. 

 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 
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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: 
 

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

 GeoEngineers, Inc., Memorandum, Bloedel‐Donovan, May 19, 2003. 

 “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”. 
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 Level Survey:  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. 
 

 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. 
 

 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 
½ 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. 
 

 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. 
 

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

 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’.” 
 

 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 

 

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 

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. 
 

 Site‐specific documents cited previously under “Project and Site Description.”  

 Easterbrook, D.J., Geologic Map of Western Whatcom County, Washington, United States 
Geological Survey, Miscellaneous Investigations Map I‐854‐B, scale 1:62,500, 1976. 
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 Soil Survey of Whatcom County area, Washington, United States Department of Agriculture, 
Natural Resource Conservation Service (NRCS), 1992. 

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

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

 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 a closer scale, 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.  A flap was cut in this geomembrane 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 

 

Existing 
Monitoring Well 

Total Length 
of Casing 
(feet) 

Interior 
Diameter 

Stickup Height 
(feet) 

Total Depth Inside 
Casing Below 
Ground Surface 

Static Water Level, 
Date and Depth 

(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 

 

Exploration 
Number 

Depth 
(feet)  Soil Type 

Organic 
Content 
(% by 
weight) 

USCS Soil 
Description 

Fines 
Content (% 

passing #200)  Cu  Cc 
USDA Soil 
Texture* 

BDP‐HA‐1  0.1‐0.6  Bioretention 
Soil 

5.8  SAND (SP)  1.0%  3.7  1.0  Sand 

BDP‐HA‐3  0.7‐1  Bioretention 
Soil 

4.8  SAND (SP)  0.4%  3.4  1.3  Sand 

BDP‐HA‐2  0.8‐1.3  Undiffer‐
entiated 
Sediments 

Not 
tested 

Gravelly, very 
silty SAND 

(SM) 

30%  100  >20  Sandy clay to 
sandy loam 

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 1.0 to 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 

 

Parameter 
Recommended  

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  1 to 3  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)  4 to 10  2.2 

   #200 (0.074 mm)  2 to 5  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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Photo 1.  Cell BDP, southeastern inlet 
clogged with leaves. Some water bypass 
toward Electric Avenue.  9/2/16. 

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.   
 

During the test the ground water  level (as measured  in 
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.  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 site. 
 

After about 7 hours, AESI shut off the flow and monitored water level within the monitoring well as 
it fell.  AESI observed that the water in the monitoring well dropped about 0.3 feet in 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 
Area 

(square 
feet) 

Discharge 
Time 

(minutes) 

Total 
Volume 

Discharged 
(gallons) 

Approximate 
Constant 
Head Level 

(feet) 

Field Infiltration Rates 

Test No. 
Constant Head 
Test (in/hr) 

Falling Head 
Test (in/hr) 

BDP 
(bioretention 

soil) 

17  420  1,655  < ½ inch  ~25  Not measured 

BDP 
(subgrade) 

Shallow ground water mounding 
response in well point 

  Unknown   

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: 
 

 Bioretention soil  
 

o 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.   
 

o 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.  

 

 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. 
 

 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.   
 

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

 Shallow ground water  is present  in the  location of the BDP  facility as measured  in the 
monitoring well.  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.  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. 

 

 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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DURING ANY DITCH, CREEK & DRAINAGE WORK WATER SHALL BE DIVERTED
AROUND THE PROJECT WITH A PUMP OR OTHER ADEQUATE METHOD
APPROVED BY THE ENGINEER.

ANY MISCELLANEOUS DRAINAGE FOUND WILL BE REQUIRED TO BE REMOVED
OR CONNECTED TO THE NEW DRAINAGE SYSTEM WITH THE DIRECTION OF
THE ENGINEER.

NO EARTHWORK, INCLUDING CLEANING OF VEGETATION, GRADING FILLING,
EXCAVATION OR TRENCHING OF SOIL OR EARTH MATERIALS THAT WILL
RESULT IN AN EXPOSED EARTH AREA THAT EXCEEDS 500 SQ.FT. SHALL
BE PERMITTED FROM OCTOBER 1ST THROUGH APRIL 30TH.

STABILIZE SOILS- ALL EXPOSED AND UNWORKED SOILS SHALL BE
STABILIZED BY APPLICATION OF EFFECTIVE BEST MANAGEMENT PRACTICES,
THAT PROTECT THE SOIL FROM THE EROSIVE FORCES OF WATER & WIND
EROSION. NO UNWORKED SOILS SHALL REMAIN EXPOSED FOR MORE THAN
SEVEN (7) DAYS.

SAWCUTTING- SLURRY AND CUTTINGS SHALL BE VACUUMED DURING CUTTING
AND SURFACING OPERATIONS. SLURRY AND CUTTINGS SHALL NOT REMAIN ON
PAVEMENT OVERNIGHT.

THE CONTRACTOR SHALL BE RESPONSIBLE FOR THE INSTALLATION,
MAINTENANCE AND REMOVAL OF ALL EROSION CONTROL MEASURES
(SILT FENCE, STRAW BALE DAMS, SILT PONDS, ETC., AS DIRECTED BY
THE ENGINEER) THROUGHOUT THE DURATION OF THE PROJECT.

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
DRAINAGE WAYS SHALL BE PROTECTED FROM POLLUTION. NO MATERIAL IS
TO BE DISCHARGED OR DEPOSITED IN STORMWATER SYSTEMS THAT MAY
RESULT IN VIOLATION OF STATE OR FEDERAL WATER QUALITY STANDARDS.

THE CONTRACTOR SHALL BE RESPONSIBLE FOR CONSTRUCTING, MAINTAINING, &
REMOVING EROSION CONTROL MEASURES (SILT FENCE, STRAW BALE DAMS, SILT
PONDS, CATCH BASIN FILTERS, ETC.) THROUGHOUT THE DURATION OF THE PROJECT.
ALL EROSION CONTROL WORK IS CONSIDERED INCIDENTAL TO THE ITEMS OF WORK
IN THE CONTRACT FOR THIS PROJECT.

THE CITY OF BELLINGHAM WILL PROVIDE ALL CONSTRUCTION STAKING FOR
THIS PROJECT.

NO EARTHWORK, INCLUDING CLEARING OF VEGETATION, GRADING, FILLING,
EXCAVATING OR TRENCHING OF SOIL OR EARTH MATERIALS, THAT WILL RESULT
IN AN EXPOSED SOIL OR EARTH AREA THAT EXCEEDS 500 SQUARE FEET SHALL
BE PERMITTED FROM OCTOBER 1st THROUGH APRIL 30th WITHIN THE SILVER
BEACH NEIGHBORHOOD, EXCEPT AREAS 11 AND 15.

ALL CATCH BASINS WITHIN THE PROJECT LIMITS SHALL BE CLEANED OUT
AT THE COMPLETION OF THE PROJECT AND ANY MATERIAL REMOVED SHALL
BE PROPERLY DISPOSED OF. IN ADDITION, INLET PROTECTION MUST BE
PROVIDED FOR ALL EXISTING CATCH BASINS DURING CONSTRUCTION.

THE LOCATION OF EXISTING UTILITIES SHOWN IS APPROXIMATE. IT IS THE
RESPONSIBILITY OF THE CONTRACTOR TO FIELD VERIFY THESE LOCATIONS
PRIOR TO CONSTRUCTION.

UNDERGROUND UTILITIES ARE KNOWN TO EXIST IN THE AREA OF
CONSTRUCTION. IT IS THE RESPONSIBILITY OF THE CONTRACTOR TO
CONTACT THE UTILITY OWNERS FOR LOCATIONS AND TO NOTIFY THE
ENGINEER PROMPTLY OF ANY CONFLICT. THE ONE-CALL NUMBER FOR
UNDERGROUND UTILITIES IS: 1-800-424-5555.

THE CONTRACTOR SHALL BE RESPONSIBLE FOR MAINTAINING THE
INTEGRITY OF ADJACENT UTILITIES WHICH MAY INCLUDE, BUT ARE NOT
LIMITED TO, WATER, SEWER, STORM SEWER, POWER, TELEPHONE, CABLE
TV, GAS, IRRIGATION, AND STREET LIGHTING.

THE CONTRACTOR SHALL NOTIFY RESIDENTS AND BUSINESSES 48 HOURS
IN ADVANCE OF ANY WORK AFFECTING ACCESS OR SERVICE AND SHALL
MINIMIZE INTERRUPTIONS TO DRIVEWAYS FOR RESIDENTS AND BUSINESSES
ADJACENT TO THE PROJECT.

PUBLIC RIGHTS-OF-WAY SHALL BE KEPT IN A CLEAN AND SERVICEABLE
CONDITION AT ALL TIMES. IN THE EVENT MATERIALS ARE INADVERTENTLY
DEPOSITED ON ROADWAYS, THE MATERIAL SHALL BE PROMPTLY REMOVED.
MATERIALS ARE TO BE SWEPT AND REMOVED WITH A VACUUM SWEEPER.
PUBLIC AND PRIVATE DRAINAGE WAYS SHALL BE PROTECTED FROM POLLUTION.
NO MATERIAL IS TO BE DISCHARGED TO OR DEPOSITED IN STORMWATER
SYSTEMS THAT MAY RESULT IN VIOLATION OF STATE OR FEDERAL WATER
QUALITY STANDARDS.

NOTES

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
DRAINAGE WAYS SHALL BE PROTECTED FROM POLLUTION. NO MATERIAL IS
TO BE DISCHARGED OR DEPOSITED IN STORMWATER SYSTEMS THAT MAY
RESULT IN VIOLATION OF STATE OR FEDERAL WATER QUALITY STANDARDS.

ALL CATCH BASINS WITHIN THE PROJECT LIMITS SHALL BE CLEANED OUT
AT THE COMPLETION OF THE PROJECT AND ANY MATERIAL REMOVED SHALL
BE PROPERLY DISPOSED OF. IN ADDITION, INLET PROTECTION MUST BE
PROVIDED FOR ALL EXISTING CATCH BASINS. CB INSERTS OR ACCEPTABLE
ALTERNATIVE CAN BE USED.

DURING ANY DITCH, CREEK & DRAINAGE WORK WATER SHALL BE DIVERTED
AROUND THE PROJECT WITH A PUMP OR OTHER ADEQUATE METHOD
APPROVED BY THE ENGINEER.

ANY MISCELLANEOUS DRAINAGE FOUND WILL BE REQUIRED TO BE REMOVED
OR CONNECTED TO THE NEW DRAINAGE SYSTEM WITH THE DIRECTION OF
THE ENGINEER.

STORMWATER PERMIT & EROSION CONTROL PLAN TO BE SUBMITTED BY
THE CONTRACTOR. CONTRACTOR SHALL SUPPLY DETAILS ON CONSTRUCTION
TIMING, HAUL ROUTES AND CONSTRUCTION ENTRANCES, AND GROUND
STABIL1ZATION.

STORM NOTES

BEDDING AND BACKFILL FOR PVC STORM MAIN PIPE SHALL CONFORM TO
STANDARD PLAN SE-4.

BEDDING AND BACKFILL FOR PVC STORM MAIN PIPE SHALL CONFORM TO
STANDARD PLAN SE-4.

THE CONTRACTOR SHALL BE RESPONSIBLE FOR MAINTAINING EROSION
CONTROL MEASURES (SILT FENCE, STRAW BALE DAMS, SILT PONDS,
ETC., AS DIRECTED BY THE ENGINEER) THROUGHOUT THE DURATION OF
THE PROJECT.

DURING CONSTRUCTION PLACE CB INSERTS UNDER ALL EXISTING AND
PROPOSED CATCH BASIN GRATES WITHIN THE PROJECT SITE.

GENERAL
ALL WORK SHALL CONFORM TO THE 2002 STANDARD PLANS AND
SPECIFICATIONS OF THE WASHINGTON STATE DEPARTMENT OF
TRANSPORTATION (WSDOT) , AND CITY OF BELLINGHAM STANDARDS
UNLESS INDICATED OTHERWISE BY THE CONTRACT DOCUMENTS.
IN CASE OF A CONFLICT BETWEEN THE REGULATORY STANDARDS
OR SPECIFICATIONS, THE MORE STRINGENT REQUIREMENT WILL
PREVAIL.

ALL TRENCH EXCAVATIONS CROSSING EXISTING PAVEMENT SHALL BE
CONDUCTED IN ACCORDANCE WITH BELLINGHAM STANDARD PLAN ST-3.

ALL TRENCH EXCAVATION SHALL BE ACCORDING TO SECTION 7-08
OF THE STANDARD SPECIFICATIONS.

THE BEDDING SHALL BE ACCORDING TO SECTION 7-08 OF THE
STANDARD SPECIFICATIONS. THE BEDDING FOR PVC PIPE SHALL BE PEA
GRAVEL, ACCORDING TO CITY OF BELLINGHAM STANDARD PLAN NO.SE-4.

ALL TRENCH BACKFILL UNDER EXISTING OR FUTURE PAVING SHALL BE
BANK RUN GRAVEL FOR TRENCH BACKFILL AND SHALL BE COMPACTED
TO 95% OF MAXIMUM DENSITY.

TRENCH EXCAVATIONS SHALL NOT BE LEFT OPEN OVERNIGHT.
CONNECT NEW CONSTRUCTION TO EXISTING AS SHOWN ON THE PLANS
OR AS DIRECTED BY THE ENGINEER.

PLUG ALL CULVERTS, SEWERS, AND CONDUITS PRIOR TO ABANDONMENT.

ALL LAWN AND VEGETATED AREAS WILL BE RESTORED TO ORIGINAL CONDITION.

THIS PROJECT REQUIRES VARIOUS PERMITS AS OUTLINED IN THE SPECIFICATION
GENERAL PROVISIONS. ALL WORK SHALL BE PERFORMED IN A MANNER TO
ASSURE CONFORMANCE WITH THE PERMIT REQUIREMENTS.

THE CONTRACTOR SHALL ATTEND PRE-CONSTRUCTION CONFERENCE WITH
THE CITY OF BELLINGHAM ENGINEERING DIVISION PRIOR TO BEGINNING
CONSTRUCTION.

SHEET INDEX
1-COVER SHEET
2-PLAN/PROFILE PARKING LOT/ LAKE FRONT
3-PLAN/PROFILE PARKING LOT / ELECTRIC AVE.
4-PLAN/PROFILE INTERSEC. ALABAMA ST. / ELECTRIC AVE.

CITY OF BELLINGHAM, WASHINGTON
EV-20

NORTH SHORE WATER QUALITY PROJECT

3

15

20

20

20

20

OUANTITY •
1GALLON/EACH

SNOWBERAY (SYMPHORICARPOS ALBUS)

KINNIKINNICK (ARCTOSTAPHYLOS UVA-URSI)

HUCKLEBERRY (VACCINIUM OVAnJM)

BLACK lWINBERRY (LONI UVA INVOLUCRATA)

LEG END

o

PLANTS

4 HARDHACK (SPIREA DOUGLASlI)

1f*~ NOOTKA ROSE (ROSA NUTKANA)

PLANT LOCATIONS TO BE DETERMINED ON SITE BY PLANNING OR PARKS STAFF.

PLANTS

12 -18%
20 - 25%
75 - 80%

Percent Passing
100
80-100
10-40

(4
(2

Sieve Number
1" Square
3/4" Square
3/8" Square

U.S. No.4
U.S. No.2oo

EXISTING PROPOSED EXISTING PROPOSED

RIGHT OF WAY LINE ------ UNDERGROUND POWER ----p-----

PROPERTY LINE UTILITY POLE -0- ......
CENTER LINE SIDEWALK

WATER MAIN w CURB & GUTTER

WATER SERVICE ----w----- EDGE OF PAVEMENT

WATER VALVE 8 0 EDGE OF GRAVEL/DIRT --------------- --------
FIRE HYDRANT <>- --- WHEELCHAIR RAMP ~

~
\ " I\-J-.1-.I

SANITARY SEWER MAIN s BUILDING LINE -----

SANITARY SEWER SERVICE ----s---- TREE LINE ~
STORM SEWER MAIN 0 FENCE LINE x--x--

STORM SEWER SERVICE -----D----- WALL LINE (ROCK) ceca:::cco c:.:::a
OR ==: : : ==: =

SEWER MANHOLE 0 • WALL LINE 777777777777 ••••
STORM MANHOLE @ ~

0SHRUBS 9
CATCH BASIN 0 • **_0 eeCULVERT --------------- TREES---------------
DRAINAGE DITCH

CREEK RIP RAP @ ~

GAS MAIN CATCH LINE .....................
G

GAS SERVICE ----G----- JUNCTION BOX TYPE I ~ IZI

UNDERGROUND TELEPHONE LUMINAIRE ~ ~T

FIBER OPTIC LINE FO SIGNAL POLE Q::::::::::::- a--

MONUMENT $ SILT FENCE ••••••••••••••
SAND BAG CHECK DAM QnO IEXPIRES: 3!4!D~

RECORD DRAWING

VICINITY MAP

Geomembrane Specification:

Drain Rod< Specification:

Sand Specification:

Composted Organics
Total Organic Matter
Sand

Grab TensBe (lbs) 200
Elongation (%) 50
Tear (lbs) 85
Puncture (lbs) 110
AOS (sieve) 80
Permittivity (sec-1) 1.4
Permeability (em/sec) 0.38
Water Row (gpm/ft2) 90
Thickness (mil) 85

Amended Soil Specification:

Non-woven Geotextile for underground drainage
filtration.

The sand in a filter must consist of a medium sand
meeting the size gradation (by weight).
U.S. Sieve Number Percent Passing

4 95-100
8 70-100

16 40-90
30 25-75
50 2-25

100 ~

200 (2

RAIN GARDEN
SPECIFICATIONS

FOR MORE INFORMATOIN CONTACT: KIRK CHRISTENSEN, PROJECT ENGINEER, AT 676-6961
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3'±
12" 12" 12"

330

4

---

V0020-02

SHEET

38 LF PVC
f-3! OF a"~ 59 PIPE @ 2.57%

..~

, "

1.) STORMFILTER BY STORMWATER MANAGEMENT,
PORTLAND, OREGON (503-240-3393).

2.) ALL STORMFILTERS REQUIRE REGULAR
MAINTENANCE. REFER TO OPERATION AND
MAINTENANCE GUIDEUNES FOR DETAILS.

3.) PRECAST CONCRETE VAULT TO BE
CONSTRUCTED IN ACCORDANCE WITH ASTM C858.

4.) INLET AND OUTLET PIPING TO BE SPECIFIED
BY ENGINEER AND PROVIDED BY CONTRACTOR.

5.) ANTI-FLOATATION BALLAST TO BE SPECIFIED
BY ENGINEER. BALLAST TO BE SET ALONG
ENTIRE LENGTH OF BOTH SIDES OF VAULT.
BALLAST MATERIALS TO BE PROVIDED BY
CONTRACTOR.

6.) PRECAST STORMFILTER EQUIPPED WITH
KNOCKOUTS AT ALT. INLET10UTLET LOCATIONS.
CORINGS AVAILABLE WHEN SPECIFIED.

7.) DETAIL REFLECTS DESIGN INTENT ONLY.
ACTUAL VAULT DIMENSIONS AND CONFIGURATION
WILL BE SHOWN ON THE PRODUCTION SHOP
DRAWING.

IN 4" PLASTIC ( ) 312.96
NV. 4" CONC ( ) 312.96

RIM EL. 317.8 (SOLI LID)
INV 4"~ (N) 314.50
INV. 8n~ (NE) -~~

EXISTING CB RI 314.29
INV 4" PVC ) 312.99

"<1

GALV DIAMOND PLATE
TORSION DOOR

STORM FILTER
CARTRIDGE (TYP)

PIPE MANIFOLD (TYP)

ENERGY DISSIPATOR

BAFFLE WALL (TYP)

6'x12' PRECAST STORMFILTER™- SECTION A-A
SCALE: N.T.S

NORTH SHORE WATER QUALITY PROJECT
PARKING LOT - LAKE FRONT

6" 612 TOP WITH 3660P
AND (2) 24"x4" MANHOLE

FRAMES AND COVERS

6 x12' PRECAST TORMFILTER 'A'
OP EL. 319.05
a"~ IN 317.30
"~ OUT 315.00

4.46'

114' OF 8'(1} 01 PIPE @~.~

109 LF

A

Job. No. EV-0020

Date 07/07/03. .
Field Bk.

1

------

RIM EL 318.9±
INV 8"~ (SW) 3'~~

KNOCKOUT (TYP)
FOR ALTERNATE
INLET PIPE (SEE NOTE 6)

INLET PIPE
(SEE NOTE 4)

CITY

EXISTING CB RIM 323.51
INV 4" ( ) 322.21
INV. a" NE) 322.21

3L
+ OF a"~ 01 PIPE @ 0.25%

--- -

RIM . .
INV. a"~ (S ,NE&S) 3~.~
BonOM EL 313.37

'. <Ul

4:
<1

310I----I~~~~~~~;:_:;::_;;_t_----t_----+-----+-----+-----+---I

310

320

BALLAST (SEE NOTE 5)

• .'" <1' •

DATUM ELEV
305.00

0 co 0'1 0 C'J C'J t') ~

0) 00 00 0'1 0'1 0'1 0) 0'1 0'1
~ ~ ~ ~ ~ ~ ~

~

t') t') t') t')
~

t') t') t') t') t')

0+00 0+50 1+00 1+50

DATUM ELEV
300.00

0 Ol t') 0 Ol t"-- 0'1 ~ LO
to ~ d

t"-- LO LO
t') C'J Ol r' r' to ~ ~

C'J C'J C'J C'J C'J
to

t') t') t')
~ ~ ~ ~ ~ ~ ~

t') t') t') t') t') t') t') t') t')

0+00 0+50 1+00 1+50 2+00 2+50

<1

PAVEMENT

6'x12' PRECAST STORMFILTER
TW

- PLAN VIEW
SCALE: N.T.S

BEGIN TRANSITION FROM
FULL HEIGHT CURB TO
OVERFLOW CURB 320.----'-x-jt...------lr------t------f-----+------+-----+------+----I

PRECAST
CONCRETE

VAULT

A

OUTLET PIPE
(SEE NOTE 4)

LAKE WHATCOM

1

Drawing
Date: 02-23-07

IEXPIRES: 3/4/ ol

City of Bellingham

APPROVED

CURB CUT (TYP)
SEE DETAIL

~

DOUJ;LE SIDED
INTERPR,TlVE SIGN

Record
By: _...::..;R:.::;S..;..:,W__

h C.B #1 TYPE-1L
WITH 3 SHUTOFF
VALVES

R~OVABLE SECTION OF FENCE

~

ASPH~'>v BERM 2' WIDE x 3 d HIGH----­
.... " (CONTROLS AND DIRECTS
D~GE TO RAIN GARDEN)

RAIN GARDEN.

~
~~

~4

ASPHA~ BERM 2' WlD.~ 3"
HIGH (c.c;!(.~ROLS AND D. 'ECTS
DRAINAGE ,V CATCH BA 'NS).

C.B #~TYPE-1

\
~

C.B ~ TYPE-1
STA 1+6\@ C/l

2" MIN. A.C. OVERLAY

40

I

7" MIN. ASPHALT TREATED

~E CLEANOUTl
COMPACTED SUBBASE (TYP)
(SEE C.O.B. DWG ST-3)

~~~g-'BRANE 'i ~ I
;' ~ I I
~ I I I

50' OF 4"hERFORA D"~ I I I

C ( EE SHEET 3 OF 4 R I
)tjllS) I I

~ (' ~ I
6,112, PRECAST I

STtRMFILTER 'A' I

#2 TYPE-\ 48"¢

;0

GRAPHC SCALE

CEMENT CONCRETE
BARRIER CURB

(SEE DETAIL)

CURB CUT SEE PLAN
FOR LOCATIONS

o 10 20

~I
( IN FEET )

r - 20'

INFILTRATION

SECTION A-A

_---..;K.-;;.;.I..;....;;,R.:....:.,K_C.=...;;H...;..:,R....:.:.I=-ST.:..,:E::.:....N:..=;S.=E:....:..N__ , PROJECT ENGINEER AT 676-6961

BARRIER
OVERFLOW CURB
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V0020-03

SHEET

Drawing
Date: 02-23-07

NOTE:
• DRAINFIELD MAY BE ENLARGED

AS DIRECTED BY ENGINEER

• REMOVE SOD WITH SODCUTTER, SET
ASIDE FOR REINSTALLATION, (KEEP
WATERED). HYDROSEED OR REPLACE
WITH NEW SOD AS NECESSARY.

Record

B RSWY=----

EXISTING GROUND
PROFILE

City of Bellingham

APPROVED

l' MIN. t-

6.) PRECAST STORMFILTER EQUIPPED WITH KNOCKOUTS

AT ALT. INLET10UTLET LOCATIONS. CORINGS AVAILABLE
WHEN SPECIFIED.

7.) DETAIL REFLECTS DESIGN INTENT ONLY. ACTUAL
VAULT DIMENSIONS AND CONFIGURATION WILL BE SHOWN
ON THE PRODUCTION SHOP DRAWING.

3.) PRECAST CONCRETE VAULT TO BE CONSTRUCTED IN
ACCORDANCE WITH ASTM C858.

4.) INLET AND OUTLET PIPING TO BE SPECIFIED BY
ENGINEER AND PROVIDED BY CONTRACTOR.

5.) ANTI-FLOATATION BALLAST TO BE SPECIFIED BY
ENGINEER. BALLAST TO BE ALONG ENTIRE LENGTH
OF BOTH SIDES OF VAULT. BALLAST MATERIALS TO BE
PROVIDED BY CONTRACTOR.

1.) STORMFILTER BY STORMWATER MANAGEMENT,
PORTLAND, OREGON (503-240-3393).

2.) ALL STORMFILTERS REQUIRE REGULAR MAINTENANCE.
REFER TO OPERATION AND MAINTENANCE GUIDELINES
FOR DETAILS.

3'

A

KNOCKOUT (TYP)
OR ALTERNATE

INLET PIPE (SEE NOTE 6)

INLET PIPE
(SEE NOTE 4)

6'

""

NORTH SHORE WATER QUALITY PROJECT
PARKING LOT - ELECTRIC AVENUE

GALV DIAMOND PLATE
TORSION DOOR

" "<74

6'

STORM FILTER
CARTRIDGE (TYP)

PIPE MANIFOLD (TYP)

ENERGY DISSIPATOR

BAFFLE WALL (TYP)

Job. No. EV-0020
Date 07 /07103
Field Bk. 1

<1

3'

CITY

DATUM

L

SCALE: N.T.S

INFILTRATION TRENCH DETAILS
NTS

6'x12' PRECAST STORMFILTER
TN

- SECTION A-A

6" 612 TOP WITH 3660P
AND (2) 24"x4" MANHOLE

FRAMES AND COVERS

SCALE: N.T.S

6'x12' PRECAST STORMFILTER
TN

- PLAN VIEW

r BALLAST (SEE NOTE 5)

PRECAST
CONCRETE

VAULT

A

OUTLET PIPE
(SEE NOTE 4)

4.29'

SCALE
Horiz. 1"=20'

V rt 1"= 5'e ..

NATIVE BACKFILL

FILTER FABRIC
AROUND DRAIN ROCK

*"¢ WASHED DRAIN ROCK-1m~~~?JJ~!t.._.......-_

4"0 PERFORATED PVC PIPE --Il~tJ1"'b"'f;),~~~~
WRAPPED WITH FILTER FABRIC ~~~~~~o..~

o

, ,
I I

: .v'I I
I I
I
!/~I/1

I I

:~'I I
I I
I I

, '~I , I
1 1 1

CITY OF BELLINGHAM, WASHINGTON
PUBUC WORKS DEPARTMENT

EN<3INEERING DIVISION

2+00

50' OF 4"¢' PERFORATED PVC PIPE
@ 0.00% AT 6' C/C

BUILDING

REMOVE AND REPLACE EXISTING
CATCH BASIN WITH 48"¢, C.B. TYPE-2
RIM EL. 318.12
EX. INV. 8"¢, PVC (W) 315.57
EX. INV. 6

n
¢' PVC (SE) 315.32

EX. INV. 6"¢, PVC (N) 315.27

INV. 8-C' PVC (SW) 315.27
INV. 4-C' PERF. PVC (E) 314.94
BOTTOM OF C.B. EL 311.27

SD CB
RIM 318.12
INV W 315.57
INV S 315.32
INV N 315.27

SD CB
RIM 318.5
INV N 316.85

..
I /1'
I / I

~' :, I
I , I

/ "I ,
1 1 f

1+50

DIR. PUBLIC WORKS _----:;,R....;.;;.~E:.;:;.;..M.;;..;...=---_
CITY ENGINEER__---..;.R..;.;•..;.;A.;.;..;.R....;..~__

OPER. ENGINEER T~.=-=L~.R....:..:.:..--__

: YI I I I i I: i 1/: I I I I I I
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I
I

! ~
I f'" I I

: I "': :
ASPHALT BERM 2' WlD~ 3"
HIGH (CONTROLS AND DIR~
DRAINAGE TO RAIN GARDEN)

~~~- ASPHALT fill

1+00

,, y'I I
I I
I

~'~' I

SD MH
RIM 318.12

INV NW 314.82

PROJECT ENGINEER __--:K:....:.;.::..:..N..:...::...=C.:-.__

DESIGNED/DRAWN __-=0:...::..:.F:.....:.:...=O~. _

INSPECTOR

CHAINUNK FENCE
5' TALL

0+50

I
I

30'
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SD CB I
RIM ·321.25 I rl1;8sn-CcPPips--~~::_--.1£Ln:J:~~=~~
NV N 318.7 SD MH
INV"E @ BO, 321.12
OF 90· ELBd> )NV E @ TOP OF
DOWN 318.4P 90· ELBOW UP

I I /~ 319.12
: INV E 317.97

I lAWN INV WYU2
I
I
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I
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~F .OF 8"¢, 1

D.I.r\@ o. 0% \
N T T\ E:X!C.B. ,

j {- - \
\TYP -l.. \S. :
'<'i 1'7 '
\ hPE·~l ~.s.
iRfM EL 32~16

, "NV (N) .~115
)\ 318.71 .(PL G) I ...

I :::t

I \ .. A~INIGAR1

, .. ~:f c.B.
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en

.
GRADE A ROUND VAULT AND

REMOVE AN D REPLACE EXI~ TlNG

CATCH B) SINS AS DIREClED~
~TCH BASIN WITH 48"¢1 C.B. TYf tlE-2

BY ENI ;INEER, MAX 10. D%
RIM EL. 3 8.12

EX. INV. 8"¢' PVC (W) 3~ 5.57
EX. INV. Io"¢' PVC (SE) 3~ 5.32

6'x12' PRE<~AST STORM FIL~R 'B' -

~
EX. INV. 6"¢ PVC (N) 3 5.27

TOP EL. ~19.8± INV. S~. PVC (SW) 31 5.27
INV 8"¢ IN 317.88 INV. 4-. PI~RF. PVC (E) 31 ~.94

INV 8
n

¢' OUT 315.58 BOTTOtt OF C.B.. EL 3~ 1.27
~-- -- \--- 4f~ ~- /1 LAPPRO)( IMATE GROUND PROFILE

f-.I ~ - -I-

62 U,. OF 8"¢'-r--- - --- - AT C/L PERFORATED PIDE

~
,.- - r---- - ---D.1. @ 0.50% -"'1_----

3' OF 8"¢ D.I. @ 2.00%
62' OF 8"¢ SIo PIPE @ 0.50% 50' OF 4"¢ PERFOR~TED

W PVC PIPE @ 0.00% 'Q RUNS)_
~~""~L;~"'_ ~~ - -~

C.B #7 TYPE-1
""'-INV. 315.5E J '-IN\. "-TOP ~L. 319.5± 2~ INV. 315.2~ 314.94 CLEANOUT

INV 8"¢ ( UT 317.94 C.B D6 J. 8"~ TYPE-2 RIM EL. 317.7±
RIM EL. 319.9± INV. 314.94
INV. 8"¢ (NE&SE) 317.9(1 --
BOnOM EL. 313.90

0) L() «) L() .q-
0) 0) 00 00 00
~ ~ ~ ~ ~

f'l) f'l) f'l) f'l) f'l)

o

0+00

_---=K...:..:.I.:...:.R:...::..K_C=-::.H..:.::.R...;.:,.IS=-T=-=E::.::...;N:..=,S..=.E:...::..N__ , P ROJ ECT ENGIN EER AT 676- 6961
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ltaI'f1OVB:) R.O.W.

City of Bellingham

APPROVED

\ EX 18 CONC
OUTFAll
INV 31 4.36

--

~

",-0\

C.B. #9 TYPE-2 60"{6

8'x16' PRECAST STORMFllTER

18"{6 BYPASS/OVERFLOW LINE

C.B. #8 TYPE-2 48"¢

APPROXIMATE lOCATION
OF 18"¢ PIPE.

HOUSE

----
I
I

I
I
I

I

I.L.O

~ it ~ r-- 8'x1 p' PRECAST STC RMFllTER
~~ ~ 0 TOP El. 323.70
o co ~ gi INV 6»~ IN 321.00
~ ~ r- ~f'.: INV 8"{6 OUT 318.70

_ ~r'.c'"\ r~

30'

Ul

~;'7 ~

I ~ I I I I I
CONCRETE BLOCK--- I RETAINING WALLS

I ' ..\ ..

I
,

:::) r\ •• SD CB 0\ Z,
•• RIM 323.70,

~
, _ INV N 321.,

I (1)0
6

1

HIGH CHAIN LINK FENCE-II
~

WITH GREEN VINYL STRIPES

~\<v~

I O¢-w \J"'t--<0
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APPENDIX B 
 

Current Study Exploration Logs and 
Laboratory Testing Data 

 



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

Cell BDP 

Exploration Latitude and Longitude 

Exploration  Latitude  Longitude 

BDP‐HA‐1  48.76025  ‐122.42065 

BDP‐HA‐2  48.76030  ‐122.42059 

BDP‐HA‐3  47.76024  ‐122.42658 

 



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.

Drain Rock
Loose rounded gravel (~1 to 1.5 inches) (GP).

Note:  Encountered geomembrane fabric at 1.7 feet.  Cut and folded back a
flap of material.  Replaced flap of material during backfill.

Bottom of exploration boring at 1.8 feet
Refusal due to caving gravel.  No seepage.
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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.
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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.
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         Moisture, Ash, and Organic Matter of Peat 
         and Other Organic Soils - ASTM 2974

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 Soil 483.71 Dry Weight of Soil 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 Wt. Loss Due to Ignition 29.56
Actual Wt. Of Soil After Burn 460.67 Actual Wt. Of Soil After Burn 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      



Depth (ft)

0.8‐1.3

D10 (mm)

<0.01

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 0.42 335.5 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

BHPS

Date Tested

9/1/2016

Total Sample Dry Wt. (g)

698.5

Reference Specification

Not applicable: native material

Sample Source

Onsite

Soil Description

gravelly, very silty SAND (SM)

10

Moisture Content (%)

Sample No.

BDP  HA2

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

KH150387A 7/29/2016 MS
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Depth (ft)

0.1‐0.6

D10 (mm)

0.284

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 0.3 0.1 99.9 #N/A #N/A

#4 4.76 8.0 1.7 98.3 #N/A #N/A

#8 2.38 74.7 16.2 83.8 #N/A #N/A

#10 2 93.0 20.1 79.9 #N/A #N/A

#20 0.85 214.0 46.3 53.7 #N/A #N/A

#40 0.42 380.5 82.4 17.6 #N/A #N/A

#60 0.25 427.1 92.5 7.5 #N/A #N/A

#100 0.149 448.8 97.2 2.8 #N/A #N/A

#200 0.074 457.0 99.0 1.0 #N/A #N/A

#270 0.053 459.9 99.6 0.4 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By

Sample Source Sample No. Soil Description

BHPS KH150387A 7/29/2016 9/1/2016 MS

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Onsite BDP  HA1 SAND, trace silt, trace gravel (SP)

461.7 0 Bioretention soil mix: burned sample

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.
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Diameter (mm) BDP  HA1 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.
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Depth (ft)

0.7‐1

D10 (mm)

0.421

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 0.0 100.0 #N/A #N/A

#4 4.76 8.6 1.4 98.6 #N/A #N/A

#8 2.38 86.3 14.6 85.4 #N/A #N/A

#10 2 109.7 18.5 81.5 #N/A #N/A

#20 0.85 433.4 73.2 26.8 #N/A #N/A

#40 0.42 533.3 90.1 9.9 #N/A #N/A

#60 0.25 562.7 95.1 4.9 #N/A #N/A

#100 0.149 582.3 98.4 1.6 #N/A #N/A

#200 0.074 589.1 99.6 0.4 #N/A #N/A

#270 0.053 590.2 99.7 0.3 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By

Sample Source Sample No. Soil Description

BHPS KH150387A 7/29/2016 9/1/2016 MS

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Onsite BDP  HA3 SAND, trace silt, trace gravel (SP)

591.8 0 Bioretention soil mix: burned sample

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.
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Diameter (mm) BDP  HA3 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer
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APPENDIX C 
 

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

and Laboratory Testing Data) 
 





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

 

Approximate location of site indicated by red outline 

 

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 
 

 

Approximate location of site indicated by red outline 

Excerpt from Natural Resources Conservation Service, 2016, Web soil survey  



 

 

 
 
 
 
 
 

APPENDIX D 
 

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

Elevation, Project Datum (see text)

LEVEL SURVEY DATA

S-5, Corner of 

grate = 98.12

S-1 = 100

98.66

98.14

S-2 Overflow Weir, 

S. Edge = 98.94

MW, ground surface 

inside cover: 98.51;

Top of casing: 98.97

100.19

S-4, Curb 

corner: 100.75

S-3 Overflow Weir, 

N. Edge = 98.94

S-1, Center sewer 

manhole: 100;

Survey nail near S-1: 

99.62

D2

North curb cut, middle, 

bottom edge: 99.82

South curb cut, middle, 

bottom edge: 100.46
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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 
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1.6 

1.9 

1.9 

1.6 

1.9 

1.8 

1.6 

AVERAGE: 
1.7 

 





Project Name Receptor Soils

Project Number KH150387A Testing Performed By

Date 9/2/16

Weather Cloudy, some rain

Test No. BDP IT‐1

Meter FM1/FM3

Water Source Hose bib

Time (24‐hr) Total (min)
Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐1, feet)

Wetted area 

(ft^2)

Depth to Water, 

monitoring well, 

below top 

temporary casing 

(feet, stickup: ~1.5ft 

from ground 

surface))

Weather

Flow (southern 

curb cut, visual 

estimate, 

gallons per 

minute)

Flow (northern 

curb cut, visual 

estimate, 

gallons per 

minute)

Notes

8:30:00 0.0 0 Dry 3.43 Rain

Flow on, issue with 

flow meter rate 

reading.

8:32:00 0.0 Dry

Flow off, swap flow 

meter.

8:33:00 0.0 3 0 Dry

Flow on, restart test, 

time zero, totalizer 

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

Bioretention Hydrologic Performance 

Study

Bioretention Soil over 

Undifferentiated Alluvium

ADY

Associated Earth Sciences, Inc.

Kirkland, WA
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Time (24‐hr) Total (min)
Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐1, feet)

Wetted area 

(ft^2)

Depth to Water, 

monitoring well, 

below top 

temporary casing 

(feet, stickup: ~1.5ft 

from ground 

surface))

Weather

Flow (southern 

curb cut, visual 

estimate, 

gallons per 

minute)

Flow (northern 

curb cut, visual 

estimate, 

gallons per 

minute)

Notes

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

15:30:00 417.0 4.17 1,655 Dry 17
2.48

Flow off, begin falling 

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 

06:59

Retrieve 

datalogger

Associated Earth Sciences, Inc.
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Gap under weir board in Cell BDP 

 

Pre-existing monitoring well and cover in Cell BDP 
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Cell BDP monitoring well cover, closed 

 

Overflow structure in Cell BDP 



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

 

Diversion of stormwater flow to street during storm event during infiltration testing, due to leaf litter 

collected in curb cut 
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Deliverable 4.5, Site IHS, Geotechnical/Soils Assessment Design Data and 
Current Conditions, Issaquah High School, Issaquah, 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. 

    Project Name: 
Bioretention Hydrologic 
Performance Study 

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

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

 Review of project documents. 

 Site reconnaissance. 

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

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

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

 Excavate shallow hand augers through the bioretention soil. 

 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.” 

 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. 

 Conduct qualitative assessment of soil compaction via T‐probe. 

 Conduct infiltration testing. 

 Preparation of descriptive exploration logs for each exploration. 

 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 2nd 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 
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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: 
 

 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. 

 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. 

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

 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). 

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

 Construction and Post‐Construction Photographs. 

 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. 
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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 I 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 I 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.” 
 

 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. 
 

 Inflow:  Two inflow pipes are present on the north side of cell IHS. 
o 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. 
 

o 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. 
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 Overflow:  The overflow consists of Type I 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’. 
 

 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 3½ 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.  A slip 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. 
 

 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 

 

Location 
Elevation  

(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: 
 

 Site‐specific documents cited previously under “Project and Site Description.”  
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 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. 

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

 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. 

 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. 

 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 a closer 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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 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 
 

Existing 
Piezometer 

Total Length 
of Casing 
(feet)  Interior Diameter  

Stickup Height 
(feet)

Total Depth Inside 
Casing Below 
Ground Surface 

IHS 24‐1 
(south) 

13.4  4‐inch nominal  0.8  12.6 

IHS 24‐2 
(northwest) 

13.0  4‐inch nominal  1.0  12.0 

 
 

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 
 

Exploration 
Number 

Depth 
(feet)  Soil Type 

Organic 
Content 
(% by 
weight) 

USCS Soil 
Description 

Fines 
Content 
(% passing 
#200)  Cu  Cc 

USDA Soil 
Texture* 

IHS‐HA‐1  0.3‐0.6  Bioretention 
Soil 

6.0  SAND, some silt, 
trace gravel 
(SW‐SM) 

5.2  6.8  1.1  Sand 

IHS‐HA‐2  1.0‐1.3  Bioretention 
Soil 

5.6  SAND, trace silt, 
trace gravel 

(SW) 

4.8  7.5  1.2  Sand 

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 equal to 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 

 

Parameter 
Recommended  

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  1 to 3  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)  25 to 40  22.8 

   #100 (0.15 mm)  4 to 10  7.6 

   #200 (0.074 mm)  2 to 5  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 (SG‐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 level in 
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 
Area 

(square 
feet) 

Discharge 
Time 

(minutes) 

Total 
Volume 

Discharged 
(gallons) 

Approximate 
Constant 
Head Level 

(feet) 

Field Infiltration Rates 

Test No. 

Constant 
Head Test 
(in/hr) 

Falling Head Test 
(in/hr) 

IHS 
(bioretention 

soil) 
230  368  52,277  0.25  61  37 

IHS 
(subgrade) 

Shallow ground water 
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. 
 

 Bioretention soil 
 

o Thickness:  The apparent thickness of loose bioretention soil based on soil probe 
data was generally about 1.5 feet as indicated on the plan. 
 

o 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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Cell IHS 

Exploration Latitude and Longitude 

Exploration  Latitude  Longitude 

IHS‐HA‐1  47.52127  ‐122.02654 

 



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

Date Sampled Project Project No. Soil Description
7/6/2016 BHPS KH150387A
Tested By Location EB/EP No. Depth Bioretention soil mix
MS IHS IHS

Moisture Content IHS Moisture Content IHS 
Sample ID HA1 0.5-0.8 Sample ID HA2 0.1-0.9
Wet Weight + Pan 869.3 Wet Weight + Pan 616.9
Dry Weight + Pan 770.4 Dry Weight + Pan 527.6
Weight of Pan 334.4 Weight of Pan 100.7
Weight of Moisture 98.88 Weight of Moisture 89.34
Dry Weight of Soil 435.97 Dry Weight of Soil 426.84
% Moisture 22.7 % Moisture 20.9

Organic Matter and Ash Content Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 770.4 Dry Soil Befor Burn + Pan 775.2
Dry Soil After Burn + Pan 744.3 Dry Soil After Burn + Pan 751.1
Weight of Pan 334.4 Weight of Pan 348.5
Wt. Loss Due to Ignition 26.13 Wt. Loss Due to Ignition 24.10
Actual Wt. Of Soil After Burn 409.84 Actual Wt. Of Soil After Burn 402.61
% Organics 6.0 % Organics 5.6

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



Depth (ft)

0.6‐1.0

D10 (mm)

0.182

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 5.4 1.3 98.7

#4 4.76 16.4 4.1 95.9

#8 2.38 80.3 19.8 80.2

#10 2 98.5 24.3 75.7

#20 0.85 212.4 52.5 47.5

#40 0.42 310.2 76.6 23.4

#60 0.25 349.3 86.3 13.7

#100 0.149 374.0 92.4 7.6

#200 0.074 383.7 94.8 5.2

KH150387A 7/6/2016 GS

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

IHS

Date Tested

10/7/2016

Total Sample Dry Wt. (g)

404.7

Reference Specification

Bioretention soil mix: burned sample

Sample Source

Onsite 

Soil Description

SAND, some silt, trace gravel (SW‐SM)

0

Moisture Content (%)

Sample No.

IHS  HA1

4 3 2 1.5 1 3/4 1/2 3/8 3.5 4 6 8 10 14 16 20 30 40 50 60 100 140 200 270 400 500 635
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Diameter (mm) IHS  HA1 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

0.1‐0.9

D10 (mm)

0.185

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 6.2 1.5 98.5 #N/A #N/A

#4 4.76 9.1 2.2 97.8 #N/A #N/A

#8 2.38 87.3 21.2 78.8 #N/A #N/A

#10 2 110.1 26.7 73.3 #N/A #N/A

#20 0.85 237.8 57.7 42.3 #N/A #N/A

#40 0.42 320.7 77.8 22.2 #N/A #N/A

#60 0.25 358.2 86.9 13.1 #N/A #N/A

#100 0.149 380.6 92.3 7.7 #N/A #N/A

#200 0.074 392.3 95.2 4.8 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

412.3 0 Bioretention soil mix: burned sample

Onsite IHS  HA2 SAND, trace silt, trace gravel (SW)

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Sample Source Sample No. Soil Description

IHS KH150387A 7/6/2016 10/7/2016 GS

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By
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APPENDIX C 
 

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

and Laboratory Testing Data) 
 





















Top left: 4/19/2010, top right: 4/21/2010; bottom left:4/28/2010; bottom right: 6/22/2010
Site IHS, Bioretention Hydrologic Performance Monitoring, KH150387A Appendix C 

Issaquah High School, Pond #24, summer construction.



Issaquah High School, Pond #24, summer construction and start of fall rains.

Top left: 7/8/2010, top right: 7/13/2010; bottom left:9/3/2010; bottom right: 10/25/2010
Site IHS, Bioretention Hydrologic Performance Monitoring, KH150387A Appendix C



Issaquah High School, Pond #24, Year 1, fall rains.

Top left: 10/26/2010, top right: 10/27/2010; bottom left:11/01/2010; bottom right: 11/08/2010
Site IHS, Bioretention Hydrologic Performance Monitoring, KH150387A Appendix C 



Issaquah High School, Pond #24, Year 1 Winter and Year 2 Spring.

Top left: 12/8/2010, top right: 12/09/2010; bottom left:1/7/2011; bottom right: 4/23/2012
Site IHS, Bioretention Hydrologic Performance Monitoring, KH150387A Appendix C 
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Approximate location of facilities indicated by bold red outline 

 

Excerpt from Geologic map of the east half of the Belleview South 7.5' x 15' quadrangle, Issaquah area, 
King County, Washington. 
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Approximate location of facilities indicated by red outline. 

Excerpt from Natural Resources Conservation Service, 2016, Web soil survey  



 

 

 
 
 
 
 
 

APPENDIX D 
 

Soil Probe, Level Survey, and 
Field Infiltration Testing Data 

 



2.0

1.6

1.7

1.5

1.8

1.7

1.6

0.3

IHS Soil Probe Data

Soil Probe and Depth of Loose Soil0.8

SOIL PROBE DATA

1.5

1.7

1.6
1.6

1.6

1.2
1.4

D1



IHS Level Survey Data

Elevation, Project Datum (see text)

LEVEL SURVEY DATA

98.66

97.36

SD#66 = 100

Inlet 1, base 

of pipe: 97.5

97.11

97.02

97.17
97.78

96.83

97.15

96.92

97.19

97.30

97.31

97.03

97.11

97.10 97.19

SD#66 = 

100.59

SD#63 = 

101.33

Inlet 2, top of 

pipe: 97.67

SD#59 Rim = 

99.63

D2



Associated Earth Sciences, Inc.    Bioretention Hydrologic Performance Study 
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Cell IHS 
 Level Survey Data 

 

 

Elevation (feet, project datum) Location 

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 (6‐inch pipe)  97.67 

Piezometer 24‐1 top of casing  98.17 

SD #59 rim  99.63 

Survey points in base of cell  On site plan 

 

Cell IHS 
Probe Survey Data List (Excludes Outliers) 

 
Probe 

Penetration 
(feet): 

1.1 

1.2 

1.6 

1.6 

1.7 

1.7 

1.6 

1.5 

1.7 

1.6 

1.8 

1.6 

2.0 

1.5 

AVERAGE: 
1.6 

 





Project Name Receptor Soils

Bioretention 

Soil over Qva

Project Number KH150387A Testing Performed By ADY

Date 7/27/16

Weather Sunny

Test No. IHS IT‐1

Meter FM7

Water Source Hydrant

Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(permanent 

staff gauge 

SG‐1, feet)

Head 

(temporary 

staff gauge 

SG‐2, feet)

Wetted area 

(ft^2)

Piezometer 24‐

2 Depth to 

Water from 

Top of Casing 

(feet)

Notes

8:37:30 0.0 101.98 0 Flow on

8:50:00 1.0 101.82 1304 0.42

9:00:00 3.0 101.82 2278 0.42

9:03:00 9.0 146.38 0.43

Flow increased to 

maximum

9:15:00 21.0 144.3 4312 0.43

9:30:00 40.0 145.07 6499 0.43

9:45:00 66.0 145.38 8763 0.43

10:00:00 81.0 146.01 10866 0.38

Pool in front of SG‐2 

drained, no direct 

correlation to SG‐1, SG‐

1 better represents 

average water level in 

cell

10:15:00 96.0 144.6 13129 0.2 0.38

10:30:00 111.0 145.7 15338 0.21 0.39

10:45:00 126.0 144.76 17422 0.21 0.38

11:00:00 141.0 143.37 0.21 0.38

11:15:00 156.0 144.92 21718 0.21 0.38

11:30:00 171.0 145.36 23840 0.22 0.38

11:45:00 181.0 146.01 26071 0.23 0.38

12:00:00 186.0 146.3 28242 0.23 0.38

12:15:00 201.0 145.23 30510 0.23 0.38

Bioretention Hydrologic Performance 

Assessment

Associated Earth Sciences, Inc.
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Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(permanent 

staff gauge 

SG‐1, feet)

Head 

(temporary 

staff gauge 

SG‐2, feet)

Wetted area 

(ft^2)

Piezometer 24‐

2 Depth to 

Water from 

Top of Casing 

(feet)

Notes

12:30:00 216.0 144.46 32642 0.23 0.38

12:45:00 231.0 146.62 34763 0.24 0.38

4.67 feet at 

12:47

13:00:00 246.0 146.16 36947 0.24 0.38

13:15:00 261.0 144.6 39074 0.24 0.38

13:30:00 276.0 144.46 41301 0.25 0.38

13:45:00 291.0 145.7 43546 0.25 0.38

14:00:00 306.0 145.98 45663 0.25 0.38

14:10:00 321.0 145.86 47226 0.25 0.38

14:20:00 336.0 146.32 48640 0.25 0.38

14:30:00 353.0 145.04 50083 0.25 0.38 223

14:45:00 376.0 0 52277 0.25 0.38

Flow off, begin falling 

head

14:46:30 386.0 0 0.16

14:47:00 397.0 0 0.13

14:48:00 411.0 0 0.09

14:48:18 426.0 0 0.08

14:48:27 436.0 0 0.07

14:48:40 446.0 0 0.06

14:48:51 456.0 0 0.05

14:49:07 466.0 0 0.04

End test, retrieve 

dataloggers

Associated Earth Sciences, Inc.

Kirkland, WA
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Technical Memorandum 
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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. 

    Project Name: 
Bioretention Hydrologic 
Performance Study 

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

Subject: 
Deliverable  4.5,  Site  MCCA,  Geotechnical/Soils  Assessment  Design  Data  and  Current 
Conditions, Mill Creek Community Association, Mill Creek, Washington 

 
 

1.0  INTRODUCTION 
 
This  technical memorandum documents existing  shallow  soil and ground water  conditions  in 
bioretention cell #1 (MCCA1) and #2 (MCCA2) at the Mill Creek Community Association Office, 
located in the city of Mill Creek, Washington (Figure MCCA 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 8, July 11, July 22, and 
August 24, 2016, infiltration testing on August 8 and August 26, 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. 
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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: 
 

 Review of project documents. 

 Site reconnaissance. 

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

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

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

 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. 

 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.” 

 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. 

 Conduct qualitative assessment of bioretention soil compaction via T‐probe. 

 Conduct infiltration testing. 

 Preparation of descriptive exploration logs for each exploration. 

 Preparation of this summary document. 
 
Topography  of  the  site  and  surrounding  area  is  shown  on  Figure MCCA  F2,  “LiDAR‐Based 
Topography.”  Existing facility features and the locations of hand‐auger boreholes completed for 
this study are shown on Figure MCCA F 3, “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 Mill Creek Community Association (MCCA) office and parking lot located at 
15524 Country Club Drive  in Mill Creek, Washington as shown on the attached “Vicinity Map” 
(Figure MCCA F1).  This project site is bordered by a parking lot to the northwest, by Country Club 
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Drive to the northeast, by a pedestrian path and single‐family residences to the southeast, and by a 
maintenance area to the southwest.  No natural surface water features are present onsite.  Penny 
Creek, an incised perennial stream, is located about 700 feet east of site, and about 100 feet lower 
in elevation.  Per the Washington State Source Water Assessment Program Mapping Application, 
the nearest water supply well is located approximately ½ mile to the east of the facility.  LiDAR 
topography and other near‐site vicinity features are illustrated on Figure MCCA F2, “LiDAR‐Based 
Topography.” 
 
Our specific area of study for this project includes the bioretention facilities located between the 
MCCA office building and the associated parking lot as shown on Figure MCCA F3, “Facility and 
Exploration Plan.” 
 
Details of the bioretention facility design and basis were presented in the following documents: 
 

 Plan sheets C1‐C6, Harmsen & Associates, Inc., August 20, 2013. 

 Stormwater Site Plan for the Mill Creek Community Association Building (Stormwater Site 
Plan), Harmsen & Associates, Inc., August 20, 2013. 

 Subsurface Exploration, Geologic Hazard, and Preliminary Geotechnical Engineering Report, 
Associated Earth Sciences, Inc., July 9, 2013. 

 
3.1  Summary of Facility Design 
 
From our review of these documents, the bioretention facility design consists of two square‐shaped 
bioretention cells, each with approximately 200 square feet of base area, as shown on Figure MCCA 
F3,  “Facility  and  Exploration  Plan.”   We  understand  that  the  cells were  sized  per  the  2005 
Washington State Department of Ecology (Ecology) Stormwater Management Manual for Western 
Washington (2005 Ecology Manual), and modeled using WWHM3 based on a developed condition 
drainage basin of about 460 square feet each (representing ¼ of the roof area).  Land use within the 
drainage basin consists of roof area.  The facility design includes 1 foot of bioretention soil mix (per 
the Stormwater Site Plan) overlying native soil and is designed to infiltrate 100 percent of inflow 
into  the  subgrade.    Emergency  overflow  from  each  cell  would  discharge  through  an 
8‐inch‐diameter  yard drain  that  connects  to  the  rock  reservoir beneath  the  adjacent porous 
concrete parking lot.  The rim of the yard drain is intended to be 1 foot higher than the cell base to 
create the 1 foot of ponding.  The facility was constructed and began receiving runoff in May 2014 
(Email communication, Joan Heath, MCCA, August 23, 2016). 
 
 
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 
facilities on Figure MCCA F3, “Facility and Exploration Plan.” 
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 Level Survey:  AESI conducted elevation surveys of the facilities using a Leitz C40 automatic 
level and a stadia rod.  An arbitrary project datum was established for these surveys, with 
the top of the concrete lamp post base on the northeast side of the parking lot defined as 
project datum elevation 100 feet for both surveys.  All other elevations measured by the 
surveys  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.  These 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. 

 

 Inflow:   Both cells contain one  inflow  to each cell which consists of a 4‐inch PVC pipe 
draining a portion of  the  roof area.   The  inlet pipe discharges onto an approximately 
3.5‐foot by 4‐foot  (MCCA1) or 4‐foot by 4‐foot  (MCCA2) quarry  spall  splash pad.   No 
evidence of erosion was noted at either inlet.  AESI observed some deposition of leaf litter 
and sand in the quarry spall at each inlet. 
 

Table 1 
Summary of MCCA1 and MCCA2 

Level Survey Data 

 

Location 

MCCA1 
Elevation 

(feet, project datum) 

MCCA2 
Elevation 

(feet, project datum) 

Top of cement lamp post base, east side of parking lot  100 

Base of inflow pipe  99.12  99.03 

Base of facility, low point  97.71  97.62 

Base of 8‐inch overflow yard drain grate  97.98  97.80 

Base of 4‐inch overflow pipe*  ~98.1*  ~97.9* 

Top of well point  99.43  98.52 

Base of lowest overflow stub  98.24 

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

*Measured height of 4‐inch pipe invert at 0.1 feet above base of yard drain grate; unable to survey directly. 

 

 Overflow: Both bioretention cells contain rectangular black plastic yard drain “overflow 
structures” that do not correlate with planned overflow structure shown on plan sheet C3 
(Harmsen & Associates, Inc. [Harmsen], 2013).  The yard drain overflow consists of a black 
plastic box, with a plastic grate cover, measuring approximately 0.7 feet wide by 0.6 feet 
high set laterally in the cell base and connecting to the 4‐inch PVC overflow pipe.  Quarry 
spall was present around the  front and sides of the grate.   AESI noted some  leaf  litter 
collected on the quarry spall, but not collected against the front of the grate.   
 

 The plans indicate that emergency overflow from each cell would discharge through an 
8‐inch‐diameter  yard drain  that  is  connected  to  the adjacent porous parking  lot base 
course/storage reservoir via a 4‐inch perforated PVC pipe.  The rim of the yard drain was 
shown on the plans to be 1  foot higher than the cell base to allow  for up to 1  foot of 
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Photo 1.  Cell MCCA2, 8‐inch “overflow” yard drain grate, oriented sideways instead of vertical. 

ponding within the bioretention cell.  We observed that for each cell, water can only pond 
about 0.3 to 0.4 feet in depth before overflow would occur through the 4‐inch overflow 
pipe.    This  is because  the  8‐inch  yard drain  is not oriented  vertically over  the  4‐inch 
overflow pipe (see Photo 1).   
 

 AESI notes that bioretention cell discharge pipe (4‐inch perforated pipe) is indicated on the 
plan set to continue from the overflow grates through the porous parking lot rock reservoir, 
and connect to 4‐inch‐diameter solid PVC “overflow” pipes, which rise slightly to daylight 
and discharge to the grass lawn on the east side of the parking lot.  Per plans, the overflow 
pipe stubs have a bottom elevation of 0.5 feet higher than the bioretention cell discharge 
pipe  invert.   This differs  from  the measured height difference of 0.15  to 0.35  feet  for 
MCCA1 and MCCA2, respectively, documented by AESI’s level survey (Table 1). 
 

 AESI understands that, when water pools to sufficient depth in either bioretention cell, the 
cell would discharge into the overflow structure, then into the perforated overflow pipes, 
pool in the porous parking lot rock reservoir, and, if sufficient water depth was reached in 
the rock reservoir, flow out the overflow stubs on the east of the parking lot.  It is possible 
that, under extreme or  intense rainfall conditions, water could also flow from the rock 
reservoir back into the bioretention cells because the overflow pipe stub outlet is 0.1 to 
0.3 feet higher than the inlet in the bioretention cells. 

 

 AESI  investigated the  loose bioretention soil thickness present  in the bioretention cells 
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‐foot grid pattern spanning the base of 
each  facility.    The  apparent  thickness  of  bioretention  soil  generally  ranged  from 
approximately 0.6 feet to 1 foot and averaged 0.8 feet in cell MCCA1, and ranged from 
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approximately  0.7  feet  to  1.3  feet  in  cell MCCA2, with  an  average  of  1  foot.    Probe 
penetration data is included in Appendix D to this document.   
 

 MCCA2:  AESI noted that public utility locators had placed marks indicating the presence of 
a gas line crossing from the parking lot toward the building, near or under the southern end 
of cell MCCA2.  This approximate location is indicated on Figure MCCA F3.  AESI did not 
excavate hand‐auger borings or use the T‐probe in the immediate vicinity of the indicated 
utility line. 

 MCCA2:  Cell MCCA2 differed in size from the plan in that the cell base extended farther to 
the south than shown on the plan; the difference is illustrated on Figure MCCA F3. 
 

 MCCA2:  AESI observed cylindrical black plastic objects with grated sides, described as “root 
wells” by the owner, which were inserted vertically about a foot into the bioretention soil in 
cell MCCA2 to improve the infiltration of water into the subsurface. 
 

 MCCA2:  The owner indicated that historically, ponded water has often been present in cell 
MCCA2, and that it has typically taken several days to disappear, draining noticeably slower 
than cell MCCA1.   

 
 
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: 
 

 Site‐specific documents cited previously under “Project and Site Description.”  

 Geologic Map of the Bothell Quadrangle, Snohomish and King Counties, Washington, United 
States Geological Survey, 1985. 

 Soil  Survey of  the  Snohomish County area, Washington, United  States Department of 
Agriculture, Natural Resource Conservation Service (NRCS), 1983. 

 Thomas, B.E. et  al.,  The Ground‐Water  System and Ground‐Water Quality  in Western 
Snohomish  County,  Washington,  United  States  Geological  Survey  Water‐Resources 
Investigations Report 96‐4312, 1997. 

 Newcomb, R.C., Ground‐Water Resources of Snohomish County, Washington, United States 
Geological Survey, Water Supply Paper 1135, 1952. 

 
5.1  Regional Topography and Project Grading 
 
The project  site  is  situated on a  rolling upland with elevations generally  ranging  from 380  to 
460 feet as shown on Figure MCCA F2, “LiDAR‐Based Topography.”  The upland is incised by Penny 
Creek and other shallower drainages.  Penny Creek, near the project site, has eroded down about 
100 feet, creating relatively steep slopes within about 200 feet of the bioretention cells.   
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On a closer scale, the site occupies an upland area near a bend in Penny Creek, and is generally 
level with an elevation of approximately 440 to 444 feet.  Prior to bioretention cell construction, 
the site existing conditions was described as open grass with a several large trees (Harmsen, 2013) 
that sloped gently to the north and west from a high of 444 feet in the southeast corner to a low of 
440  feet along  the north and western parts of  the site.   The proposed  improvements  (MCCA 
building, parking lot, and bioretention cells) were described as located in the open grass area.  No 
significant cutting or  filling was needed to achieve design bioretention cell grades based on a 
review of existing topography compared with built topography.  Design grades for the adjacent 
sidewalk, access road, and building foundation would have required about 1 to 2 feet of fill.   
 
5.2  Regional Geology and Background Geotechnical Information 
 
According  to  the  Geologic  Map  of  the  Bothell  Quadrangle,  Snohomish  and  King  Counties, 
Washington, the site vicinity  is underlain by Vashon till, which  is  in turn underlain by advance 
outwash sediments (mapped as exposed within the Penny Creek ravine).  The contact between 
these units is depicted at an elevation of approximately 410 feet in the vicinity of the site.  These 
sediments are described below. 
 

 Vashon  Lodgement  Till  (Qvt):    The  uppermost  geologic  unit  is  a  deposit  of  Vashon 
lodgement till.  This is described in the Geologic Map of the Bothell Quadrangle, Snohomish 
and King Counties, Washington as a “nonsorted mixture of mud, sand, pebbles, cobbles, 
and boulders, which looks like concrete mix,” with some lenses of stratified material within 
the lower part of the unit.  This unit was deposited during the Vashon Stade of the Fraser 
Glaciation, and was directly overridden by the glacial  ice, resulting  in a high degree of 
compaction.   

 

 Advance Outwash (Qva):  This unit was deposited by streams flowing from the glacier as it 
advanced, prior to the deposition of the Vashon lodgement till.  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. 

 
The 2013 AESI report  included four exploration pits advanced within the on‐site sediments to 
evaluate the proposed parking lot.  Two of these explorations encountered fill soils to 1 foot below 
ground surface.  All four explorations encountered sediments interpreted as weathered Vashon 
lodgement till to 3 to 3.5 feet below ground surface, and unweathered Vashon lodgement till to the 
total depth explored (10 feet below ground surface).  These findings are in agreement with the 
geologic map of the area. 
 
5.3  Regional Soils and Soil Data Used in Site Stormwater Model 
 
AESI  reviewed  the Soil Survey of  the Snohomish County area, Washington  (Natural Resources 
Conservation Service [NRCS], 1983), and soils mapping from the NRCS web portal (NRCS, 2016).  
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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 soils 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, 1983).  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 Stormwater Site Plan  (Harmsen, 2013),  the pre‐developed  condition was 
modeled as Type C soils, consistent with mapped soil and background geotechnical data. 
 
5.4  Regional Hydrogeology and Background Ground Water Data 
 
Regional hydrogeology is described in The Ground‐Water System and Ground‐Water Quality in 
Western  Snohomish  County,  Washington  (Thomas,  1997),  and  Groundwater  Resources  of 
Snohomish County (Newcomb, 1952).  The area occupied by the site is referred to as the “Intercity 
Plateau.”  The United States Geological Survey report describes the Vashon lodgement till as a 
confining bed, but  indicates that  it can contain thin  lenses of sand and gravel, which can yield 
usable quantities of water.  A very shallow seasonal perched water‐bearing zone typically forms in 
the weathered horizon of the Vashon lodgement till, and is referred to as “interflow.”  Interflow 
typically accumulates within the weathered soils on top of the unweathered till and flows laterally 
generally in the direction of sloping ground.  Interflow discharges in low areas forming wetlands, at 
near‐vertical cuts along roadways, walls or in excavations, or slows infiltrates into the underlying 
unweathered till as diffuse recharge, or along fractures or sandy zones in the till.   
 
No  background  data  on  ground water was  available.    No  seepage was  encountered  in  the 
geotechnical study exploration pits. 
 
 
6.0  BIORETENTION CELL SUBSURFACE EXPLORATION AND WELL POINT INSTALLATION 
 
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.  In each bioretention cell, 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 
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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, or completed 
as a well point and the bioretention soil replaced. 
 
The various  types of sediments, as well as  the depths where characteristics of  the sediments 
changed, are indicated on the exploration logs presented in Appendix 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 MCCA 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 in Cell MCCA1 
 
Hand‐auger borings in cell MCCA1 were completed on July 8 and July 11, 2016.  Light rain was 
noted upon AESI’s arrival, which stopped shortly thereafter.  No flow was observed from the inlet 
pipes. 
 
Hand‐auger boring number 1 in cell MCCA1 (MCCA1‐HA‐1) was completed in the southwest corner 
of  the  cell,  and  encountered  approximately  1  foot  of  bioretention  soil,  overlying  material 
interpreted as weathered glacial till.  The exploration encountered refusal on gravel at 2.2 feet.  
Seepage was observed in the bottom of the borehole, and water pooled in the borehole to 2 feet 
below grade.  AESI installed a well point in this location. 
 
Hand‐auger boring numbers 2 and 3 in cell MCCA1 (MCCA1‐HA‐2 and MCCA1‐HA‐3) encountered 
1 foot and 1.2 feet, respectively, of bioretention soil, overlying material interpreted as weathered 
glacial  till.   MCCA1‐HA‐2 encountered  refusal on an approximately 6‐inch  cobble at 1.8  feet.  
MCCA1‐HA‐3 encountered refusal on gravel at 1.4 feet.  No seepage was observed. 
 
6.2  Hand‐Auger Borings in Cell MCCA2 
 
Hand‐auger borings in cell MCCA2 were completed on July 22 and August 24, 2016.  No rain or 
inflow of water to the facility was observed on these days. 
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Hand‐auger boring number 1 in cell MCCA2 (MCCA2‐HA‐1) was completed near the center of the 
cell, in the proximity of the area of lowest elevation.  MCCA2‐HA‐1 encountered approximately 
0.9 feet of bioretention soil, overlying material interpreted as fill soils to a depth of 2.2 feet below 
the facility grade.  Below 2.2 feet, the material was interpreted as weathered Vashon till.  The 
exploration reached refusal on a cobble at 2.6 feet.  AESI installed a well point in this location. 
 
Hand‐auger boring numbers 2 and 3 in cell MCCA2 (MCCA2‐HA‐2 and MCCA2‐HA‐3) encountered 
approximately 0.6 feet and 1.2 feet, respectively, of bioretention soil, overlying silty gravel and silty 
fine sand with some gravel interpreted as undocumented fill.  MCCA2‐HA‐2 encountered refusal on 
a cobble of approximately 5 inches in diameter at 1.1 feet below grade.  MCCA2‐HA‐3 encountered 
refusal on a cobble at 2.1 feet.  No seepage or caving was observed. 
 
No explorations were completed on  the  southern  side of  the cell near  the  inflow due  to  the 
presence of a buried gas line indicated by utility locators. 
 
6.3  Well Points 
 
Well points were installed in HA‐1 in cell MCCA1, and HA‐3 in cell MCCA2.  Both were dry at the 
time of installation.  Key dimensions of these well points are provided in Table 2, below. 
 

Table 2 
Summary of MCCA1 and MCCA2 Well Point Dimensions 

 

Well Point 

Exploration in 
which Well Point 
was Installed 

Total Depth 
Inside Casing 

(feet) 
Interior 
Diameter 

Stickup 
Height (feet) 

Total Depth Inside 
Casing Below 
Ground Surface

MCCA1‐WP  MCCA1‐HA‐1  3.1  1.25 inch 
nominal 

1.6  1.5 

MCCA2‐WP  MCCA2‐HA‐3  4.2  1.25 inch 
nominal 

0.8  3.4 

 
 

7.0  LABORATORY ANALYSIS 
 
Laboratory  testing  included mechanical grain‐size distribution and percent organic matter by 
weight in accordance with ASTM D422 and D2974, respectively.  Two samples of bioretention soil 
for each cell 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 (2014Ecology Manual).  One sample of the subgrade from each 
cell was tested for grain‐size distribution.  The data is summarized in Table 3. 
 
7.1  Bioretention Soil Mix 
 
We compared the organic content and burned fraction gradation against the general guidelines for 
the bioretention soil mix (Table 4).   
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The organic content of the tested bioretention soils ranged between 4.0 to 5.3 percent by weight.  
This is below or on the low range of the recommended organic content by weight of 5 to 8 percent 
in the 2014 Ecology Manual.   
 

Table 3 
Summary of MCCA1 and MCCA2, Organic Content and Grain‐Size Data 

 

Exploration 
Number 

Depth 
(feet)  Soil Type 

Organic 
Content 
(% by 
weight) 

USCS Soil 
Description 

Fines 
Content 
(% passing 
#200)  Cu  Cc 

USDA Soil 
Texture* 

MCCA1‐HA‐1  0.3‐0.9  Bioretention 
Soil 

4.0  SAND (SP)  0.3%  3.6  1.8  SAND 

MCCA1‐HA‐3  0.1‐0.7  Bioretention 
Soil 

4.3  SAND (SP)  0.4%  2.8  1.0  SAND 

MCCA1‐HA‐3  1‐1.4  Vashon 
Lodgement 

Till 

Not tested  Silty very 
gravelly 

SAND (SM) 

16%  1.9  >20  Sandy clay 
loam to 

sandy loam 

MCCA2‐HA‐1  0.3‐0.5  Bioretention 
Soil 

4.8  SAND (SP)  1.3%  3.0  1.0  SAND 

MCCA2‐HA‐2  0.1‐0.6  Bioretention 
Soil 

5.3  SAND (SP)  1.1%  3.0  1.4  SAND 

MCCA2‐HA‐1  1‐1.2  Undocu‐
mented Fill 

Not tested  Silty very 
gravelly 

SAND (SM) 

33%  19.5  >20  Sandy clay 
to sandy 
loam 

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

 
Table 4 

General Guidelines for Bioretention Soil Mix (2014 Ecology Manual) 
Compared to Averaged MCCA1 and MCCA2 Site Data 

 
Parameter  Recommended Range  MCCA1  MCCA2 

Organic Content (by weight)  5 to 8 percent  4.2 percent by weight  5.1 percent by weight 

Cu coefficient of uniformity  4 or greater  3.2  3.0 

Cc coefficient of curvature  1 to 3  1.4  1.2 

Sieve Size    Percent Passing   

   3/8” (9.51 mm)  100  100  100 

   #4 (4.76 mm)  95 to 100  99  99 

   #10 (2.0 mm)  75 to 90  94  94 

   #40 (0.42 mm)  25 to 40  11  37 

   #100 (0.15 mm)  4 to 10  1.1  4.3 

   #200 (0.074 mm)  2 to 5  0.3  1.2 

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

 
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 0.3 to 1.3 percent, consistently less 
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than the recommend range of 2 to 5 percent.  The coefficient of uniformity ranged from 2.8 to 3.6, 
consistently less than the recommended value of equal to or greater than 4.  The coefficient of 
curvature ranged from 1.0 to 1.8, consistent with the recommended range of greater than or equal 
to 1 and less than or equal to 3.  For cell MCCA1, 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 MCCA1, a sample of native glacial till was sieved.  The tested material correlates to a silty, very 
gravelly SAND with 16 percent by weight of the material passing the No. 200 sieve.  In MCCA2, a 
sample of the undocumented fill material was sieved.  The tested material correlates to a gravelly, 
very silty SAND with 33 percent of the material by weight passing the No. 200 sieve. 
 
The grain‐size distribution data were also transformed to describe the United States Department of 
Agriculture (USDA) soil texture.  The grain‐size distributions were normalized to the No. 10 sieve—
i.e., the coarse sand and gravel fraction of the sample is discounted and the remainder is taken as 
100 percent of the sample.  The fines were assessed relative to the No. 270 sieve.  The respective 
USDA  fines  content as measured on  the No. 270  sieve after adjusting  to  remove  the weight 
retained on the #10 sieve was 48 percent for the undocumented fill material and 28 percent for the 
native glacial till material.   
 
 
8.0  INFILTRATION TESTING 
 
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.  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 on‐site hose bibs, 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 onto the rock splash pad by the facility inflow pipe.  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, within the well point with a digital water level tape, and with digital pressure 
transducers.  Data from the digital pressure transducers was compensated for barometric response 
using a separate digital barometer.  The area of the pool was measured periodically during testing. 
 
Infiltration tests in each bioretention cell are discussed below, and results are presented in Table 5. 
Infiltration test data is included in Appendix D to this document. 
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8.1  Infiltration Test in Cell MCCA1 
 
AESI performed infiltration testing of cell MCCA1 on August 26, 2016.  No rainfall was noted during 
testing, and no flow from the inflow pipes was present. 
 
During this test, after an initial soak period of 5 hours, flow was maintained at approximately 5 gpm 
for approximately 2 hours, during which the water level in the facility rose slowly from 0.34 to 0.38 
feet, as measured on the temporary staff gauge.  Water was observed pooling in the base of the 
overflow pipe during this time, but only trace flow into the pipe was observed.  The full duration of 
flow was approximately 8 hours, during which approximately 3,000 gallons of water were used.   
 
Immediately following the period of constant flow, AESI shut off the flow and monitored water 
level as it fell.  AESI observed a drop in water levels of approximately 0.07 feet during 30 minutes of 
hand readings.  The falling water level was monitored overnight using a digital pressure transducer. 
 As recorded by the digital pressure transducer, the water level fell from 0.38 feet to 0.05 feet over 
the course of approximately 130 minutes.   Below this  level, the water did not register on the 
pressure transducer.   The facility was found to contain no ponded water when the digital pressure 
transducer was removed at a later date.  Water built up in the well point within a few minutes of 
the start of the infiltration test, and was present in the well point throughout the test, generally 
corresponding  to water  level within  the  cell.   After  testing, water within  the well point  took 
approximately 23.5 hours to decrease to the level at which it no longer registered on the data 
logger, approximately 1.2 feet below ground surface. 
 
8.2  Infiltration Test in Cell MCCA2 
 
AESI performed infiltration testing of cell MCCA2 on August 8, 2016.  Upon our arrival onsite, we 
observed light rain and inflow into the cell but no ponded water.  This flow was measured, using a 
container of known volume and a stopwatch, as approximately 0.05 gpm as the infiltration test 
began.  Shortly after this measurement, the rain ceased and roof inflow stopped.  The majority of 
the infiltration test occurred after roof inflow had ceased. 
 
During  this  test, after an  initial soak period during which  flow  into  the  facility was as high as 
approximately 4.4 gpm to fill the storage capacity, flow was maintained at approximately 1.5 gpm 
for approximately 3 hours, during which the water level in the facility rose slowly from 0.21 to 
0.34 feet, as measured on the temporary staff gauge.  A trace of flow (<0.1 gpm) into the overflow 
of the facility was observed; the flow rate was then decreased to approximately 0.9 gpm, and 
maintained at this level for an additional 1.5 hours.  At the end of this time, a trace of flow was 
again observed in the overflow.  The full duration of flow was approximately 7 hours, during which 
approximately 700 gallons of water were used.   
 
After about 7 hours, AESI shut off the flow and monitored water level as it fell.  AESI observed a 
drop in water levels of approximately 0.01 feet during 30 minutes or hand readings.  The falling 
water level was monitored overnight using a digital pressure transducer.  As recorded by the digital 
pressure  transducer,  the  water  level  fell  from  0.34  feet  to  0.09  feet  over  the  course  of 
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approximately  440 minutes.    Below  this  level,  the  water  did  not  register  on  the  pressure 
transducer.   The facility was found to contain no ponded water the following morning.  Water built 
up in the well point within a few minutes of the start of the infiltration test, and was present in the 
well point throughout the test, though generally at a lower level than water within the cell.  After 
testing, water level within the well point fell slowly to approximately 1 foot below ground surface 
at approximately 17.5 hours after the end of the water flow for the test.  Water was still present 
within the well point at this time when the data logger was removed from the well point. 
 
 

Table 5 
MCCA1 and MCCA2 Infiltration Test Results 

 

  Wetted 
Surface 
Area, End 
of Test 

Discharge 
Time 

Total 
Volume 

Discharged 

Approximate 
Constant 
Head Level 

Field Infiltration Rates 

Test No.  
Constant 
Head Test  Falling Head Test 

MCCA1  180 
square feet 

501 
minutes 

2,998 
gallons 

0.37 
feet 

2.5 
in/hr 

2.0 
in/hr 

MCCA2  200 
square feet 

415 
minutes 

702 
gallons 

0.34 
feet 

0.5 
in/hr 

0.4 
in/hr 

in/hr:  inches per hour 

 
 
9.0  FINDINGS AND CONCLUSIONS  
 
The bioretention cells at the MCCA site varied somewhat from the design shown on the civil plan 
sheets.  Variations included the following: 
 

 Bioretention soil 
 

o Thickness:  Both cells contained areas where the bioretention soil was less than the 
planned 1‐foot in thickness.  No distinct pattern was apparent in the distribution of 
bioretention  soil  thickness  throughout  the  cells.    Some  variations  in  loose 
bioretention soil thickness could be due to foot compaction within the cell during 
site maintenance, water compaction, or an uneven subgrade. 
 

o Composition:  The soil tested in MCCA1 did not meet the recommended guidelines 
for organic content and sand gradation.  The soil tested in MCCA2 was within the 
recommended range for organic content and met the recommended gradations for 
the sand fraction.  The soil in both cells did not meet the recommended fraction of 
silt.  We interpret that a different load of bioretention soil was placed in MCCA1 
than in MCCA2 illustrating variations from the bioretention soil supplier. 
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 The overflow in both cells is different than plans in that the ponded water surface can only 
build up to about 0.3 to 0.4 feet before the cells begin to overflow.  Site design documents 
indicate that the ponding level was designed as 1 foot. 
 

 Cell MCCA2 differed in size from the plan:  The cell extended farther to the south than 
shown on the plan, as indicated on Figure MCCA F3. 
 

 Subgrade conditions:   The subgrade conditions were variable, ranging from weathered 
glacial till (MCCA1) to undocumented fill (MCCA2). 
 

 Review  of  existing  and  developed  topography  indicates  that  no  significant  cuts were 
necessary  to  achieve  bioretention  cell  subgrade.    This  is  consistent with  presence  of 
weathered glacial and undocumented  fill remaining beneath the cells  instead of being 
largely stripped away as part of site development. 
 

 Field infiltration rates were measured at about 2 in/hr (MCCA1) and 0.4 in/hr (MCCA2).  The 
infiltration rates were substantially lower in MCCA2 consistent with site observations by the 
owner.  This is also consistent with observations of silty compacted undocumented fill soils 
beneath MCCA2.   Fill would also be associated with  the utility  line crossing  through a 
portion of MCCA2. 
 

 In MCCA1, during infiltration testing, the water level within the well point corresponded to 
the water level within the base of the bioretention cell during testing, with a lag on the 
scale of 10 to 15 minutes during the period of rapid head rise early  in testing.   This  is 
consistent with the well point screen intersecting bioretention soil. 
 

 In MCCA2,  the well point was  installed deeper  than  in MCCA1, and during  infiltration 
testing, the water level did not rise to the level of the ponded water within the base of the 
cell.  The lag in response to inflow was on the scale of several minutes.  This is consistent 
with  the well  point  screen  intersecting  the  low‐permeability  undocumented  fill,  and 
somewhat hydraulically separated from the bioretention soil. 
 

 In  both  infiltration  tests, water  readily  soaked  through  the  bioretention  soil mix  and 
accumulated on the underlying subgrade as indicated by the water level response within 
the well points.  The data indicate that the native subgrade has a lower permeability than 
the overlying bioretention soil. 
 

 The  calculated  infiltration  rates  are  interpreted  to  include  a  lateral  flow  component 
consistent with the ‘interflow’ setting.  This is supported by observed seepage at the time of 
hand‐auger explorations in MCCA1 shortly following light rain events.  AESI interprets water 
as perching within the weathered soil horizon, above the unweathered, low‐permeability 
native Vashon  lodgement  till.   When perched on  low‐permeability  layers,  the primary 
ground water flow direction is lateral rather than vertical. 
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Cell MCCA1 and MCCA2 

Exploration Latitude and Longitude 

Exploration  Latitude  Longitude 

MCCA1‐HA‐1  47.85664  ‐122.20747 

MCCA1‐HA‐2  47.85671  ‐122.20746 

MCCA1‐HA‐3  47.85663  ‐122.20741 

MCCA1‐HA‐1  47.85659  ‐122.20734 

MCCA1‐HA‐2  47.85654  ‐122.20737 

MCCA1‐HA‐3  47.85655  ‐122.20736 

 



Bioretention Soil Mix

Surface:  sand, leaf litter

Loose, slightly moist, dark brown, SAND, trace silt, trace gravel; organics
present; mostly medium sand (~84 percent) (SP).

Vashon Lodgement Till

Medium dense, slightly moist to moist, brown, silty, very gravelly, SAND;
mostly fine to medium sand (SM).

Dense, wet, brown, silty GRAVEL, some sand (GM).

Bottom of exploration boring at 2.2 feet
Refusal on gravel at 2.2 feet.  Moderate seepage from 2 to 2.2 feet.
Pooling water to 2 feet.  No caving.
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Bioretention Soil Mix

Surface:  sand, leaf litter

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

Vashon Lodgement Till

Medium dense to dense, slightly moist to moist, brown, silty, SAND, some
gravel; mostly fine to medium sand (SM).

Becomes grayish brown with depth.

Bottom of exploration boring at 1.8 feet
Refusal on ~ 6 inch cobble.  No seepage.  No caving.
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Bioretention Soil Mix

Surface:  sand, leaf litter

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

Vashon Lodgement Till

Medium dense to dense, slightly moist, light brown, silty, very gravelly
SAND; mostly fine to medium sand (SM).

Above ground stick up -1.6
feet
Threaded PVC cap and
threaded steep pipe -1.4 to
-1.6 feet
Bioretention soil mix at
ground surface
Bentonite chips  0.1 to 0.4
foot
Bioretention soil mix 0.4 to
1.4 feet

Stainless steel jacket over
stainless steel #60 gauze
welded to perforated steel
pipe -1.4 to 1.1 feet

Threaded steel pipe, 1 1/4
inch ID and end cap  1.1 to
1.5 feet

Native soils 1.4 to 1.8 feet

Solid drive point -1.5 to -1.8
feet

Boring terminated at 1.4 feet.
Well completed at 1.8 feet on 8/24/16.
Refusal on gravel.  No seepage.  No caving.
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Bioretention Soil Mix

Surface:  sand, leaf litter

Loose, slightly moist, dark brown, SAND, trace silt; organics present;
mostly fine to medium sand (SP).

Fill

Medium dense, slightly moist, gray, gravelly, very silty SAND; cobbles
present; mostly fine sand (SM).

Medium dense, slightly moist, brown, gravelly, very silty, SAND to very
sandy SILT; cobbles and wood debris present; mostly fine sand
(SM-ML).

Vashon Lodgement Till (?)

Medium dense to dense, slightly moist, grayish brown, silty SAND to
sandy SILT, some gravel; cobbles present; mostly fine sand (SM/ML).

Above ground stick up -0.8
feet
Bioretention soil mix at
ground surface

Threaded PVC cap and
threaded steep pipe -0.8 to
0.5 feet

Stainless steel jacket over
stainless steel #60 gauze
welded to perforated steel
pipe 0.5 to 3.0 feet

Medium sand 0.3 to 2.6 feet

Native soils 2.6 to 3.7 feet

Threaded steel pipe, 1 1/4
inch ID and end cap  3 to 3.4
feet

Solid drive point 3.4 to 3.7
feet

Boring terminated at 2.6 feet.
Well completed at 3.7 feet on 7/22/16.
Refusal on cobbles.  No seepage.  No caving.

Well Number

N/A

Project Name
Elevation (Top of Well Casing)
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JHSApproved by:

Grab Sample

3" OD Split Spoon Sampler (D & M)

-MCCA2-HA-1/WP
Location

1 of 1

7/22/16,7/22/16

Mill Creek, WA

Sampler Type (ST):
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Bioretention Hydrologic Performance Study
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Bioretention Soil Mix

Surface:  sand, leaf litter

Loose, slightly moist, dark brown, SAND, trace silt; organics present; mostly
medium sand (~67 percent) (SP).

Fill

Medium dense, slightly moist, gray, silty GRAVEL; cobbles present (GM).

Bottom of exploration boring at 1.1 feet
Refusal on ~5 inch cobble.  No seepage.  No caving.
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Logged by:

Shelby Tube Sample
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Ring Sample

No Recovery

Water Level at time of drilling (ATD)

Bioretention Hydrologic Performance Study

Project Number

20

Mill Creek, WA
Date Start/Finish

Hammer Weight/Drop

Sampler Type (ST):
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Bioretention Soil Mix

Surface:  light vegetation, leaf litter

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

Fill

Medium dense, slightly moist, brownish gray, silty SAND, some gravel;
cobbles present; mostly fine sand (SM).

Bottom of exploration boring at 2.1 feet
Refusal on cobble.  No seepage.  No caving.

1 of 1
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Logged by:

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

Bioretention Hydrologic Performance Study
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         Moisture, Ash, and Organic Matter of Peat 
         and Other Organic Soils - ASTM 2974

Date Sampled Project Project No. Soil Description
7/22/2016 BHPS KH150387A
Tested By Location EB/EP No. Depth Bioretention soil mix
MS MCCA MCCA1 HA3 0.1-0.7

Moisture Content MCCA1
Sample ID HA3 0.1-0.7
Wet Weight + Pan 863.76
Dry Weight + Pan 829.73
Weight of Pan 292.39
Weight of Moisture 34.03
Dry Weight of Soil 537.34
% Moisture 6.3

Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 886.23
Dry Soil After Burn + Pan 863.09
Weight of Pan 348.70
Wt. Loss Due to Ignition 23.14
Actual Wt. Of Soil After Burn 514.39
% Organics 4.3

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



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

Date Sampled Project Project No. Soil Description
7/8/2016 BHPS KH150387A
Tested By Location EB/EP No. Depth Bioretention soil mix
MS MCCA MCCA 

Moisture Content MCCA1 Moisture Content MCCA2
Sample ID CA HA1  0.3-0.9 Sample ID HA1 0.3-0.5
Wet Weight + Pan 975.42 Wet Weight + Pan 873.33
Dry Weight + Pan 915.28 Dry Weight + Pan 762.53
Weight of Pan 307.86 Weight of Pan 296.54
Weight of Moisture 60.14 Weight of Moisture 110.80
Dry Weight of Soil 607.42 Dry Weight of Soil 465.99
% Moisture 9.9 % Moisture 23.8

Organic Matter and Ash Content Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 999.67 Dry Soil Befor Burn + Pan 814.85
Dry Soil After Burn + Pan 973.33 Dry Soil After Burn + Pan 792.30
Weight of Pan 348.69 Weight of Pan 348.68
Wt. Loss Due to Ignition 26.34 Wt. Loss Due to Ignition 22.55
Actual Wt. Of Soil After Burn 624.64 Actual Wt. Of Soil After Burn 443.62
% Organics 4.0 % Organics 4.8

Moisture Content MCCA2
Sample ID HA2 0.1-0.6
Wet Weight + Pan 904.11
Dry Weight + Pan 777.45
Weight of Pan 273.38
Weight of Moisture 126.66
Dry Weight of Soil 504.07
% Moisture 25.13

Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 896.24
Dry Soil After Burn + Pan 869.62
Weight of Pan 392.17
Wt. Loss Due to Ignition 26.62
Actual Wt. Of Soil After Burn 477.45
% Organics 5.3

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



Depth (ft)

0.1‐0.7

D10 (mm)

0.425

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 1.3 0.2 99.8

#4 4.76 6.5 1.3 98.7

#8 2.38 26.0 5.1 94.9

#10 2 32.6 6.3 93.7

#20 0.85 327.4 63.6 36.4

#40 0.42 465.8 90.5 9.5

#60 0.25 494.4 96.0 4.0

#100 0.149 508.8 98.8 1.2

#200 0.074 512.9 99.6 0.4

#270 0.053 513.1 99.7 0.3

KH150387A 8/24/2016 GS

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

BHPS

Date Tested

9/15/2016

Total Sample Dry Wt. (g)

514.7

Reference Specification

Bioretention soil mix: burned sample

Sample Source

Onsite 

Soil Description

SAND, trace silt, trace gravel (SP)

0

Moisture Content (%)

Sample No.

MCCA1 HA3
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Diameter (mm) MCCA1 HA3 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

0.3‐0.9

D10 (mm)

0.376

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 6.2 1.1 98.9

#8 2.38 24.7 4.3 95.7

#10 2 31.1 5.3 94.7

#20 0.85 464.4 79.9 20.1

#40 0.42 514.1 88.4 11.6

#60 0.25 557.3 95.9 4.1

#100 0.149 575.7 99.0 1.0

#200 0.074 579.5 99.7 0.3

#270 0.053 580.3 99.8 0.2

KH150387A 7/8/2016 MS

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

BHPS

Date Tested

9/1/2016

Total Sample Dry Wt. (g)

581.4

Reference Specification

Bioretention soil mix: burned sample

Sample Source

Onsite

Soil Description

SAND, trace silt, trace gravel (SP)

0

Moisture Content (%)

Sample No.

MCCA1   HA1

4 3 2 1.5 1 3/4 1/2 3/8 3.5 4 6 8 10 14 16 20 30 40 50 60 100 140 200 270 400 500 635
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Diameter (mm) MCCA1   HA1 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

0.3‐0.5

D10 (mm)

0.182

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 0.0 100.0 #N/A #N/A

#4 4.76 4.7 1.1 98.9 #N/A #N/A

#8 2.38 18.9 4.3 95.7 #N/A #N/A

#10 2 25.0 5.6 94.4 #N/A #N/A

#20 0.85 71.9 16.2 83.8 #N/A #N/A

#40 0.42 236.0 53.2 46.8 #N/A #N/A

#60 0.25 364.5 82.2 17.8 #N/A #N/A

#100 0.149 421.5 95.0 5.0 #N/A #N/A

#200 0.074 437.6 98.7 1.3 #N/A #N/A

#270 0.053 441.1 99.4 0.6 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

443.6 0 Bioretention soil mix: burned sample

Onsite MCCA2   HA1 SAND, trace silt, trace gravel (SP)

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Sample Source Sample No. Soil Description

BHPS KH150387A 7/22/2016 9/1/2016 MS

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By
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Diameter (mm) MCCA2   HA1 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

0.1‐0.6

D10 (mm)

0.210

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 1.4 0.3 99.7 #N/A #N/A

#4 4.76 6.1 1.3 98.7 #N/A #N/A

#8 2.38 20.7 4.3 95.7 #N/A #N/A

#10 2 26.2 5.5 94.5 #N/A #N/A

#20 0.85 85.9 18.0 82.0 #N/A #N/A

#40 0.42 347.4 72.8 27.2 #N/A #N/A

#60 0.25 414.5 86.8 13.2 #N/A #N/A

#100 0.149 460.2 96.4 3.6 #N/A #N/A

#200 0.074 472.1 98.9 1.1 #N/A #N/A

#270 0.053 475.9 99.7 0.3 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

477.5 0 Bioretention soil mix: burned sample

Onsite MCCA2  HA2 SAND, trace silt, trace gravel (SP)

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Sample Source Sample No. Soil Description

BHPS KH150387A 7/22/2016 9/1/2016 MS

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By
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Diameter (mm) MCCA2  HA2 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

1.0‐1.4

D10 (mm)

~0.01

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 19 166.0 17.4 82.6

3/8 9.51 286.3 30.0 70.0

#4 4.76 376.2 39.4 60.6

#8 2.38 440.5 46.2 53.8

#10 2 451.9 47.3 52.7

#20 0.85 506.0 53.0 47.0

#40 0.42 627.1 65.7 34.3

#60 0.25 698.0 73.1 26.9

#100 0.149 760.1 79.6 20.4

#200 0.074 803.5 84.2 15.8

#270 0.053 813.3 85.2 14.8

BHPS

Date Tested

9/15/2016

Total Sample Dry Wt. (g)

954.5

Reference Specification

Not applicable: native material

Sample Source

Onsite 

Soil Description

silty, very gravelly SAND (SM)

6

Moisture Content (%)

Sample No.

MCCA1  HA3

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

KH150387A 8/24/2016 GS
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Diameter (mm) MCCA1  HA3 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

1‐1.2

D10 (mm)

<0.01

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 25.3 4.8 95.2 #N/A #N/A

3/8 9.51 80.1 15.3 84.7 #N/A #N/A

#4 4.76 134.8 25.8 74.2 #N/A #N/A

#8 2.38 170.2 32.6 67.4 #N/A #N/A

#10 2 177.4 34.0 66.0 #N/A #N/A

#20 0.85 206.9 39.6 60.4 #N/A #N/A

#40 0.42 235.9 45.1 54.9 #N/A #N/A

#60 0.25 266.1 50.9 49.1 #N/A #N/A

#100 0.149 311.2 59.5 40.5 #N/A #N/A

#200 0.074 351.8 67.3 32.7 #N/A #N/A

#270 0.053 357.4 68.4 31.6 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By

Sample Source Sample No. Soil Description

BHPS KH150387A 7/22/2016 9/15/2016 GS

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Onsite MCCA2  HA1 gravelly, very silty SAND (SM)

522.6 9 Not applicable: undocumented fill

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

Everett Office | 2911 ½ 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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Background Soil, Geology, and Ground Water Data 
(Regional Maps, Previous Studies Exploration Logs 

and Laboratory Testing Data) 
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Approximate location of facilities indicated by red outline 

 

Excerpt from Geologic Map of the Bothell quadrangle, Snohomish and King Counties, Washington 
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Approximate location of facilities indicated by red outline 

Excerpt from Natural Resources Conservation Service, 2016, Web soil survey  



 

 

 
 
 
 
 
 

APPENDIX D 
 

Soil Probe, Level Survey, and 
Field Infiltration Testing Data 
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MCCA Soil Probe Data

Soil Probe and Depth of Loose Soil0.8
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MCCA Level Survey Data

Elevation, Project Datum (see text)

*Measured height of 4-inch-pipe 
invert at 0.1-feet above base of yard 
drain grate; unable to survey directly.

LEVEL SURVEY DATA

98.66

98.07

98.00

97.79

97.85

97.71

98.11

97.81

97.81

97.92

97.8497.84

97.81

97.88

98.52

98.29

98.34

98.45

97.87

97.62

97.68

97.77

98.54

97.85

97.70

97.64

Base of inlet 

pipe: 99.12

Base of inlet 

pipe: 99.03

Base of yard drain grate: 97.80;

4-inch overflow inlet: ~97.9*

Base of yard 

drain grate: 

97.98;

4-inch overflow 

inlet: ~98.1*

Top of WP 

casing: 98.52

Top of WP 

casing: 99.43

D2



MCCA Level Survey Data

Elevation, Project Datum (see text)

LEVEL SURVEY DATA

98.66

D3

Concrete light pole 

base = 100.00

Parking lot corner, on 

pavement in parking 

space = 99.04

Parking lot corner, on 

pavement in parking 

space = 99.06

Overflow stub 1, 

base of pipe: 98.37

Overflow stub 2, 

base of pipe: 98.46

Overflow stub 3, 

base of pipe: 98.24

Overflow stub 4, base 

of pipe: 98.41
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Cell MCCA1 and MCCA2 
Level Survey Data 

 

Location 
MCCA1 
Elevation  (feet, 
project datum) 

MCCA2 
Elevation  (feet, 
project datum) 

Top of cement lamp post base, east side of parking lot  100 

Base of inflow pipe  99.12  99.03 

Base of facility, low point  97.71  97.62 

Base of 8‐inch overflow yard drain grate  97.98  97.80 

Base of 4‐inch overflow pipe*  ~98.1*  ~97.9* 

Top of well point  99.43  98.52 

Base of lowest overflow stub  98.24 

Points in base of cells  On map 

 
Cell MCCA1 and MCCA2 

Probe Survey Data List (Excludes Outliers) 
 

MCCA1, 
Probe 

Penetration 
(feet): 

MCCA2, 
Probe 

Penetration 
(feet): 

0.9  1.3 

0.7  0.8 

0.9  1.1 

0.9  0.6 

1  0.7 

0.7  1 

0.8  1 

0.9  0.9 

0.8  1.2 

0.8  0.9 

0.6  1.1 

   1 

AVERAGE: 
0.8 

AVERAGE: 
1.0 

 





Project Name Receptor Soils

Bioretention 

Soil over Qvt

Project Number KH150387A Testing Performed By ADY

Date 8/26/16

Weather Cloudy

Test No. MCCA1 IT‐1

Meter FM1/FM3

Water Source Hose bib

Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐1, feet)

Wetted area 

(ft^2)

Depth to 

water, well 

point, from top 

of casing (feet)

Notes

7:54:00 0.0 ~5 0 Dry Flow on

7:55:00 1.0 ~5 Flow off, fix hose leaks

7:57:00 3.0 5.7 Flow on

8:03:00 9.0 5.67 39

8:15:00 21.0 5.82 109

8:34:00 40.0 5.84 219

9:00:00 66.0 5.84 372

9:15:00 81.0 5.59 457

9:30:00 96.0 5.89 549 1.75

9:45:00 111.0 6.09 638 1.71

10:00:00 126.0 6.09 727 0.09

10:15:00 141.0 6.08 824 0.14

10:30:00 156.0 6.11 913 0.17

10:45:00 171.0 6.13 1003 0.18

10:55:00 181.0 7.82 0.19

11:00:00 186.0 7.82 1108 0.20

11:15:00 201.0 7.84 1223 0.23

11:30:00 216.0 7.82 1342 0.25

11:45:00 231.0 7.9 1455 0.27

12:00:00 246.0 7.84 1572 0.28

12:15:00 261.0 7.84 1690 0.30

Bioretention Hydrologic Performance 

Assessment

Associated Earth Sciences, Inc.

Kirkland, WA

Appendix D

Infiltration Test Data, MCCA1, Page 1/2

Bioretention Hydrologic Performance Study

Project No. KH150387A



Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐1, feet)

Wetted area 

(ft^2)

Depth to 

water, well 

point, from top 

of casing (feet)

Notes

12:30:00 276.0 7.87 1805 0.31

12:45:00 291.0 6.04 0.32

13:00:00 306.0 5.55 1983 0.32

13:15:00 321.0 5.55 2064 0.32

13:30:00 336.0 5.53 0.32

13:47:00 353.0 5.55 2245 0.33

14:10:00 376.0 5.55 2377 0.34

14:20:00 386.0 5.11 2422 0.34

14:31:00 397.0 5.14 2478 0.34

14:45:00 411.0 4.99 2546 0.35

15:00:00 426.0 4.99 2623 0.36 180

15:10:00 436.0 4.97 2674 0.36

15:20:00 446.0 4.99 2722 0.36

15:30:00 456.0 5 2772 0.36

15:40:00 466.0 4.97 2824 0.37

15:50:00 476.0 4.99 2872 0.38

16:00:00 486.0 4.97 2925 0.38 180

16:15:00 501.0 4.99 2998 0.38

1.36 feet at 

16:09

Flow off, beign falling 

head

16:18:00 504.0 0.38

16:20:00 506.0 0.37

16:24:00 510.0 0.36

16:29:00 515.0 0.35

16:34:00 520.0 0.34

16:38:00 524.0 0.33

16:40:00 526.0 0.33

16:45:00 531.0 0.32

8/29/2016, dry 

at 07:00

End test. Well point 

datalogger retrieved 

8/29/2016

Associated Earth Sciences, Inc.

Kirkland, WA

Appendix D

Infiltration Test Data, MCCA1, Page 2/2

Bioretention Hydrologic Performance Study

Project No. KH150387A
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Project Name Receptor Soils

Bioretention Soil over 

Qvt/Fill

Project Number KH150387A Testing Performed By ADY

Date 8/8/16

Weather cloudy, light rain

Test No. MCCA2 IT‐1

Meter FM1/FM3

Water Source Hose bib

Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head (temporary staff 

gauge SG‐2, feet)

Wetted area 

(ft^2)

Depth to water, well 

point, from top of casing, 

feet

Notes

8:58:00 0.0 2.60 0 Dry Flow on

8:59:00 0.0 Flow off, fix hose leaks

9:05:00 0.0 2.44 Flow on

9:11:00 6.0 4.18 28

9:18:00 13.0 4.20 58 0.1

9:30:00 25.0 4.22 107 0.11

9:45:00 40.0 4.22 171 0.15

10:00:00 55.0 4.27 234 0.18

10:15:00 70.0 4.25 298 0.21

10:20:00 75.0 2.28 312 0.22

10:25:00 80.0 0.21

Begin short falling head 

test

10:30:00 85.0 0.2

10:35:00 90.0 0.2

10:40:00 95.0 0.19

10:45:00 100.0 0.19

10:49:00 104.0 0.18

10:56:00 111.0 0.34 315 0.18

End short falling head 

test, resume flow

11:05:00 120.0 0.63 322 0.17

11:45:00 160.0 1.48 382 0.21

12:00:00 175.0 1.47 403 0.222

Bioretention Hydrologic Performance 

Assessment

Associated Earth Sciences, Inc.

Kirkland, WA

Appendix D

Infiltration Test Data, MCCA2, Page 1/2

Bioretention Hydrologic Performance Assessment

Project No. KH150387A



Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head (temporary staff 

gauge SG‐2, feet)

Wetted area 

(ft^2)

Depth to water, well 

point, from top of casing, 

feet

Notes

12:15:00 190.0 1.47 426 0.24

12:30:00 205.0 1.48 447 0.25

12:45:00 220.0 1.44 469 0.26

13:00:00 235.0 1.46 491 0.27

13:15:00 250.0 1.44 513 0.28

13:30:00 265.0 1.45 534 0.29

13:45:00 280.0 1.46 556 0.3

14:00:00 295.0 1.43 579 0.31

14:15:00 310.0 1.43 600 0.32

14:30:00 325.0 1.40 621 0.33

14:45:00 340.0 0.89 635 0.33

15:00:00 355.0 0.91 649 0.33 192

15:18:00 373.0 0.90 665 0.335

15:30:00 385.0 0.90 675 0.335

15:40:00 395.0 0.89 684 0.34 0.84 feet at 15:37

15:50:00 405.0 0.90 693 0.34

15:55:00 410.0 0.89 698 0.34

16:00:00 415.0 0.89 703 0.34 192

16:09:00 424.0 0.34

Flow off, begin falling 

head

16:15:00 430.0 0.335

16:20:00 435.0 0.33

16:30:00 445.0 0.33

16:29:00 444.0 0.35

16:34:00 449.0 0.34

16:38:00 453.0 0.33

16:40:00 455.0 0.33

16:45:00 460.0 0.32

On 8/9/16 1.88 feet at 

09:34

End test.  Well point 

datalogger retrieved 

8/9/2016

Associated Earth Sciences, Inc.

Kirkland, WA

Appendix D

Infiltration Test Data, MCCA2, Page 2/2

Bioretention Hydrologic Performance Assessment

Project No. KH150387A



Associated Earth Sciences, Inc. KH150387A Bioretention Hydrologic Performance Study

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0.0 60.0 120.0 180.0 240.0 300.0 360.0 420.0 480.0 540.0 600.0

W
at

er
 H

ei
gh

t (
fe

et
 fr

om
 b

as
e 

of
 c

el
l)

Elapsed Time (minutes)

MCCA2 Infiltration Test Plot 1
Head (temporary staff gauge SG‐1, feet) Logger (adjusted, feet)

Falling head

Falling 
head

Approx. 0.9 gallons 
per minute flow

Approx. 1.4 gallons 
per minute flow

Approx. 2.5 to 4 
gallons per 
minute flow



Associated Earth Sciences, Inc. KH150387A Bioretention Hydrologic Performance Study

‐1.4

‐1.2

‐1

‐0.8

‐0.6

‐0.4

‐0.2

0

0.2

0.4

0.6

0.8

1

0.0 60.0 120.0 180.0 240.0 300.0 360.0 420.0 480.0 540.0 600.0

W
at

er
 H

ei
gh

t (
fe

et
 fr

om
 b

as
e 

of
 c

el
l)

Elasped Time (Minutes)

MCCA2 Infiltration Test Plot 2
Water Level, SG‐1, Hand Measured Water Level, SG‐1, Logger Water Level, Well Point, Hand Measured Water Level, Well Point, Logger

Falling head

Falling 
head

Approx. 0.9 gallons 
per minute flow

Approx. 1.4 gallons 
per minute flow

Approx. 2.5 to 4 
gallons per 
minute flow



Associated Earth Sciences, Inc. KH150387A Bioretention Hydrologic Performance Study

‐1.4

‐1.2

‐1

‐0.8

‐0.6

‐0.4

‐0.2

0

0.2

0.4

0.6

0.8

1

0.0 120.0 240.0 360.0 480.0 600.0 720.0 840.0 960.0 1,080.0 1,200.0 1,320.0 1,440.0 1,560.0

W
at

er
 H

ei
gh

t (
fe

et
 fr

om
 b

as
e 

of
 c

el
l)

Elasped Time (Minutes)

MCCA2 Infiltration Test Plot 2
Water Level, SG‐1, Hand Measured Water Level, SG‐1, Logger Water Level, Well Point, Hand Measured Water Level, Well Point, Logger

Falling head
Falling 
head

Approx. 1.4 to 2.3
gallons per minute 

flow

Approx. 4 to 7 
gallons per 
minute flow



 

 

 
 
 
 
 
 

APPENDIX E 
 

Site Photos 
 
 



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

 

Cell MCCA1 during site visit 

 

Cell MCCA2 during infiltration testing (overflow grate opened for observation) 
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Flow from inlet to MCCA2 during beginning of infiltration testing, with some flow visible 

 

Overflow structure in Cell MCCA1 
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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, WA 98012 

Principal in Charge:  Curtis J. Koger, L.G., L.E.G., L.Hg. 

    Project Name: 
Bioretention Hydrologic 
Performance Study 

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

Subject: 
Deliverable 4.5, Site NOL, Geotechnical/Soils Assessment Design Data and Current Conditions, 
Noll Roundabout, Poulsbo, Washington 

 
 

1.0  INTRODUCTION 
 
This technical memorandum documents existing shallow soil and ground water conditions in the 
bioretention pond (cell NOL) at the Noll Road NE and NE Lincoln Road roundabout,  located  in 
Poulsbo, Washington (Figure NOL 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 August 4, 2016, infiltration 
testing on September 15, 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. 
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October 25, 2016 
Project No: KH150387A  Page 2 

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 for use in modeling performance.   
 
Specifically, our scope included the following activities: 
 

 Review of project documents. 

 Site reconnaissance. 

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

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

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

 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. 

 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.” 

 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. 

 Conduct qualitative assessment of soil compaction via T‐probe. 

 Conduct infiltration testing. 

 Preparation of descriptive exploration logs for each exploration. 

 Preparation of this summary document. 
 
Topography  of  the  site  and  surrounding  area  is  shown  on  Figure  NOL  F2,  “LiDAR‐Based 
Topography.”  Existing facility features and the locations of hand‐auger boreholes completed for 
this study are shown on Figure NOL 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 NE Lincoln Road and Noll Road NE roundabout  intersection  in Poulsbo, 
Washington, as shown on the attached “Vicinity Map” (Figure NOL F1) and was designed as part of 
a  series of City of Poulsbo drainage  improvements  to  the Noll Road corridor.   The Noll Road 
roundabout is situated on the edge of the City of Poulsbo incorporated area (see Figure NOL F1), 
and is situated in generally a rural density area.  LiDAR topography and other near‐site vicinity 
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features are illustrated on Figure NOL F2, “LiDAR‐Based Topography.”  No natural surface water 
features are present onsite or  in the  immediate vicinity.   An unnamed creek  is  located about 
1,000 feet west of the site.  Per the Washington State Source Water Assessment Program Mapping 
Application,  the site  is  located within  the 6‐month  time of  travel area of  the Group A City of 
Poulsbo Lincoln Well #1 (Well tag AAB481), within the 1‐year time of travel of the Group A Ashley 
Lane Well #1 (Well tag AAB595), and within the 10‐year time of travel area of the Group A Gala 
Pines Water Well #1 (Well tag ABP540).  Nine Group B wells are displayed within approximately 
0.5 miles of the site.   
 
Our specific area of study for this project includes the bioretention facility located on the east side 
of NE Lincoln Road, just south of the roundabout.  This project area is bordered by NE Lincoln Road 
to the north and west, by a pedestrian path to the south and east, and by a landscaping bed to the 
south.  The attached “Facility and Exploration Plan” (Figure NOL F3) illustrates the bioretention cell 
area. 
 
Details of the bioretention facility design and basis were presented in the following documents: 
 

 Plan sheets C2, C4, C6, C7, and C9, Parametrix, Inc., May 9, 2012. 

 Hydraulic Report Appendix B‐2, Soil Survey Map, Soil Logs, and Soil Sieve Test Results.  
Electronic document titled “Hydraulic Report Appendix B_Soils_optimized.pdf” 

 Hydraulic Report Appendix C, Maps and Figures. Electronic document titled “Nol Road 
Roundabout HydRpt.pdf 

 
3.1  Summary of Facility Design 
 
From our  review of  these documents,  the bioretention  facility design  for cell NOL consists of 
approximately 520 square feet of bioretention base area as shown on Figure NOL F3, “Facility and 
Exploration Plan.”  We understand that the NOL cell was sized per the 2005 Washington State 
Department of Ecology (Ecology) Stormwater Management Manual for Western Washington (2005 
 Ecology Manual), and modeled using WWHM3 based on a developed condition drainage basin of 
0.68 acres and with a design infiltration rate of 0.5 inches per hour (in/hr).  Land use within the 
drainage basin consists of asphalt road, landscaping, concrete and pervious pathways.  Per plan 
sheet C9 (Parametrix, Inc., May 9, 2010), the facility design includes 1.5 feet 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 a 4‐ to 6‐inch‐thick graded  filter  layer composed of “Gravel 
Backfill for Drains.”  The rock‐filled trench contains a 6‐inch‐diameter perforated underdrain pipe 
bedded in approximately 1.5 feet of “Gravel Backfill for Drywells,” which overlies native soil.  Cell 
NOL is designed to infiltrate 96.4 percent of the annual inflow into the subgrade.  The facility was 
constructed in September 2012 and began receiving runoff that month (Email communication, Anja 
Hart, City of Poulsbo Public Works, September 7, 2016).  
 
Inflow  to  cell NOL  is  through  a  single  12‐inch‐diameter CPE  pipe.    Inflow  soaks  through  the 
bioretention soil mix, collects in the rock‐filled trench and either infiltrates into the subgrade or is 
collected  in  the  underdrain  pipe.    The  underdrain  pipe  connects  to  the  overflow  structure 
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catch basin CB4.  CB4 is set about 1 foot above the surface of the bioretention cell and capped with 
a beehive grate.  If ponding in excess of about 1 foot occurs on the bioretention soil, the overflow is 
also collected within CB4.  Another outfall pipe is located within CB4 that will direct stormwater to 
a series of catch‐basin structures, which eventually discharge to a ditch along Noll Road NE via a 12‐
inch‐diameter pipe.   Within CB4, the underdrain pipe  invert  is shown to be 0.12 feet  lower  in 
elevation than the overflow pipe invert.   
 
 
4.0  SITE OBSERVATIONS 
 
During AESI’s site visits, we made notes regarding the physical construction of the bioretention 
facility  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 NOL F3, “Facility and Exploration Plan.” 
 

 Level Survey:  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 
southeast corner of the cement pad for utility box near the facility inflow 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.  These 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. 
 

 Inflow:  One inflow to the facility is present, which consists of a 12‐inch corrugated black 
plastic pipe, which discharges onto an approximately 4‐foot by 6‐foot splash pad consisting 
of angular rock to 0.8 feet in size.  No evidence of erosion was noted.  AESI observed some 
deposition of leaf litter and silt in the angular rock and the inflow pipe. 
 

 Overflow: One overflow is present.  This overflow, labeled CB4 on plan sheet C4, consists of 
an approximate 1.6‐ by 2‐foot‐wide metal beehive‐style grate, with a lip approximately 
0.8 feet above the surface of the bioretention soil within the facility in this location.  Two 
pipes are present  in the sump beneath this overflow grate.   One corresponds with the 
perforated underdrain pipe underlying the facility, indicated on plan sheet C4 and on the 
detail drawing on plan sheet C9 (Parametrix, Inc., 2012).  As measured by AESI, the base of 
this underdrain pipe  is 3.90 feet below the  lip of the overflow grate.   The second pipe 
present is the overflow discharge pipe, which discharges to the ditch along the western side 
of Noll Road.   The base of the overflow discharge pipe  is 3.77 feet below the lip of the 
overflow grate. 
 

 AESI notes that the difference in elevation between the facility base and the top of the 
eastern side of the facility is approximately 1 foot, rather than the 2 feet indicated on plan 
sheet C4 (Parametrix, Inc., May 9, 2012). 
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 AESI investigated the loose bioretention soil thickness present in the bioretention cell 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‐foot spacing in a line along the center of the facility 
base.  The apparent thickness of bioretention soil generally ranged from approximately 1.4 
feet to 1.6 feet and averaged 1.5 feet thick.  Probe penetration data is included in Appendix 
D to this document.   

 
Table 1 

Summary of Cell NOL 
Level Survey Data 

 

Location 
Elevation 

(feet, project datum) 

(S‐1) Southeast corner of utility pad  100 

(S‐2) Concrete lamp base  98.41 

(S‐3) Middle of crosswalk, south side, at curb corner  101.3 

Inflow, base of pipe  98.3 

Overflow rim  99.45 

High point on southeastern embankment of cell, south of center  99.88 

High point on southeastern embankment of cell, north of center  99.93 

Well point, top of casing  101.01 

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  if available.   Our  sources of  information  included  the 
following. 
 

 Site‐specific documents cited previously under “Project and Site Description.”  

 Sceva, J.E., Geology and Groundwater Resources of Kitsap County, Washington, United 
States Geological Survey, Water Supply Paper WSP‐1413, scale 1:48,000, 1957. 

 Soil Survey of Kitsap County area, Washington, United States Department of Agriculture, 
Natural Resource Conservation Service (NRCS), 1980. 

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

 Welch, W.B. et al., Hydrogeologic Framework, Groundwater Movement, and Water Budget 
of  the  Kitsap  Peninsula, West‐Central Washington,  United  States  Geological  Survey, 
Scientific Investigations Report 2014‐5106, 2014. 
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5.1  Regional Topography and Project Grading 
 
The project site is situated on a rolling upland with low hills and shallow valleys elongated in the 
north‐south direction, and elevations general range from 310 to 370 feet  in the vicinity of the 
project site as shown on Figure NOL F2, “LiDAR‐Based Topography.”  The upland plateau extends 
north to Port Gamble and south to Liberty Bay.   Surface water features relatively close to the 
project include intermittent streams within the low valleys west and east of the project.   
 
On a closer scale, the site occupies the eastern flank of a low ridge, and drains southward via a 
drainage ditch along Noll Road, eventually draining to a stream that discharges to Liberty Bay.  The 
ground  surface descends gradually  to  the  south and east  in  the vicinity of  the  site.   Prior  to 
bioretention cell construction, the site existing condition consisted partially of Noll Road right‐of‐
way and partially of vegetated area.  Minor cuts of varying depth, typically on the order of 3 to 5 
feet,  were  necessary  to  achieve  bioretention  cell  subgrade,  and  that  placement  of  up  to 
approximately 2 feet of fill soils was required to build up the eastern bank of the cell based on a 
review of existing topography compared with built topography. 
 
5.2  Regional Geology and Background Geotechnical Information 
 
According to the geologic mapping (Sceva, 1957), the site vicinity is underlain by Vashon lodgement 
till. 
 

 Vashon Lodgement Till (Qvt):  The uppermost soil unit is a deposit of Vashon lodgement till. 
This is described in the geologic map as a hard gray mixture of clay, silt, sand and gravel as 
much as 80  feet thick.   This unit was deposited during the Vashon Stade of the Fraser 
Glaciation, and was directly overridden by the glacial  ice, resulting  in a high degree of 
compaction. 
 

Three test pits (TP‐3, TP‐4, and TP‐5) were excavated in the proposed footprint of cell NOL and 
were contained in Appendix B‐2 of the hydraulic report.  The test pits described “Hard Pan, Gray 
Cemented Sand” at depths of 3 to 3.5  feet below ground surface prior to construction of the 
project.  Vashon lodgement till is locally referred to as “Hard Pan,” and “Hard Pan” descriptions are 
consistent with the geologic mapping of the area. 
 
5.3  Regional Soils and Soil Data Used in Site Stormwater Model 
 
AESI  reviewed  the Soil Survey of Kitsap 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.   
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Mapped soils in the project area consist of Poulsbo gravelly sandy loam.  Poulsbo soils are formed 
from the weathering of glacial till.   NRCS describes the permeability  in the undisturbed upper 
24 inches of the Poulsbo soil as moderately well‐drained, ranging from 2.0 to 6.3 in/hr.  However, in 
developing areas, this upper soil is typically removed or compacted, as is the case for the majority 
of the NOL bioretention cell.  The lower portion of the soil profile has a low permeability, less than 
0.06 in/hr at depth (NRCS , 1980).  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 Appendix C of the hydraulic report, the pre‐developed condition was modeled as 
Type C soils, consistent with mapped soil and background geotechnical data. 
 
5.4  Regional Hydrogeology and Background Ground Water Data 
 
Regional hydrogeology is described in Hydrogeologic Framework, Groundwater movement, and 
Water Budget of the Kitsap Peninsula, West‐Central Washington (Welch, et al., 2014), which refers 
to Vashon lodgement till as a confining unit which is present at ground surface throughout much of 
the area.  The Vashon lodgement till is described as somewhat discontinuous due to erosion by 
streams, and variable  in thickness from a thin veneer to more than 185 feet, with an average 
thickness of 62 feet.  A very shallow seasonal perched water‐bearing zone typically forms in the 
weathered horizon of  the Vashon  lodgement  till, and  is  referred  to as “interflow.”    Interflow 
typically accumulates within the weathered soils on top of the unweathered till and flows laterally 
generally in the direction of sloping ground.  Interflow discharges in low areas forming wetlands, at 
near‐vertical cuts along roadways, walls or in excavations, or slowly infiltrates into the underlying 
unweathered till as diffuse recharge, or along fractures or sandy zones in the till.   
 
No background data on ground water was available.  The presence or absence of seepage was not 
described on the soil logs contained Appendix B‐2 of the hydraulic report. 
 
 
6.0  BIORETENTION CELL SUBSURFACE EXPLORATION AND WELL POINT INSTALLATION 
 
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.  In the bioretention cell, 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, or completed 
as a well point and the bioretention soil replaced. 
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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 NOL 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 NOL were completed on August 4, 2016.  No rain was observed during 
this time, and no flow was observed from the inlet pipe. 
 
Hand‐auger boring number 1 (NOL‐HA‐1) was completed in the northern portion of the cell, and 
encountered approximately 1.5  feet of bioretention soil, overlying drain rock.   No seepage or 
caving were observed.   Hand‐auger boring numbers 2 and 3  (NOL‐HA‐2 and NOL‐HA‐3) were 
completed along the eastern edge of the cell base.  They encountered approximately 1.7 feet and 
1.9 feet, respectively, of bioretention soil, overlying material interpreted as weathered Vashon 
lodgement till, to a total depth of 4 feet and 3.5 feet, respectively.  No seepage or caving were 
observed.  A well point was installed in NOL‐HA‐2. 
 
6.2  Well Points 
 
A well point was installed in HA‐2.  Key dimensions of this well point are provided in Table 1, below. 
 

Table 2 
Summary of Cell NOL 
Well Point Dimensions 

 

Well 
Point 

Exploration in 
which Well Point 
was installed 

Total Length 
of Casing 
(feet)  Interior Diameter 

Stickup 
Height (feet) 

Total Depth Inside 
Casing Below Ground 

Surface (feet) 

NOL‐WP  NOL‐HA‐2  5.3  1.25 inch nominal  1.7  3.6 
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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 for each cell 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  the 
subgrade from each cell was tested for grain‐size distribution.  The data is summarized in Table 3.   
 

Table 3 
Summary of Cell NOL 

Organic Content and Grain Size Data 

 

Exploration 
Number 

Depth 
(feet)  Soil Type 

Organic 
Content 
(% by 
weight) 

USCS Soil 
Description 

Fines 
Content 

(% 
passing 
#200)  Cu  Cc 

USDA Soil 
Texture* 

NOL‐HA‐1  0.6‐0.9  Bioretention 
Soil 

3.5  SAND, trace 
silt, trace 
gravel (SP) 

0.8%  3.6  0.9  Sand 

NOL‐HA‐3  0.6‐0.9  Bioretention 
Soil 

3.8  SAND, trace 
silt, trace 
gravel (SP) 

0.4%  3.9  0.9  Sand 

NOL‐HA‐3  3‐3.3  Vashon 
Lodgement Till 

Not tested  Silty, gravelly 
SAND (SM) 

14%  39  0.6  Sandy loam 
to loamy 
sand 

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. 

 
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 3.8 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” based on ASTM D2487 USCS.    The  respective  fines  content  as 
measured on  the No. 200  sieve  ranged  from approximately 0.4  to 0.8 percent,  less  than  the 
recommended range of 2 to 5 percent the 2014 Ecology Manual.  The coefficient of uniformity 
ranged  from 3.6 to 3.9,  less than the recommended value of equal to or greater than 4.   The 
coefficient of curvature was 0.9 for both samples tested, consistently lower than the recommended 
range of greater than or equal to 1 and less than or equal to 3.  The soil mix generally did not meet 
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(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 NOL Site Data 

 

Parameter 
Recommended  

Range  NOL 

Organic Content (by weight)  5 to 8 percent  3.6 percent by weight 

Cu coefficient of uniformity  4 or greater  3.7 

Cc coefficient of curvature  1 to 3  0.9 

Sieve Size  Percent Passing 

   3/8” (9.51 mm)  100  99 

   #4 (4.76 mm)  95 to 100  96 

   #10 (2.0 mm)  75 to 90  76 

   #40 (0.42 mm)  25 to 40  14 

   #100 (0.15 mm)  4 to 10  1.6 

   #200 (0.074 mm)  2 to 5  0.6 

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

 
7.2  Subgrade  
 
In cell NOL, a sample of native glacial till was sieved.   The tested material correlates to a silty, 
gravelly SAND with 14 percent by weight of the material passing the No. 200 sieve 
 
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 18 percent for the native glacial till 
material.   
 
8.0  INFILTRATION TESTING 
 
8.1 General Infiltration Test Method 
 
An 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 facility was discontinued, and the water level was monitored as it dropped.  This 
constitutes the “falling head” portion of the infiltration testing. 
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The water for testing was obtained from a fire hydrant located on Noll Road, and conveyed to cell 
NOL with fire hoses.  During infiltration testing, the water was conveyed into the bioretention cell 
via a digital flow meter with gallons per minute (gpm) and total gallon readouts, and discharged 
through a flow diffuser.  Water levels were monitored using a 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 discharge (SG‐2), within the well point and within the overflow structure (CB4) 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 NOL 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 NOL 
 
AESI performed infiltration testing on September 15, 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 150 gpm.    Inflow to the facility for the 
infiltration test was directed, through a diffuser, onto the splash pad by the facility inflow pipe, 
noted on Figure NOL F3.  After approximately 25 minutes, AESI noted that water was flowing back 
into the inflow pipe and storm drain grates.  To avoid backflow, AESI turned flow off and moved the 
test inflow to the southern end of the facility, away from the facility inflow, and restarted the test.  
The flow was maintained at approximately 150 gpm (the maximum flow off of the fire hydrant) for 
approximately 7 hours, during which the water  level  in the  facility rose slowly to 0.32 feet as 
measured on SG‐2 over  the course of approximately 2 hours, and was stable at  this  level  for 
approximately 5 hours.  The wetted pool extended across about half of the facility base at this flow 
rate and pool level.  No water was observed within the well point during or after the infiltration 
test, or wetting SG‐1 (adjacent to the well point) at any point during the test.   Approximately 
66,000 gallons of water were used.  During the constant flow portion of the testing, AESI noted flow 
entering the overflow structure CB4 from the perforated pipe underdrain.  The height of the water 
above the inlet of the underdrain pipe stabilized at about 0.42 feet.  The water readily flowed out 
of CB4 at this height and into a series of storm drain pipes and catch basins, eventually discharging 
into the ditch along the western edge of Noll Road.   
 
The flow rate at the ultimate discharge pipe  into the Noll drainage ditch could not be directly 
measured, however AESI measured the depth of water  flowing within the 12‐inch corrugated 
plastic discharge pipe as ranging from 0.40 to 0.42 feet during the course of testing.   
 
After about 7 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 dropped from 0.32 feet to 0.04 feet over the course of 
approximately  3 minutes.    Flow  at  the  discharge  pipe  into  the Noll  drainage  ditch was  also 
monitored.  The flow rate began to diminish readily after about 4 minutes, and slowed to a trickle 
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after about 25 minutes.   
 
After completion of the infiltration test and once flow into the Noll drainage ditch had decreased to 
trace flow, AESI conducted a comparative flow test to estimate flow rates into the into the Noll 
drainage ditch during testing.  AESI directed water into the nearest upstream catch basin (CB7), set 
known flow rates using the digital flow meter, and measured the corresponding depth of water 
flowing within the discharge pipe into the Noll drainage ditch.  AESI found that the depth of water 
observed in the overflow pipe during the infiltration test correlated closely with the depth of water 
observed with approximately 150 gpm of  flow  in the pipe.   AESI therefore  interprets that the 
majority of water used during testing infiltrated through the bioretention soil, but flowed to the 
overflow rather than infiltrating into the native subsurface.  The relationship between inflow and 
outflow will be better approximated after reviewing the planned flow monitoring data. 
 

Table 5 
Cell NOL 

Infiltration Test Results 

 

  Surface 
Area 

(square 
feet) 

Discharge 
Time 

(minutes) 

Total 
Volume 

Discharged 
(gallons) 

Approximate 
Constant 
Head Level 

(feet) 

Field Infiltration Rates 

Test No. 

Constant 
Head Test 
(in/hr) 

Falling Head Test 
(in/hr) 

NOL 
(bioretention 

soil) 

250  419  66,049  0.32  58  65 

NOL 
(subgrade) 

Unknown, estimated area 
of rock‐filled trench was 
filled with water, at 360 SF 

    nil  nil 

in/hr: inches per hour 

 
 
9.0  FINDINGS AND CONCLUSIONS 
 
The bioretention area at the NOL site varied somewhat from the design shown on the civil plan 
sheets.  Variations included the following: 
 

 Bioretention soil 
 

o Thickness:  Apparent  thickness  of  bioretention  soil  present  appeared  to  vary 
somewhat.  However, overall apparent average thickness was similar to the planned 
thickness of 1.5 feet. 
 

o Composition:  The  soil  tested  in  NOL  did  not meet  (contained  less  than)  the 
recommended guidelines for organic content and fines content.  The soil tested did 
not meet the recommended fraction of fine sand and silt, was essentially a well‐
sorted medium sand.   
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o Facility Base Depth: Per AESI’s level survey, the southern wall of the facility rises 

only approximately 1 foot above the base of the facility.  This differs from the 2‐foot 
difference shown on plan sheet C4 and detail shown on plan sheet C9 (Parametrix, 
Inc., 2012). 

 

 The overflow is different than the plan in that the ponded water surface can only build up 
to about 0.7 feet before the cells begin to overflow.  Site design documents indicate that 
the ponding level was designed as 1 foot.  However, given the high infiltration rate of the 
bioretention soil, direct overflow through the beehive grate is unlikely to occur. 
 

 Subgrade  conditions:    The  subgrade  appeared  to  consist  of  Vashon  lodgement  till, 
consistent with geologic and soils mapping of the area. 
 

 Review  of  existing  and  developed  topography  (plan  sheet C4,  Parametrix,  Inc.,  2012) 
indicates that cuts of varying depth, typically on the order of 3 to 5 feet, were necessary to 
achieve bioretention cell subgrade, and that placement of up to approximately 2 feet of fill 
soils would have been required to build up the eastern bank of the cell.  This is consistent 
with the presence of weathered glacial till beneath the cell in the vicinity of NOL‐HA‐2 and 
NOL‐HA‐3, on the eastern edge of the cell.  In the case of deeper cuts, such as those on the 
western side of the cell or beneath the rock‐filled trench, this weathered glacial till would 
be largely stripped away as part of site development. 
 

 The field infiltration rate was measured at about 60 in/hr.  During the infiltration test, water 
readily  soaked  through  the  bioretention  soil mix  and  accumulated  on  the  underlying 
subgrade as indicated by the water level response within the overflow system (CB4).  The 
data  indicate  that  the  native  subgrade  has  a  lower  permeability  than  the  overlying 
bioretention  soil.    The  calculated  infiltration  rates  are  interpreted  to  apply  to  the 
bioretention soil through which the water appeared to infiltrate rapidly, and not to the 
underlying native subsurface, which we conclude water pooled on top of before flowing to 
the overflow system. 
 

 Based on the similarity between water levels in the overflow discharge pipe during the 
infiltration test with 150 gpm directed into the bioretention cell, and with 150 gpm directed 
directly into the overflow, AESI interprets that the majority of flow during the infiltration 
testing was discharged via the overflow, and that little infiltration into the native subsurface 
occurred.  The relationship between inflow and outflow will be better approximated after 
reviewing the planned flow monitoring data. 
 

 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. 
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EFFECTIVENESS AND LEAD TO INCORRECT INTERPRETATION.

NOTES:

1.  BASE MAP REFERENCE: PARAMETRIX, NOLL ROAD

ROUNDABOUT, POULSBO, WASHINGTON, GRADING, DRAINAGE

AND SANITARY SEWER PLAN, C4, 5/9/2012

CONTOUR INTERVAL = 1’

NOTE:  LOCATION AND DISTANCES SHOWN ARE APPROXIMATE.
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APPENDIX A 
 

Project Civil Plans 
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APPENDIX B 
 

Current Study Exploration Logs and 
Laboratory Testing Data 

 



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

Cell NOL 

Exploration Latitude and Longitude 

Exploration  Latitude  Longitude 

NOL‐HA‐1  47.75057  ‐122.61301 

NOL‐HA‐2  47.75054  ‐122.61298 

NOL‐HA‐3  47.75049  ‐122.61304 

 



Bioretention Soil Mix

Surface;  leaf litter

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

Drain Rock
Loose, medium to coarse GRAVEL, some sand (GP).

Bottom of exploration boring at 1.6 feet
Refusal due to caving.  No seepage.
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Bioretention Soil Mix

Loose, dry, brown, SAND, trace gravel, trace silt; organics present;
mostly medium sand (SP).  Minor leaf litter present at ground surface.

Vashon Lodgement Till

Medium dense to dense, dry, light brown, silty, gravelly SAND;
unsorted (SM).

Becomes gray at 3.9 feet.

Above ground stick up -1.7
feet
Threaded PVC cap
Bioretention soil mix 0 to 0.3
foot
Bentonite chips  0.3 to 0.5
foot

Threaded steel pipe  -1.7 to
0.7 feet

Medium sand 0.5 to 4 feet

Stainless steel jacket over
stainless steel #60 gauze
welded to perforated steel
pipe 0.7 to 3.2 feet

Threaded steel pipe, 1 1/4
inch ID and end cap 3.2 to
3.6 feet

Solid drive point 3.6 to 3.9
feet

Boring terminated at 4 feet.
Well completed at 4 feet on 8/4/16.
Refusal due to cobbles.  No seepage.  No caving.
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Bioretention Soil Mix

Surface;  leaf litter

Loose, dry, brown, SAND,trace silt; organics present; mostly medium sand
(~63 percent) (SP).

Vashon Lodgement Till

Medium dense to dense, dry, light brown, silty, gravelly SAND; cobbles (4
inches) present (SM).

Bottom of exploration boring at 3.5 feet
Refusal due to cobbles.  No seepage.  No caving.
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         Moisture, Ash, and Organic Matter of Peat 
         and Other Organic Soils - ASTM 2974

Date Sampled Project Project No. Soil Description
8/4/2016 BHPS KH150387A
Tested By Location EB/EP No. Depth Bioretention soil mix
MS NOL NOL

Moisture Content NOL Moisture Content NOL
Sample ID HA1 0.6-0.9 Sample ID HA3 0.6-0.9
Wet Weight + Pan 875.30 Wet Weight + Pan 995.30
Dry Weight + Pan 851.07 Dry Weight + Pan 965.72
Weight of Pan 307.12 Weight of Pan 306.95
Weight of Moisture 24.23 Weight of Moisture 29.58
Dry Weight of Soil 543.95 Dry Weight of Soil 658.77
% Moisture 4.5 % Moisture 4.5

Organic Matter and Ash Content Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 906.78 Dry Soil Befor Burn + Pan 1056.52
Dry Soil After Burn + Pan 887.72 Dry Soil After Burn + Pan 1031.43
Weight of Pan 358.19 Weight of Pan 392.16
Wt. Loss Due to Ignition 19.06 Wt. Loss Due to Ignition 25.09
Actual Wt. Of Soil After Burn 529.53 Actual Wt. Of Soil After Burn 639.27
% Organics 3.5 % Organics 3.8

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



Depth (ft)

3‐3.3

D10 (mm)

~0.04

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 73.9 7.2 92.8

3/8 9.51 146.1 14.3 85.7

#4 4.76 274.9 27.0 73.0

#8 2.38 379.5 37.2 62.8

#10 2 398.6 39.1 60.9

#20 0.85 467.0 45.8 54.2

#40 0.42 562.1 55.1 44.9

#60 0.25 682.3 66.9 33.1

#100 0.149 791.8 77.6 22.4

#200 0.074 878.0 86.1 13.9

#270 0.053 905.0 88.7 11.3

BHPS

Date Tested

9/1/2016

Total Sample Dry Wt. (g)

1019.9

Reference Specification

Not applicable: native material

Sample Source

Onsite

Soil Description

silty, gravelly SAND (SM)

7

Moisture Content (%)

Sample No.

NOL  HA3

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

KH150387A 8/4/2016 MS
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Depth (ft)

0.6‐0.9

D10 (mm)

0.316

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 5.8 1.1 98.9 #N/A #N/A

#4 4.76 19.8 3.7 96.3 #N/A #N/A

#8 2.38 103.1 19.5 80.5 #N/A #N/A

#10 2 125.8 23.7 76.3 #N/A #N/A

#20 0.85 259.8 49.0 51.0 #N/A #N/A

#40 0.42 447.3 84.4 15.6 #N/A #N/A

#60 0.25 501.7 94.7 5.3 #N/A #N/A

#100 0.149 519.7 98.1 1.9 #N/A #N/A

#200 0.074 525.7 99.2 0.8 #N/A #N/A

#270 0.053 527.9 99.6 0.4 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By

Sample Source Sample No. Soil Description

BHPS KH150387A 8/4/2016 9/1/2016 MS

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Onsite NOL  HA1 SAND, trace silt, trace gravel (SP)

529.9 0 Bioretention soil mix: burned sample

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.
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FineFine

Gravel
Silt or Clay
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Cobb.
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Depth (ft)

0.6‐0.9

D10 (mm)

0.351

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 7.1 1.1 98.9 #N/A #N/A

#4 4.76 23.6 3.7 96.3 #N/A #N/A

#8 2.38 125.5 19.6 80.4 #N/A #N/A

#10 2 154.9 24.2 75.8 #N/A #N/A

#20 0.85 379.6 59.3 40.7 #N/A #N/A

#40 0.42 556.8 87.0 13.0 #N/A #N/A

#60 0.25 611.4 95.6 4.4 #N/A #N/A

#100 0.149 630.9 98.6 1.4 #N/A #N/A

#200 0.074 637.2 99.6 0.4 #N/A #N/A

#270 0.053 638.3 99.8 0.2 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By

Sample Source Sample No. Soil Description

BHPS KH150387A 8/4/2016 9/1/2016 MS

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Onsite NOL  HA3 SAND, trace silt, trace gravel (SP)

639.7 0 Bioretention soil mix: burned sample

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.
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APPENDIX C 
 

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

and Laboratory Testing Data) 
 



























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

 

 

Approximate location of site indicated by red outline 

 

Excerpt from Sceva, J. E., 1957, Geology and ground‐water resources of Kitsap County, Washington 



 

 

 
 
 
 
 
 

APPENDIX D 
 

Soil Probe, Level Survey, and 
Field Infiltration Testing Data 

 



NOL Soil Probe Data

Soil Probe and Depth of Loose Soil0.8

SOIL PROBE DATA
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NOL Level Survey Data

Elevation, Project Datum (see text)

LEVEL SURVEY DATA

98.66

D2

98.90

98.85

98.84

98.92

98.92

98.92

98.87
98.87

98.90

99.88

99.93

Base of inlet 

pipe: 98.3

Overflow rim: 

99.45

Top of WP 

casing: 101.01

S-1 (southeast corner 

of utility pad: 100.0



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

Cell NOL 
Level Survey Data 

Location 

Elevation 
(feet, 
project 
datum) 

(S‐1) South east corner of utility pad  100 

(S‐2) Concrete lamp base  98.41 

(S‐3)  Middle  of  Crosswalk,  south  side,  at  curb 
corner 

101.3 

Inflow, base of pipe  98.3 

Overflow rim  99.45 

High point on south eastern embankment of cell, 
south of center 

99.88 

High point on south eastern embankment of cell, 
north of center 

99.93 

Well point, top of casing  101.01 

Survey points in base of cell  On map 

Cell NOL
Probe Survey Data List (Excludes Outliers) 

Probe 
Penetration 

(feet): 

1.5 

1.5 

1.4 

1.4 

1.5 

1.4 

1.5 

1.6 

1.4 

1.3 

1.5 

AVERAGE: 
1.5 





Project Name Receptor Soils

Project Number KH150387A Testing Performed By ADY

Date 9/15/16

Weather Cloudy

Test No. NOL IT‐1

Meter FM7

Water Source Hydrant

Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐1, feet)

Head 

(temporary 

staff gauge 

SG‐2, feet)

Wetted 

area (ft^2)

Depth to 

water, well 

point, from 

top of casing 

(feet)

Depth to 

water, 

overflow 

structure

(feet below 

rim)

Flow depth, 

overflow 

discharge pipe, 

end at ditch 

(feet)

Notes

7:45:00 Dry

Water level below level of undrain 

pipe in overflow structure upon 

arrival to site

7:48:00 154

Water on, trace flow in overflow 

structure between cement casing 

(leakage)

8:04:30 152.78 2462 0 Dry

0.28 ft head by overflow structure.  

Backflow into facility inflow pipe and 

storm drain system observed

8:11:30 153 3554 0 0.28 ft head by overflow structure

8:12:20 0

Flow off; Install SG‐2 in south end of 

pond

8:31:00 0.0 152.7

Flow on; no flow in overflow 

structure, time zero

8:45:00 14.0 151.08 5903 0 0.28 Dry

No backflow into facility inflow and 

storm drain system

9:00:00 29.0 148.31 8150 0 0.29 Dry 3.50 0.42

9:15:00 44.0 148.15 10377 0 0.30

9:30:00 59.0 147.84 12636 0 0.30

9:45:00 74.0 148.64 14815 0 0.30 250.00

10:00:00 89.0 149.7 17037 0 0.30 Dry 3.47 0.40

Bioretention Hydrologic Performance 

Assessment Bioretention Soil over Qvt

Associated Earth Sciences, Inc.

Kirkland, WA

Appendix D

Infiltration Test Data, Page 1/3

Bioretention Hydrologic Performance Study

Project No. KH150387A



Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐1, feet)

Head 

(temporary 

staff gauge 

SG‐2, feet)

Wetted 

area (ft^2)

Depth to 

water, well 

point, from 

top of casing 

(feet)

Depth to 

water, 

overflow 

structure

(feet below 

rim)

Flow depth, 

overflow 

discharge pipe, 

end at ditch 

(feet)

Notes

10:19:00 108.0 149.99 19876 0 0.31 Dry

10:30:00 119.0 149.54 21530 0 0.30 Dry

10:45:00 134.0 149.5 23769 0 0.32 262.00 Dry

11:00:00 149.0 148.46 26001 0 0.32 Dry 3.50 0.41

11:16:00 165.0 148.78 28396 0 0.32 Dry

11:30:00 179.0 148.15 30491 0 0.32 Dry

11:45:00 194.0 148.62 32694 0 0.32 303.00 Dry

12:00:00 209.0 148.62 34940 0 0.32 Dry 3.48 0.41

12:15:00 224.0 148.15 37147 0 0.32 Dry

12:30:00 239.0 148.15 39369 0.32 Dry

12:45:00 254.0 148 41829 0.32 303.00

13:00:00 269.0 148 43851 0 0.32 Dry 3.48 0.41

13:15:00 284.0 148.5 46016 0 0.32 Dry

13:31:30 300.5 148.62 48520 0.32

13:45:00 314.0 148.15 50490 0.32 337.50

14:00:00 329.0 148 52678 0.32 3.48 0.40

14:15:00 344.0 148.46 55007 0.32

14:30:00 359.0 148.62 57218 0.32

14:45:00 374.0 148.46 59369 0.32 337.50

15:00:00 389.0 148.15 61624 0 0.32 Dry 3.48 0.42

15:15:00 404.0 147.8 63832 0.32

15:30:00 419.0 ~148 ~66049 0.32

Water off, begin falling head. Final 

flow rate and totalizer value 

estimated based on previous value 

and rate.

15:30:18 419.3 0.26

15:30:25 419.4 0.24

15:30:30 419.5 0.39

15:30:33 419.6 0.22

15:30:45 419.8 0.20
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Time (24‐hr)
Total 

(min)

Flow Rate 

(gpm)

Totalizer 

(gal)

Head 

(temporary 

staff gauge 

SG‐1, feet)

Head 

(temporary 

staff gauge 

SG‐2, feet)

Wetted 

area (ft^2)

Depth to 

water, well 

point, from 

top of casing 

(feet)

Depth to 

water, 

overflow 

structure

(feet below 

rim)

Flow depth, 

overflow 

discharge pipe, 

end at ditch 

(feet)

Notes

15:31:00 420.0 0.18

15:31:21 420.4 0.16

15:31:36 420.6 0.14

15:31:50 420.8 0.38

15:31:55 420.9 0.12

15:32:10 421.2 0.10

15:32:30 421.5 0.08

15:32:40 421.7 0.06

15:32:54 421.9 0.04

15:34:00 423.0 0.36

15:34:30 423.5 0.35

15:36:00 425.0 0.33

15:37:45 426.8 0.30

15:39:30 428.5 0.27

15:42:30 431.5 0.23

15:48:00 437.0 0.21

15:55:00 444.0 0.18 End test. Retrieve dataloggers.
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Cell NOL, viewed from next to Lincoln Road NE 

 

Cell NOL inlet 
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Cell NOL overflow structure 

 

Cell NOL SG-2 during infiltration testing, with nearby underdrain cleanout (white PVC octagonal cap) 
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Discharge from overflow pipe during infiltration testing 
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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. 

    Project Name: 
Bioretention Hydrologic 
Performance Study 

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

Subject: 
Deliverable 4.5, Site ORLA, Geotechnical/Soils Assessment Design Data and Current Conditions, 
Olympia Regional Learning Academy, Thurston County, Washington 

 
 

1.0  INTRODUCTION 
 
This  technical memorandum documents existing  shallow  soil and ground water  conditions  in 
bioretention cell 1‐B and 2‐B (cell ORLA 1‐B and cell ORLA 2‐B) at the Olympia Regional Learning 
Academy,  located  in  unincorporated  Thurston  County, Washington  (Figure  ORLA  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 26 and August 25, 2016, 
infiltration testing on August 30 and August 31, 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. 
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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: 
 

 Review of project documents. 

 Site reconnaissance. 

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

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

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

 Rough survey of facility ponding area, focused on identifying low areas where inflow water 
would initially pool. 

 Excavate  shallow  hand  augers  through  the  bioretention  soil  and  into  the  underlying 
material. 

 Excavate  one moderately  deep  hand‐auger  to  8  to  10  feet  or  refusal,  through  the 
bioretention soil and several feet into the underlying native soil and install one well point. 

 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.” 

 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. 

 Conduct qualitative assessment of soil compaction via T‐probe. 

 Conduct infiltration testing. 

 Preparation of descriptive exploration logs for each exploration. 

 Preparation of this summary document. 
 
Topography  of  the  site  and  surrounding  area  is  shown  on  Figure  ORLA  F2,  “LiDAR‐Based 
Topography.”  Existing facility features and the locations of hand‐auger boreholes completed for 
this study are shown on Figure ORLA F3 and ORLA F4, “Facility and Exploration Plan ‐ ORLA 1‐B,” 
and “Facility and Exploration Plan, ORLA 2‐B.”   Project civil plans are attached as Appendix A.  
Exploration  logs  and  laboratory  testing  data  for  current  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. 
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3.0  SITE DESCRIPTION AND DESIGN BACKGROUND 
 
The project site  is the Olympia Regional Learning Academy  located at 2400 15th Avenue SE,  in 
unincorporated  Thurston  County,  Washington  as  shown  on  the  attached  “Vicinity  Map” 
(Figure ORLA F1).  The project site is within the Urban Growth Boundary of the city of Olympia.  This 
project site is roughly delineated by Boulevard Road SE to the west, by 15th Avenue SE to the south, 
by 12th Avenue SE to the north, and by multi‐family residences to the east.  The site is located 
about 200 feet southeast of Indian Creek, which flows to the southwest in the vicinity of the site.  A 
wetland is located offsite to the northeast.  No on‐site surface water features are present.  As 
described in the Drainage Report (LPD Engineering, PLLC [LPD], 2013) the site is in the Extreme 
Class of Critical Aquifer Recharge Areas.  LiDAR topography and other near‐site vicinity features are 
illustrated on Figure ORLA F2, “LiDAR‐Based Topography.” 
 
Our specific area of study for this project includes two bioretention cells (ORLA 1‐B and ORLA 2‐B) 
located on the south of the school building, between the school building and the associated parking 
lot as shown on the attached “Facility and Exploration Plan” figures (Figure ORLA F3 and Figure 
ORLA F4). 
 
Details of the bioretention facility design and basis were presented in the following documents: 
 

 Report, Geotechnical Engineering Services, Proposed ORLA Facility,” Insight Geologic, Inc., 
Project No. 566‐001‐01, April 5, 2012. 

 Revised Report, Geotechnical Engineering Services – Stormwater Infiltration, OSD ORLA 
Facility,” Insight Geologic, Inc., Project No. 566‐001‐03, February 27, 2013. 

 Record Drawing, Olympia Regional Learning Academy, LPD Engineering, PLLC, May 18, 
2015. 

 Drainage Report, ORLA, Olympia School District, LPD Engineering, PLLC, August 20, 2013, 
Revised September 9, 2013. 

 
3.1  Summary of Facility Design 
 
From our review of site drainage report and record drawings referenced above, cell ORLA 1‐B has 
about 2,450 square feet of base area and cell ORLA 2‐B has about 2,800 square feet of base area as 
shown on Figure ORLA F3, “Facility and Exploration Plan, ORLA 1‐B,” and Figure ORLA F4, “Facility 
and Exploration Plan, ORLA 2‐B.”  We understand that the cells were sized per the 2009 Drainage 
Design and Erosion Control Manual for City of Olympia, and modeled using WWHM4 based on 
developed condition drainage basins of 0.64 and 0.55 acres, respectively, for cells ORLA 1‐B and 
ORLA 2‐B.  Land uses within the drainage basins consist of roof area, landscaping, and walkways.  
The facility design includes an 18‐inch bioretention soil mix layer and a 12‐inch‐thick layer of drain 
rock overlying native soil, and is designed to infiltrate 99.12 percent of inflow into the subgrade for 
cell ORLA 1‐B, and 99.89 percent of the inflow into the subgrade for cell ORLA 2‐B.  A perforated 
underdrain pipe is present within the drain rock, and is discussed as part of the overflow system, 
below.   
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Inflow to cells ORLA 1‐B and ORLA 2‐B is from roof drains.  If ponding occurs on the bioretention 
soil, the overflow is collected by an area drain in each cell that will directly discharge to the 12‐inch 
drain rock layer beneath the bioretention soil via perforated underdrain for infiltration.  The area 
drain in each cell is set at an elevation 6 inches above the top of the bioretention soil layer to 
ensure that the area drains do not clog and a channel is not created through the bioretention area 
to the drain.  In the case of emergency overflow situations, another overflow outfall pipe is located 
within the area drain above the perforated underdrain that will direct stormwater to a separate 
infiltration trench located in the parking lot south of the bioretention cells.   
 
 
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 
facilities in Figure ORLA F3 and Figure ORLA F4. 
 

 Level Survey:  AESI conducted elevation surveys of the facilities using a Leitz C40 automatic 
level and a stadia rod.  An arbitrary project datum was established for these surveys with, 
for each facility, the top of a nearby concrete lamp post base (indicated on the survey data 
map included in the Appendices) defined as project datum elevation 100 feet.  A separate 
project datum was used for each facility on the ORLA site.  All other elevations measured by 
the surveys are relative to these project datum.  Key level data is summarized in Table 1 and 
Table 2.  Additional data points are included in Appendix D to this document. 
 

Table 1 
Summary of ORLA 1‐B Level Survey Data  

 

Location 
Elevation 

(feet, project datum) 

(S‐1) Crosswalk corner  99.80 

(S‐2) Lamp post base (E end cell ORLA 
1‐B) 

100.00 

(S‐3) Lamp post base (middle of cell)  99.97 

Inlet 1 base of pipe  97.63 

Inlet 2 base of pipe  98.33 

Inlet 3 base of pipe  98.28 

Inlet 4 base of pipe  98.1 

Overflow rim  98.79 

Well point, top of casing  102.05 

Survey points in base of cell  On site plan in Appendix D 
to this document 
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Table 2 
Summary of ORLA 2‐B Level Survey Data 

 

Location 
Elevation 

(feet, project datum) 

(S‐1) Top of cement base of lamp post, 
near cell ORLA 2‐B bridge  

100.00 

(S‐2) Sidewalk next to corner of wall  100.23 

(S‐3) Top of cement base of lamp post, 
near fire hydrant 

100.08 

Inlet 1 base of pipe  98.08 

Inlet 2 base of pipe (approximate)  98.08 

Inlet 3 base of pipe  98.15 

Inlet 4 base of pipe  98.19 

Overflow rim  98.70 

Well point, top of casing  100.14 

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

 
 

 Inflow:  Four inlets to each facility are present, referred to as Inlet 1 through Inlet 4 for each 
facility as indicated on Figures ORLA F3 and ORLA F4.  These consisted of 6‐inch PVC pipes 
surrounded by rounded cobbles, forming an approximately 1‐foot by 1‐foot to 2‐foot by 2‐
foot pad.  No erosion was noted, however heavy vegetation and a variable quantity of leaf 
litter were observed in and below the inlets.  AESI noted that in cell ORLA 2‐B, Inlet 2 was 
buried  in cobbles to 8  inches, and that  Inlet 4 was approximately 80 percent buried  in 
cobbles to 6 inches and landscaping bark. 
 

 Overflow:  Both bioretention cells contain round 12‐inch diameter PVC area drains covered 
with metal beehive‐style overflow grates.  The lip of the grate is approximately 7 inches 
above the base of the facility in cell ORLA 1‐B, and 6 inches above the base of the facility in 
cell ORLA 2‐B.  The vertical 12‐inch PVC pipe beneath this grate has a closed bottom end, 
creating a  sump,  into which  two pipes connect.   One of  these pipes  is  the perforated 
underdrain pipe which extends horizontally through the drain rock layer.  The other pipe is 
the overflow pipe, which discharges to an infiltration trench located south of the cell in the 
parking lot.  The overflow pipe is situated at a higher elevation within the sump than the 
perforated pipe, such that water will not flow into the overflow pipe until it has backed up 
within the perforated pipe and drain rock layer. 
 

 AESI notes that during infiltration testing in cell ORLA 2‐B, water was observed to flow from 
the underdrain pipe  into the overflow grate sump rather than from the overflow grate 
sump into the underdrain, as discussed under “Infiltration Testing.” 
 

 Existing observation wells noted on the plan sheets had total depths of approximately 
2.8 feet (in ORLA 1‐B) and 3 feet (in ORLA 2‐B) and had flush mount monuments which 
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required a 5/16 hex to open, and had PVC caps which required a 2‐inch wrench to remove.  
These observation wells were screened within the drain rock layer.  
 

 AESI  investigated the  loose bioretention soil thickness present  in the bioretention cells 
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 spacing in a line approximately 
down the center of each facility.   The apparent thickness of bioretention soil generally 
ranged from approximately 1 foot to 1.7 feet and averaged 1.3 feet in cell ORLA 1‐B.  In cell 
ORLA 2‐B the apparent thickness of bioretention soil generally ranged from approximately 1 
to 1.6 feet, and AESI noted that in several locations east of the existing pedestrian bridge, 
probe penetration was lower than this range, to a minimum of 0.1 feet.  AESI qualitatively 
interprets these lower probe penetration values in ORLA 2‐B as due to the presence of 
zones of gravel mixed into the bioretention soil mix in the base of the facility.  This gravel 
was generally not visible on the surface.  The average apparent thickness of bioretention in 
cell ORLA 2‐B, excluding measurements interpreted as being anomalously shallow due to 
the presence of gravel within the bioretention soil, is 1.3 feet.  Probe penetration data is 
included in Appendix D to this document.   

 

 ORLA 2‐B:  AESI noted that a buried gas line was present under the western part of the cell, 
as indicated by utility locators.  The approximate location of this gas line is indicated on 
Figure ORLA F4. 

 

 ORLA 2‐B:  AESI noted a worn foot path crosses the base of the eastern portion of the cell.  
Gravel was present on the base of the cell in the vicinity of this foot path. 
 

 ORLA  2‐B:    AESI was  unable  to  locate  the  easternmost  cleanout  for  the  perforated 
underdrain pipe; it may be buried under landscaping bark and vegetation.  

 
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. 
 

 Site‐specific documents cited previously under “Project and Site Description.” 

 Logan, R.L. et al., Geologic Map of the Lacey 7.5 Minute Quadrangle, Thurston County, 
Washington, Washington Division of Geology and Earth Resources Open File Report 2003—
9, 2003, scale 1:24,000. 

 Soil Survey of Thurston County, Washington, United States Department of Agriculture, 
Natural Resource Conservation Service (NRCS), 1990. 

 Natural Resources Conservation Service, Web Soil Survey, United States Department of 
Agriculture, http://websoilsurvey.nrcs.usda.gov/, accessed September 2016. 
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 Drost, B.W. et al., Hydrology and Quality of Ground Water in Northern Thurston County, 
Washington, United  States Geological  Survey, Water‐Resources  Investigations  Report 
92‐4109 [Revised], 1998. 

 
5.1  Regional Topography and Project Grading 
 
The project site is situated on an upland with elevations generally ranging from 160 to 200 feet as 
shown on Figure ORLA F2, “LiDAR‐Based Topography.”   Glacial meltwater scoured the upland 
surface and created level outwash terrain surfaces.  Indian Creek, a modern stream, has incised the 
outwash terrain north and northeast of the site about 30 to 40 feet, creating relatively steep slopes 
within about 500 feet west of the bioretention cells.   
 
On a closer scale, the site is relatively level, situated on an outwash terrace at about elevation 
185 feet to 190 feet.  The northeastern portion of the site slopes downward to the northeast and 
off‐site properties by approximately 20 feet, with a slopes on the order of 20 percent.   
 
The project site was previously developed as McKinley Elementary School which was demolished in 
1991.  Since then and prior to the current construction of ORLA, the site was used as a playfield 
with a  small developed area  in  the north‐central portion of  the  site.   The  site  topography  is 
relatively flat with a gradual slope from northwest to southeast with an overall grade change of 
8 feet.   
 
Minor cutting (about 2 to 4 feet in ORLA 1‐B and about 2 feet in ORLA 2‐B) 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 Data 
 
According to the Geologic Map of the Lacey 7.5 Minute Quadrangle, Thurston County, Washington, 
the site vicinity is underlain by Vashon recessional outwash described as latest Vashon recessional 
sand and minor silt (map unit Qgos), described below. 
 

 Vashon recessional sand and minor silt (Qgos):  This material is described as moderately 
well sorted fine to medium sand with minor silt; non‐cohesive and highly permeable.  This 
material was deposited during the retreat of the most recent glaciation period in Puget 
Sound and is not glacially consolidated.   

 
The project geotechnical reports (Insight Geologic, Inc., 2012 and 2013) included several rounds of 
explorations on the site.  These explorations generally encountered loose to medium dense sand 
with variable silt content underlain by a medium stiff to very stiff sandy silt perching layer at depths 
of about 14 to 23 feet.  Insight Geologic, Inc. interpreted the upper sand as recessional outwash, 
which is consistent with the geologic mapping in the area.  Shallow fill soils were encountered in 
some explorations, to depths of up to 4 feet. 
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5.3  Regional Soils and Soil Data Used in Site Stormwater Model 
 
AESI reviewed the Soil Survey of Thurston County, Washington (Natural Resources Conservation 
Service [NRCS], 1990) 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 primarily of Cagey loamy sand with a small area of Yelm 
fine sandy loam located northeast of the bioretention cells.  Both Cagey and Yelm soils are typically 
situated on terraces and formed from the weathering of glacial outwash.   NRCS describes the 
permeability as rapid (6 to 20 inches per hour [in/hr]) in Cagey loamy sand and moderately rapid 
(2 to 6 in/hr) in Yelm fine sandy loam (NRCS, 1990).   
 
As described in the LPD 2003 Drainage Report, the pre‐developed condition was modeled as Type C 
soils.  This is not consistent with mapped soil and background geotechnical data, which indicates 
that the site is underlain by Type A soils. 
 
5.4  Regional Hydrogeology and Background Ground Water Data 
 
Regional hydrogeology is described in Hydrology and Quality of Ground Water in Northern Thurston 
County, Washington (Drost et al., 1998).  Drost et al. (1998) indicates that recessional outwash and 
end moraine  deposits  can  be  an  aquifer where  saturated,  and  that  perched  ground water 
conditions can occur locally within these units.  This unit typically overlies Vashon lodgement till, 
which is described by Drost et al (1998) as typically a confining bed. 
 
On a closer scale, the site is within two threshold discharge areas of the Thurston County sub‐basin 
“I‐2” of the Indian‐Moxley Creek Basin.  As described in the Drainage Report (LPD, 2013), both of 
these sub‐basins discharge ultimately to Indian Creek.  Limited background ground water level data 
was collected at three on‐site monitoring wells; ground water ranged from approximately 24 to 
28 feet below ground surface in March, 2012 (Insight Geologic, Inc., 2012).  However, these wells 
were completed at depths below the perching layer (present at about 14 to 23 feet below ground 
surface).   Ground water  is  expected  to  perch  at  this  shallower  depth  under  the  developed 
conditions due to stormwater  infiltration from the bioretention cells and other site infiltration 
features.  
 
 
6.0  BIORETENTION CELL SUBSURFACE EXPLORATION AND WELL POINT INSTALLATION 
 
Limited  information on subsurface conditions was obtained from hand‐auger samples and soil 
probe penetration measurements at about 2‐foot increments in each hand‐augered borehole.  In 
each bioretention cell, one hand‐auger boring was performed in the facility bottom and advanced 
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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, or completed as a well point and 
the bioretention soil replaced. 
 
The various  types of sediments, as well as  the depths where characteristics of  the sediments 
changed, are indicated on the exploration logs presented in Appendix 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 the “Facility and Exploration Plan,” Figure ORLA F3 and Figure ORLA F4.  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 in Cell ORLA 1‐B 
 
Hand‐auger borings in cell ORLA 1‐B were completed on July 26 and August 25, 2016.  No rain was 
noted during these site visits, and no flow was observed from the inlet pipes. 
 
Hand‐auger boring number 1 and 2 (ORLA1‐B‐HA‐1 and ORLA1‐B‐HA‐2) encountered 2 feet, and 1.6 
feet, respectively, of bioretention soil, overlying drain rock.  Hand‐auger boring number 4 (ORLA1‐
B‐HA‐4) was completed immediately adjacent to ORLA1‐B‐HA‐2, and was completed to obtain an 
additional bioretention soil sample for laboratory testing.  No seepage or caving was observed. 
 
Hand‐auger boring number 3 (ORLA1‐B‐HA‐3) was completed on the west end of the cell, near the 
overflow, and encountered approximately 1.6 feet of bioretention soil, overlying 0.4 feet of drain 
rock.  Beneath the drain rock layer, we encountered sand interpreted as native Vashon recessional 
outwash.  The borehole encountered refusal due to caving from the drain rock layer at a total 
depth of 3 feet.  No seepage was observed.  AESI installed a well point in this location. 
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6.2  Hand‐Auger Borings in Cell ORLA 2‐B 
 
Hand‐auger borings in cell ORLA 2‐B were completed on August 25, 2016.  No rain or inflow of 
water to the facility was observed on this day. 
 
Hand‐auger boring number 1 (ORLA2‐B‐HA‐1) was completed near the center of the facility, and 
encountered approximately 1.9 feet of bioretention soil, overlying 0.6 feet of drain rock.  Below the 
drain rock, we encountered sand interpreted as Vashon recessional outwash, and minor oxidation 
was observed.  The exploration reached refusal on a large gravel/cobble at 3.1 feet.  No seepage or 
caving was observed.  AESI installed a well point in this location. 
 
Hand‐auger boring number 2 and 3 (ORLA2‐B‐HA‐2 and ORLA2‐B‐HA‐3) encountered 1.1 feet and 
1.4 feet, respectively, of bioretention soil overlying drain rock.  No seepage or caving was observed. 
 
6.3  Well Points 
 
Well points were installed in ORLA1‐B‐HA‐1 in cell ORLA1‐B, and ORLA2‐B‐HA‐1 in cell ORLA2‐B.  
Key dimensions of these well points are provided in Table 3, below. 
 

Table 3 
Summary of ORLA 1‐B and ORLA 2‐B  

Well Point Dimensions 
 

Well Point 

Exploration in 
which Well 
Point was 
installed 

Total Length 
of Casing 
(feet)  Interior Diameter  

Stickup Height 
(feet)

Total Depth Inside 
Casing Below 
Ground Surface

ORLA1‐B‐WP  ORLA1‐HA‐1  7.2  1.25 inch nominal  3.6  3.6 

ORLA2‐B‐WP  ORLA2‐HA‐3  8.3  1.25 inch nominal  2  6.3 

 
 
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 for each cell 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  the 
subgrade from each cell was tested for grain‐size distribution.  The data is summarized in Table 4.   
 
7.1  Bioretention Soil Mix 
 
We compared the average organic content and burned fraction gradation against the general 
guidelines for the bioretention soil mix (Table 5).   
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The organic content of the tested bioretention soils ranged between 4.1 to 7.3 percent by weight.  
The  recommended  range of organic content by weight  is 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.  The respective fines content as measured on 
the No. 200 sieve ranged from about 0.5 to 4.1 percent.  The recommended range of fines is 2 to 5 
percent.  The  coefficient  of  uniformity  ranged  from  2.9  to  3.9,  consistently  less  than  the 
recommended value of equal to or greater than 4. The coefficient of curvature ranged from 1 to 
1.8, consistent with the recommended range of greater than or equal to 1 and less than or equal 
to 3. 

Table 4 
Summary of ORLA 1‐B and ORLA 2‐B 
Organic Content and Grain‐Size Data 

 

Exploration 
Number 

Depth 
(feet)  Soil Type 

Organic 
Content 
(% by 
weight) 

USCS Soil 
Description 

Fines 
Content (% 
passing 
#200)  Cu  Cc 

USDA Soil 
Texture* 

ORLA 1B HA1  0.4‐0.8  Bioretention Soil  7.3  SAND  1.8  3.3  1.5  SAND 

ORLA 1B HA4  0‐0.5  Bioretention Soil  5.1  SAND  3.2  3.9  1.8  SAND 

ORLA 2B HA1  0.6‐0.9  Bioretention Soil  4.0 
Gravelly 
SAND 

2.8  3.6  1.0  SAND 

ORLA 2B HA2  0.1‐0.7  Bioretention Soil  3.1  SAND  0.5  2.9  1.3  SAND 

ORLA 2B HA3  0.7‐1.1  Bioretention Soil  5.6  SAND  4.1  3.6  1.2  SAND 

ORLA 2B HA1  2.5‐2.9 
Recessional 
Outwash 

Not 
Tested 

Silty SAND  17.4     
Loamy Sand to 
Sandy Loam 

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. 

 
Table 5 

General Guidelines for Bioretention Soil Mix (2014 Ecology Manual)  
Compared to Averaged ORLA 1‐B and ORLA 2‐B Site Data 

 
Parameter  Recommended Range  ORLA 1‐B   ORLA 2‐B  

Organic Content (by weight)  5 to 8 percent  6.2 percent by weight  4.2 percent by weight 

Cu coefficient of uniformity  4 or greater  3.6  1.7 

Cc coefficient of curvature  1 to 3  3.4  1.1 

Sieve Size    Percent Passing   

   3/8” (9.51 mm)  100  99.8  96.8 

   #4 (4.76 mm)  95 to 100  98.5  91.9 

   #10 (2.0 mm)  75 to 90  94.6  87.7 

   #40 (0.42 mm)  25 to 40  23.1  39.8 

   #100 (0.15 mm)  4 to 10  6.5  7.7 

   #200 (0.074 mm)  2 to 5  2.5  2.5 

Note:  The general guidelines for mineral aggregate gradation are from Table 7.4.1 of the 2014 Ecology Manual. 
mm:  millimeter 
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7.2  Subgrade 
 
In ORLA 2‐B, a sample of native recessional outwash was sieved.  The tested material correlates to 
a silty SAND, trace gravel with 17 percent by weight of the material passing the No. 200 sieve.   
 
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 18 percent for the native recessional 
outwash material. 
 
 
8.0  INFILTRATION TESTING 
 
The infiltration tests were conducted in general accordance with the 2014Ecology 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.  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 the test area with 
fire hoses.  During infiltration testing, the water was conveyed into the bioretention cell via a digital 
flow meter with gpm and total gallon readouts, and discharged through a flow diffuser onto the 
base of the facilities.  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, 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. 
 
Infiltration tests in each bioretention cell are discussed below, and results are presented in Table 6. 
Infiltration test data is included in Appendix D to this document. 
 
8.1  Infiltration Test in Cell ORLA 1‐B 
 
AESI performed infiltration testing of cell ORLA 1‐B on August 30, 2016.  No rainfall was noted 
during testing, and no flow from the inflow pipes was present.  A staff gauge (SG‐1) was installed at 
the well point prior to testing and a second staff gauge (SG‐2) was installed near the inflow to the 
facility during testing.  Water levels were measured by hand and by data logger in the well point 
and the wetted pool.  The overflow structure (SD‐31) was observed periodically during testing.  No 
water was present in the well point or pooled in the cell prior to the start of testing. 
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During this test, both the soaking period and the constant head period consisted of the maximum 
possible flow from the on‐site fire hydrant.  Flow was maintained at approximately 190 gpm for 
approximately 7 hours, during which approximately 80,000 gallons of water were used.   The 
discharge flow diffuser was placed on the eastern end of the facility, nearest to the fire hydrant, in 
order to limit head loss through the firehose and maximize flow rate.  As the test began, water was 
observed to pool up to approximately 0.3 feet deep on the eastern end of the facility and then flow 
west, with intermittent minor damming occurring against accumulated leaf litter and plant debris.  
The wetted area in the facility began to stabilize once approximately 110 linear feet of the facility 
base (measured from the east end) was wetted.  The staff gauge near the well point was never 
wetted during testing, and no water was observed in the well point.  Over the course of the last 2 
hours of testing, the ponded water level in the facility was relatively stable at 0.51 to 0.52 feet, as 
measured at staff gauge SG‐2.   During testing, AESI monitored the end of the perforated pipe 
visible in the sump beneath the beehive grate overflow structure.  Stagnant water was present in 
the sump prior  to  the start of  the  test.   No  flow was observed  from pipe  into  the sump, and 
stagnant water level within the sump remained constant throughout the test.   
 
After 7 hours, AESI shut off the flow and monitored water level as it fell.  AESI observed a drop in 
water  level of approximately 0.44  feet during approximately 14 minutes.   The well point was 
monitored overnight with a pressure transducer; the well point remained dry.   
 

Table 6 
ORLA 1‐B and ORLA 2‐B 
Infiltration Test Results 

 

 
Wetted Surface 
Area (square 

feet) 

Discharge 
Time 

(minutes) 

Total 
Volume 

Discharged 
(gallons) 

Approximate 
Constant 
Head Level 

(feet) 

Field Infiltration Rates 

Test No. 
and Depth 

Constant Head 
Test (in/hr) 

Falling Head 
Test (in/hr) 

ORLA1‐B 
bioretention 

soil 

710  425  80,164  0.52  25  23 

ORLA 1‐B 
subgrade 

Interpreted to 
be similar to 
wetted area 

     

Assumed to be similar to the 
bioretention soil rate as no flow 

was observed out of the 
underdrain 

ORLA2‐B 
subgrade 

~1,900 surface 
pool; 

~2,800 (wetted 
drain rock layer 

area) 

474  43,071  0.40  ~4 to 7 
Actual pooled 
area unknown 

~7 

in/hr: inches per hour 

 
 
8.2  Infiltration Test in Cell ORLA 2‐B 
 
AESI  performed  infiltration  testing  of  cell ORLA  2‐B  on August  31,  2016.    Some  rainfall  and 
subsequent inflow from the inlets to the facility was noted initially during testing, but no inflow 
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from the inlets was observed during the final 2 hours of testing.  A staff gauge (SG‐1) was installed 
at  the well point prior  to  testing,  and  a  second  staff  gauge  (SG‐2) was  installed next  to  the 
infiltration test inflow to the facility during testing.  Water levels were measured by hand and by 
data logger in the well point and the wetted pool.  The overflow structure (SD‐21) and underdrain 
cleanout ports were observed periodically during testing.  No water was present in the well point 
or pooled in the cell prior to the start of testing. 
 
During this test, flow was  initially maintained at 130 to 190 gpm.   Inflow to the facility for the 
infiltration test was directed, through a diffuser, on the gravel of the walking path which crosses 
the east side of the facility, noted on Figure ORLA F4.  After approximately 1 hour, AESI noted that 
water was flowing from the underdrain pipe into SD‐21 (the overflow area drain).  AESI interpreted 
this to indicate that the native subgrade was draining slower than the bioretention soil, causing 
water  to  pool within  the  drain  rock  layer,  above  the  native material.   Water within  SD‐21 
approached but did not reach the discharge pipe inlet (discharges overflow from the sump to the 
infiltration trenches to the south).  AESI briefly stopped inflow to the facility and monitored the 
rate of water level drop within SD‐21.  AESI then resumed inflow to the facility at approximately 
84 gpm.  At this flow rate, after several hours, water had pooled at SG‐1 and SG‐2, and the pool of 
water extended across about two‐thirds of the cell base.  However, we had observed water within 
underdrain cleanout at the western edge of the cell, beyond the surface wetted pool area.  This 
indicates that water spread out  in the drain rock  layer.   Over the course of the  last 2 hours of 
testing, the ponded surface water level was stable, and was measured at staff gauge SG‐1 at 0.21 to 
0.22 feet and SG‐2 at 0.40 feet.  The full duration of flow was approximately 8 hours, during which 
approximately 43,000 gallons of water were used.   
 
After about 8 hours, AESI shut off the flow and monitored water level as it fell.  AESI observed a 
drop in water levels of approximately 0.40 feet during approximately 40 minutes of hand readings. 
Water level in the well point was monitored, but no appreciable change was observed beyond 
trapped water in the end cap. 
 
 
9.0  FINDINGS AND CONCLUSIONS  
 
Cells ORLA 1‐B and ORLA 2‐B varied somewhat from the design shown on the civil plan sheets.  
Variations included the following: 
 

 Bioretention soil  
 

o Thickness:  Both cells contained areas where the bioretention soil was less than the 
planned 1.5 feet in thickness. 
 

o Composition:  The soil tested in ORLA 2‐B did not meet (contained less than) the 
recommended guidelines  for organic content.   The soil tested  in ORLA 1‐B was 
within the recommended range for organic content.  The soil tested from both cells 
has higher gravel content than the recommended range.  The soil tested from ORLA 
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2‐B had higher coarse sand content than the recommended range.  Based on our 
observations with a geotechnical T‐probe, some higher gravel content was present 
within the bioretention soil in some locations. 

 

 A foot path was present, crossing cell ORLA 2‐B toward the east end.  Gravel was in place 
across the base of the facility in this location, and it had been compacted into the surface of 
the bioretention soil.  The foot path did not create a dam within the cell during infiltration 
testing. 
 

 The  subgrade  conditions  encountered  were  somewhat  finer‐grained  than  what  was 
described  as  recessional  outwash  in  the  geotechnical  report  for  the  project  (Insight 
Geologic, Inc., 2012).  The native subgrade contained about 17 percent fines where sampled 
under cell ORLA 2‐B compared to typically 2 to 8 percent fines reported in the geotechnical 
report. 
 

 Review of existing and developed topography indicates that cuts of about 2 to 4 feet were 
necessary to achieve bioretention cell subgrade.  This is important to note because topsoil 
and fill were present across the site, encountered at depths of up to 4 feet.   Fill soil  is 
present in the vicinity of the buried gas line under cell ORLA 2‐B.  The extent of this fill soil is 
expected to be limited to a minor portion of the overall area of the facility, but its actual 
extent is unknown.  Oxidation was observed in the native material underlying cell ORLA 2‐B 
in ORLA2‐B‐HA‐1, and was not observed in the native material underlying cell ORLA 1‐B in 
ORLA1‐B‐HA‐3.  Oxidation is common in the upper weathered horizon of soils. 
 

 Field infiltration rates were measured at about 25 in/hr (ORLA 1‐B) and 4 in/hr (ORLA 2‐B).  
The  infiltration  rates  were  substantially  lower  in  ORLA  2‐B.  Additional  subsurface 
exploration would be necessary to determine if the lower infiltration rate is due to soil 
variability. 
 

 In both infiltration tests, water readily soaked through the bioretention soil mix.  In ORLA 1‐
B, no ponded within  the underdrain was observed.   The native  soil  infiltration  rate  is 
interpreted  to be similar  to  that of  the bioretention soil.    In ORLA 2‐B,  the water was 
interpreted  to accumulate on  the underlying subgrade as  indicated by  the water  level 
response within the underdrain.  The data indicate that for ORLA 2‐B, the native subgrade 
has a lower permeability than the overlying bioretention soil. 

 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. 
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Project Civil Plans 
 













 

 

 
 
 
 
 
 

APPENDIX B 
 

Current Study Exploration Logs and 
Laboratory Testing Data 
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Cell ORLA1‐B and ORLA2‐B 

Exploration Latitude and Longitude 

Exploration  Latitude  Longitude 

ORLA1‐B‐HA‐1  47.03693  ‐122.86800 

ORLA1‐B‐HA‐2  47.03693  ‐122.86800 

ORLA1‐B‐HA‐3  47.03698  ‐122.86871 

ORLA1‐B‐HA‐4  47.03695  ‐122.86800 

ORLA2‐B‐HA‐1  47.03691  ‐122.86722 

ORLA2‐B‐HA‐2  47.03692  ‐122.86758 

ORLA2‐B‐HA‐3  ‐47.03693  ‐122.86670 

 



Bioretention Soil Mix

Surface:  sand, leaf litter, vegetation

Loose, slightly moist, light brown, SAND, trace silt; becomes brown with
depth; organics present; mostly medium sand (~71 percent) (SP).

Drain Rock
Loose rounded gravel (~1 inch diameter) (GP).

Bottom of exploration boring at 2.1 feet
Refusal on gravel.  No seepage.  No caving.
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Bioretention Soil Mix

Surface:  sand, leaf litter, vegetation

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

Bottom of exploration boring at 1.4 feet
Refusal on rounded gravel (~1 inch diameter).  No seepage.  No caving.
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Bioretention Soil Mix

Surface:  sand, leaf litter, vegetation

Loose, slightly moist, light brown, SAND, trace silt; organics present;
mostly medium sand (~71 percent) (SP).

Drain Rock

Loose rounded gravel (~1 inch diameter) (GP).

Vashon Recessional Outwash

Medium dense, slightly moist, light brown, silty SAND; mostly fine sand
(SM).

Above ground stick up -3.6
feet
Threaded PVC cap
Bioretention soil mix 0 to 0.1
foot
Bentonite chips  0.1 to 0.5
foot

Threaded steel pipe  -3.6 to
0.7 feet

Medium sand 0.5 to 3 feet

Stainless steel jacket over
stainless steel #60 gauze
welded to perforated steel
pipe 0.7 to 3.2 feet

Native soils 3 to 3.9 feet

Threaded steel pipe, 1 1/4
inch ID and end cap 3.2 to
3.6 feet

Solid drive point 3.6 to 3.9
feet

Boring terminated at 3 feet.
Well completed at 3.9 feet on 7/26/16.
Refusal at 3 feet due to heavy caving from layer of drain rock.  No
seepage.

Well Number

N/A

Project Name
Elevation (Top of Well Casing)
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JHSApproved by:

Grab Sample

3" OD Split Spoon Sampler (D & M)

-ORLA-1-B-HA-3/WP
Location

1 of 1

7/26/16,7/26/16

Thurston County, WA

Sampler Type (ST):
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Logged by:

Bioretention Hydrologic Performance Study
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Bioretention Soil Mix

Surface:  dry grass, sand

Loose, slightly moist, brown, SAND, trace silt; organics present; mostly
medium sand (~72 percent) (SP).

Bottom of exploration boring at 0.5 feet
No seepage.  No caving.

1 of 1
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Grab Sample

8/25/16,8/25/16

Logged by:

Shelby Tube Sample

N/A

Ring Sample

No Recovery

Water Level at time of drilling (ATD)

Bioretention Hydrologic Performance Study

Project Number

20

Thurston County, WA
Date Start/Finish
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Bioretention Soil Mix

Surface:  leaf litter, sand

Loose, slightly moist, brown, gravelly (0.5 to 1 inch, rounded) SAND,
trace silt; organics present; mostly fine sand (~50 percent) (SP).

Drain Rock

Loose rounded gravel (~0.5 to 1 inch diameter); some sandy intervals
(GP).

Vashon Recessional Outwash

Medium dense, slightly moist, brown, silty SAND, trace gravel;
oxidation visible; mostly fine sand (~51 percent) (SM).

Above ground stick up -2.0
feet
Threaded PVC cap
Bioretention soil mix 0 to 1.8
foot

Threaded steel pipe  -2.0 to
3.6 feet

Drain rock 1.8 to 2 feet

Bentonite chips  2.0 to 2.3
feet

Medium sand 2.3 to 3.1 feet

Native soils 3.1 to 6.6 feet

Boring terminated at 3.1 feet.
Well completed at 6.6 feet on 8/25/16.
Refusal on cobble.  No seepage.  Moderate caving of drain rock.

Well Number

N/A

Project Name
Elevation (Top of Well Casing)
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JHSApproved by:

Grab Sample

3" OD Split Spoon Sampler (D & M)

-ORLA2-B-HA-1/WP
Location

1 of 2

8/25/16,8/25/16

Thurston County, WA

Sampler Type (ST):
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Logged by:

Bioretention Hydrologic Performance Study

Shelby Tube Sample

Drilling/Equipment

Water Level ()

Water Level at time of drilling (ATD)

KH150387A

Water Level Elevation
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T

Surface Elevation (ft)

Project Number

Date Start/Finish

Hammer Weight/Drop
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DESCRIPTION

2" OD Split Spoon Sampler (SPT) No Recovery
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Stainless steel jacket over
stainless steel #60 gauze
welded to perforated steel
pipe 3.6 to 5.9 feet

Threaded steel pipe, 1 1/4
inch ID and end cap 5.9 to
6.3 feet

Solid drive point 6.3 to 6.6
feet

Well Number

N/A

Project Name
Elevation (Top of Well Casing)
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el

JHSApproved by:

Grab Sample

3" OD Split Spoon Sampler (D & M)

-ORLA2-B-HA-1/WP
Location

2 of 2

8/25/16,8/25/16

Thurston County, WA

Sampler Type (ST):
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Logged by:

Bioretention Hydrologic Performance Study

Shelby Tube Sample

Drilling/Equipment

Water Level ()

Water Level at time of drilling (ATD)

KH150387A

Water Level Elevation

M  -  Moisture

S
T

Surface Elevation (ft)

Project Number

Date Start/Finish

Hammer Weight/Drop
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DESCRIPTION

2" OD Split Spoon Sampler (SPT) No Recovery

Geologic & Monitoring Well Construction Log
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Bioretention Soil Mix

Surface:  bare sand

Loose, slightly moist, brown, SAND, trace silt; organics present; mostly
medium sand (~85 percent) (SP).

Drain Rock
Loose rounded gravel (~0.5 to 1 inch diameter) (GP).

Bottom of exploration boring at 1.2 feet
No seepage.  No caving.
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Grab Sample

8/25/16,8/25/16

Logged by:

Shelby Tube Sample

N/A

Ring Sample

No Recovery

Water Level at time of drilling (ATD)

Bioretention Hydrologic Performance Study

Project Number

20

Thurston County, WA
Date Start/Finish
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Bioretention Soil Mix

Surface:  dry grass, sand

Loose, slightly moist, brown, SAND, trace silt; organics present; mostly fine
to medium sand (SP).

Drain Rock
Loose rounded gravel (~0.5 to 1 inch diameter) (GP).

Bottom of exploration boring at 1.5 feet
No seepage.  No caving.

1 of 1
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KH150387A

M - Moisture
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Hole Diameter (in)
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8/25/16,8/25/16

Logged by:

Shelby Tube Sample
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No Recovery

Water Level at time of drilling (ATD)

Bioretention Hydrologic Performance Study
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Date Start/Finish

Hammer Weight/Drop

Sampler Type (ST):

Exploration Log
A

E
S

IB
O

R
  1

50
38

7
O

R
LA

.G
P

J 
 O

ct
ob

er
 2

4,
 2

01
6



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

Date Sampled Project Project No. Soil Description
7/26/2016 BHPS KH150387A
Tested By Location EB/EP No. Depth Bioretention soil mix
MS ORLA1-B ORLA1-B

Moisture Content ORLA1-B Moisture Content ORLA1-B
Sample ID HA1 0.4-0.8 Sample ID HA4 0-0.5 
Wet Weight + Pan 620.22 Wet Weight + Pan 956.41
Dry Weight + Pan 585.48 Dry Weight + Pan 901.14
Weight of Pan 291.69 Weight of Pan 273.49
Weight of Moisture 34.74 Weight of Moisture 55.27
Dry Weight of Soil 293.79 Dry Weight of Soil 627.65
% Moisture 11.8 % Moisture 8.8

Organic Matter and Ash Content Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 690.06 Dry Soil Befor Burn + Pan 976.33
Dry Soil After Burn + Pan 668.21 Dry Soil After Burn + Pan 944.08
Weight of Pan 392.15 Weight of Pan 348.78
Wt. Loss Due to Ignition 21.85 Wt. Loss Due to Ignition 32.25
Actual Wt. Of Soil After Burn 276.06 Actual Wt. Of Soil After Burn 595.30
% Organics 7.3 % Organics 5.1

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



Depth (ft)

0.4‐0.8

D10 (mm)

0.202

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 2.7 1.0 99.0

#8 2.38 9.2 3.3 96.7

#10 2 12.1 4.4 95.6

#20 0.85 59.7 21.6 78.4

#40 0.42 208.8 75.6 24.4

#60 0.25 239.3 86.6 13.4

#100 0.149 261.9 94.8 5.2

#200 0.074 271.3 98.2 1.8

#270 0.053 274.5 99.4 0.6

BHPS

Date Tested

9/1/2016

Total Sample Dry Wt. (g)

276.2

Reference Specification

Bioretention soil mix: burned sample

Sample Source

Onsite

Soil Description

SAND, trace silt, trace gravel (SP)

0

Moisture Content (%)

Sample No.

ORLA1‐B HA1

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

KH150387A 7/26/2016 MS

4 3 2 1.5 1 3/4 1/2 3/8 3.5 4 6 8 10 14 16 20 30 40 50 60 100 140 200 270 400 500 635

0

10

20

30

40

50

60

70

80

90

100

0.010.1110100

P
e
rc
e
n
t 
P
as
si
n
g 
b
y 
W
e
ig
h
t

Diameter (mm) ORLA1-B HA1 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer
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Depth (ft)

0‐0.5

D10 (mm)

0.176

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 2.0 0.3 99.7 #N/A #N/A

#4 4.76 11.9 2.0 98.0 #N/A #N/A

#8 2.38 31.7 5.3 94.7 #N/A #N/A

#10 2 38.4 6.5 93.5 #N/A #N/A

#20 0.85 135.7 22.8 77.2 #N/A #N/A

#40 0.42 466.2 78.3 21.7 #N/A #N/A

#60 0.25 507.8 85.3 14.7 #N/A #N/A

#100 0.149 549.4 92.3 7.7 #N/A #N/A

#200 0.074 576.0 96.8 3.2 #N/A #N/A

#270 0.053 586.0 98.4 1.6 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By

Sample Source Sample No. Soil Description

BHPS KH150387A 8/25/2016 9/1/2016 MS

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Onsite ORLA1‐B HA4 SAND, trace silt, trace gravel (SP)

595.4 0 Bioretention soil mix: burned sample

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.
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Diameter (mm) ORLA1-B HA4 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



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

Date Sampled Project Project No. Soil Description
8/25/2016 BHPS KH150387A
Tested By Location EB/EP No. Depth Bioretention soil mix
MS ORLA2-B ORLA2-B

Moisture Content ORLA2-B Moisture Content ORLA2-B
Sample ID CA HA1  0.6-0.9 Sample ID HA2  0.1-0.7
Wet Weight + Pan 905.09 Wet Weight + Pan 968.78
Dry Weight + Pan 818.24 Dry Weight + Pan 916.30
Weight of Pan 272.57 Weight of Pan 299.12
Weight of Moisture 86.85 Weight of Moisture 52.48
Dry Weight of Soil 545.67 Dry Weight of Soil 617.18
% Moisture 15.9 % Moisture 8.5

Organic Matter and Ash Content Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 894.21 Dry Soil Befor Burn + Pan 975.14
Dry Soil After Burn + Pan 872.54 Dry Soil After Burn + Pan 956.17
Weight of Pan 348.71 Weight of Pan 358.16
Wt. Loss Due to Ignition 21.67 Wt. Loss Due to Ignition 18.97
Actual Wt. Of Soil After Burn 523.83 Actual Wt. Of Soil After Burn 598.01
% Organics 4.0 % Organics 3.1

Moisture Content ORLA2-B
Sample ID HA3 0.7-1.1
Wet Weight + Pan 890.82
Dry Weight + Pan 838.41
Weight of Pan 292.12
Weight of Moisture 52.41
Dry Weight of Soil 546.29
% Moisture 9.6

Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 938.33
Dry Soil After Burn + Pan 907.62
Weight of Pan 392.18
Wt. Loss Due to Ignition 30.71
Actual Wt. Of Soil After Burn 515.44
% Organics 5.6

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



Depth (ft)

2.5‐2.9

D10 (mm)

<0.01

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 17.5 3.9 96.1

#4 4.76 21.8 4.9 95.1

#8 2.38 31.3 7.0 93.0

#10 2 33.8 7.5 92.5

#20 0.85 43.5 9.7 90.3

#40 0.42 142.7 31.8 68.2

#60 0.25 250.9 56.0 44.0

#100 0.149 335.6 74.9 25.1

#200 0.074 370.4 82.6 17.4

#270 0.053 372.5 83.1 16.9

KH150387A 8/25/2016 GS

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

BHPS

Date Tested

9/15/2016

Total Sample Dry Wt. (g)

448.3

Reference Specification

Not applicable: native material

Sample Source

Onsite 

Soil Description

silty SAND, trace gravel (SM)

13

Moisture Content (%)

Sample No.

ORLA2‐B  HA1
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Diameter (mm) ORLA2-B  HA1 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

0.6‐0.9

D10 (mm)

0.151

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 44.8 8.5 91.5

#4 4.76 97.7 18.7 81.3

#8 2.38 103.5 19.8 80.2

#10 2 110.8 21.2 78.8

#20 0.85 143.1 27.3 72.7

#40 0.42 247.5 47.3 52.7

#60 0.25 399.3 76.2 23.8

#100 0.149 473.3 90.4 9.6

#200 0.074 509.1 97.2 2.8

#270 0.053 516.8 98.7 1.3

KH150387A 8/25/2016 GS

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

BHPS

Date Tested

9/15/2016

Total Sample Dry Wt. (g)

523.7

Reference Specification

Bioretention soil mix: burned sample

Sample Source

Onsite 

Soil Description

gravelly SAND, trace silt (SP)

0

Moisture Content (%)

Sample No.

ORLA2‐B  HA1
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Diameter (mm) ORLA2-B  HA1 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

0.1‐0.7

D10 (mm)

0.437

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 1.4 0.3 99.7 #N/A #N/A

#4 4.76 12.0 2.3 97.7 #N/A #N/A

#8 2.38 27.8 5.4 94.6 #N/A #N/A

#10 2 32.9 6.4 93.6 #N/A #N/A

#20 0.85 358.0 69.4 30.6 #N/A #N/A

#40 0.42 470.6 91.3 8.7 #N/A #N/A

#60 0.25 488.5 94.8 5.2 #N/A #N/A

#100 0.149 507.9 98.5 1.5 #N/A #N/A

#200 0.074 512.7 99.5 0.5 #N/A #N/A

#270 0.053 513.2 99.6 0.4 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

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

Everett Office | 2911 ½ 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
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Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

515.5 0 Bioretention soil mix: burned sample

Onsite ORLA2‐B HA2 SAND, trace silt, trace gravel (SP)

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Sample Source Sample No. Soil Description

BHPS KH150387A 8/25/2016 9/15/2016

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By
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Diameter (mm) ORLA2-B HA2 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

0.7‐1.1

D10 (mm)

0.124

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 5.3 0.9 99.1 #N/A #N/A

#4 4.76 19.1 3.2 96.8 #N/A #N/A

#8 2.38 48.6 8.1 91.9 #N/A #N/A

#10 2 56.6 9.5 90.5 #N/A #N/A

#20 0.85 101.4 17.0 83.0 #N/A #N/A

#40 0.42 251.8 42.1 57.9 #N/A #N/A

#60 0.25 424.8 71.0 29.0 #N/A #N/A

#100 0.149 526.1 88.0 12.0 #N/A #N/A

#200 0.074 573.5 95.9 4.1 #N/A #N/A

#270 0.053 585.8 98.0 2.0 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

598.0 0 Bioretention soil mix: burned sample

Onsite ORLA2‐B HA3 SAND, trace silt, trace gravel (SP)

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Sample Source Sample No. Soil Description

BHPS KH150387A 8/25/2016 9/15/2016 GS

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By
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Diameter (mm) ORLA2-B HA3 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



 

 

 
 
 
 
 
 

APPENDIX C 
 

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

and Laboratory Testing Data) 
 





ATTACHMENT A 
EXPLORATION LOGS 



























ATTACHMENT B 
LABORATORY TEST RESULTS 



Job Name: OSD ORLA Facility Sample Name: B-1 10'-16'
Job Number: 566-001-03 Sample #: B-1 10'-16'
Date Tested: 1/17/13 Depth: 10'-16'

Tested By: Kevin Vandehey

8.7%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 0.2
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 100.0 Coarse Sand 0.1
No. 4 (4.75-mm) 99.8 Medium Sand 2.9
No. 10 (2.00-mm) 99.7 Fine Sand 90.4
No. 20 (.850-mm) 99.5
No. 40 (.425-mm) 96.8 Fines 6.4
No. 60 (.250-mm) 53.0 Total 100.0
No. 100 (.150-mm) 22.8
No. 200 (.075-mm) 6.4

LL - -
PL - -
Pl - -

D10 0.089
D30 0.170
D60 0.260
D90 0.390

Cc 1.249
Cu 2.921

                       ASTM Classification
Group Name: Poorly-Graded Sand with Silt

Symbol: SP-SM

ASTM Method D 2974 - 87Organic  Content (%) 

Gradation Analysis Summary Data

Moisture Content (%)



Job Name: OSD ORLA Facility Sample Name: B-2 3'-12'
Job Number: 566-001-03 Sample #: B-2 3'-12'
Date Tested: 1/17/13 Depth: 3'-12'

Tested By: Kevin Vandehey

9.1%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 1.3
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 100.0 Coarse Sand 0.8
No. 4 (4.75-mm) 98.7 Medium Sand 6.1
No. 10 (2.00-mm) 97.9 Fine Sand 88.7
No. 20 (.850-mm) 96.7
No. 40 (.425-mm) 91.8 Fines 3.0
No. 60 (.250-mm) 53.6 Total 100.0
No. 100 (.150-mm) 14.0
No. 200 (.075-mm) 3.0

LL - -
PL - -
Pl - -

D10 0.130
D30 0.190
D60 0.270
D90 0.420

Cc 1.028
Cu 2.077

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Organic  Content (%) ASTM Method D 2974 - 87
Moisture Content (%)

Gradation Analysis Summary Data



Job Name: OSD ORLA Facility Sample Name: B-3 2'-12'
Job Number: 566-001-03 Sample #: B-3 2'-12'
Date Tested: 1/17/13 Depth: 2'-12'

Tested By: Kevin Vandehey

5.0%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 4.0
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 98.9 Coarse Sand 4.1
No. 4 (4.75-mm) 96.0 Medium Sand 17.8
No. 10 (2.00-mm) 92.0 Fine Sand 72.4
No. 20 (.850-mm) 86.9
No. 40 (.425-mm) 74.2 Fines 1.8
No. 60 (.250-mm) 34.4 Total 100.0
No. 100 (.150-mm) 8.2
No. 200 (.075-mm) 1.8

LL - -
PL - -
Pl - -

D10 0.170
D30 0.240
D60 0.370
D90 1.400

Cc 0.916
Cu 2.176

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Gradation Analysis Summary Data

Organic  Content (%) ASTM Method D 2974 - 87
Moisture Content (%)



Job Name: OSD ORLA Facility Sample Name: B-3 12'-16'
Job Number: 566-001-03 Sample #: B-3 12'-16'
Date Tested: 1/17/13 Depth: 12'-16'

Tested By: Kevin Vandehey

7.7%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 4.7
1.5 in. (37.5) 100.0 Fine Gravel 1.4
3/4 in. (19.0) 95.3
3/8 in. (9.5-mm) 94.6 Coarse Sand 2.1
No. 4 (4.75-mm) 93.9 Medium Sand 18.8
No. 10 (2.00-mm) 91.7 Fine Sand 70.2
No. 20 (.850-mm) 85.8
No. 40 (.425-mm) 72.9 Fines 2.7
No. 60 (.250-mm) 37.9 Total 100.0
No. 100 (.150-mm) 10.1
No. 200 (.075-mm) 2.7

LL - -
PL - -
Pl - -

D10 0.160
D30 0.230
D60 0.350
D90 1.500

Cc 0.945
Cu 2.188

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Organic  Content (%) ASTM Method D 2974 - 87
Moisture Content (%)

Gradation Analysis Summary Data



Job Name: OSD ORLA Facility Sample Name: B-4 0'-4'
Job Number: 566-001-03 Sample #: B-4 0'-4'
Date Tested: 1/17/13 Depth: 0'-4'

Tested By: Kevin Vandehey

11.6%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 1.0
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 99.2 Coarse Sand 1.2
No. 4 (4.75-mm) 99.0 Medium Sand 13.5
No. 10 (2.00-mm) 97.8 Fine Sand 79.9
No. 20 (.850-mm) 95.5
No. 40 (.425-mm) 84.3 Fines 4.3
No. 60 (.250-mm) 38.2 Total 100.0
No. 100 (.150-mm) 12.8
No. 200 (.075-mm) 4.3

LL - -
PL - -
Pl - -

D10 0.140
D30 0.210
D60 0.330
D90 0.610

Cc 0.955
Cu 2.357

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Organic  Content (%) ASTM Method D 2974 - 87
Moisture Content (%)

Gradation Analysis Summary Data



Job Name: OSD ORLA Facility Sample Name: B-4 4'-12'
Job Number: 566-001-03 Sample #: B-4 4'-12'
Date Tested: 1/17/13 Depth: 4'-12'

Tested By: Kevin Vandehey

6.6%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 6.0
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 95.3 Coarse Sand 1.0
No. 4 (4.75-mm) 94.0 Medium Sand 24.1
No. 10 (2.00-mm) 93.0 Fine Sand 67.1
No. 20 (.850-mm) 89.3
No. 40 (.425-mm) 68.9 Fines 1.7
No. 60 (.250-mm) 21.7 Total 100.0
No. 100 (.150-mm) 5.7
No. 200 (.075-mm) 1.7

LL - -
PL - -
Pl - -

D10 0.190
D30 0.280
D60 0.380
D90 0.900

Cc 1.086
Cu 2.000

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Moisture Content (%)
Organic  Content (%) ASTM Method D 2974 - 87

Gradation Analysis Summary Data



Job Name: OSD ORLA Facility Sample Name: B-4 12'-16'
Job Number: 566-001-03 Sample #: B-4 12'-16'
Date Tested: 1/17/13 Depth: 12'-16'

Tested By: Kevin Vandehey

7.9%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 0.5
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 100.0 Coarse Sand 0.3
No. 4 (4.75-mm) 99.5 Medium Sand 29.2
No. 10 (2.00-mm) 99.2 Fine Sand 68.0
No. 20 (.850-mm) 96.2
No. 40 (.425-mm) 70.0 Fines 2.0
No. 60 (.250-mm) 21.9 Total 100.0
No. 100 (.150-mm) 6.1
No. 200 (.075-mm) 2.0

LL - -
PL - -
Pl - -

D10 0.190
D30 0.290
D60 0.390
D90 0.670

Cc 1.135
Cu 2.053

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Moisture Content (%)
Organic  Content (%) ASTM Method D 2974 - 87

Gradation Analysis Summary Data



Job Name: OSD ORLA Facility Sample Name: B-5 0'-6'
Job Number: 566-001-03 Sample #: B-5 0'-6'
Date Tested: 1/17/13 Depth: 0'-6'

Tested By: Kevin Vandehey

16.1%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 0.5
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 100.0 Coarse Sand 0.5
No. 4 (4.75-mm) 99.5 Medium Sand 6.2
No. 10 (2.00-mm) 99.0 Fine Sand 69.6
No. 20 (.850-mm) 98.1
No. 40 (.425-mm) 92.8 Fines 23.1
No. 60 (.250-mm) 59.6 Total 100.0
No. 100 (.150-mm) 39.7
No. 200 (.075-mm) 23.1

LL - -
PL - -
Pl - -

D10 0.000
D30 0.110
D60 0.250
D90 0.400

Cc - -
Cu - -

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Moisture Content (%)
Organic  Content (%) ASTM Method D 2974 - 87

Gradation Analysis Summary Data



Job Name: OSD ORLA Facility Sample Name: B-6 0'-2'
Job Number: 566-001-03 Sample #: B-6 0'-2'
Date Tested: 1/17/13 Depth: 0'-2'

Tested By: Kevin Vandehey

12.2%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 2.5
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 98.3 Coarse Sand 1.2
No. 4 (4.75-mm) 97.5 Medium Sand 12.0
No. 10 (2.00-mm) 96.3 Fine Sand 77.9
No. 20 (.850-mm) 93.9
No. 40 (.425-mm) 84.3 Fines 6.4
No. 60 (.250-mm) 36.6 Total 100.0
No. 100 (.150-mm) 15.4
No. 200 (.075-mm) 6.4

LL - -
PL - -
Pl - -

D10 0.110
D30 0.240
D60 0.330
D90 0.550

Cc 1.587
Cu 3.000

                       ASTM Classification
Group Name: Poorly-Graded Sand with Silt

Symbol: SP-SM

Gradation Analysis Summary Data

Moisture Content (%)
Organic  Content (%) ASTM Method D 2974 - 87



Job Name: OSD ORLA Facility Sample Name: B-6 2'-12'
Job Number: 566-001-03 Sample #: B-6 2'-12'
Date Tested: 1/17/13 Depth: 2'-12'

Tested By: Kevin Vandehey

11.5%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 0.4
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 100.0 Coarse Sand 0.3
No. 4 (4.75-mm) 99.6 Medium Sand 4.8
No. 10 (2.00-mm) 99.4 Fine Sand 86.7
No. 20 (.850-mm) 98.8
No. 40 (.425-mm) 94.6 Fines 7.9
No. 60 (.250-mm) 67.0 Total 100.0
No. 100 (.150-mm) 28.4
No. 200 (.075-mm) 7.9

LL - -
PL - -
Pl - -

D10 0.081
D30 0.160
D60 0.240
D90 0.380

Cc 1.317
Cu 2.963

                       ASTM Classification
Group Name: Poorly-Graded Sand with Silt

Symbol: SP-SM

Organic  Content (%) ASTM Method D 2974 - 87

Gradation Analysis Summary Data

Moisture Content (%)



Job Name: OSD ORLA Facility Sample Name: B-7 0'-3'
Job Number: 566-001-03 Sample #: B-7 0'-3'
Date Tested: 1/17/13 Depth: 0'-3'

Tested By: Kevin Vandehey

10.5%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 2.2
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 100.0 Coarse Sand 1.3
No. 4 (4.75-mm) 97.8 Medium Sand 7.3
No. 10 (2.00-mm) 96.6 Fine Sand 84.5
No. 20 (.850-mm) 95.2
No. 40 (.425-mm) 89.2 Fines 4.7
No. 60 (.250-mm) 55.6 Total 100.0
No. 100 (.150-mm) 20.4
No. 200 (.075-mm) 4.7

LL - -
PL - -
Pl - -

D10 0.100
D30 0.180
D60 0.270
D90 0.440

Cc 1.200
Cu 2.700

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Gradation Analysis Summary Data

Moisture Content (%)
Organic  Content (%) ASTM Method D 2974 - 87



Job Name: OSD ORLA Facility Sample Name: B-8 12'-16'
Job Number: 566-001-03 Sample #: B-8 12'-16'
Date Tested: 1/17/13 Depth: 12'-16'

Tested By: Kevin Vandehey

4.7%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 3.2
1.5 in. (37.5) 100.0 Fine Gravel 5.4
3/4 in. (19.0) 96.8
3/8 in. (9.5-mm) 95.0 Coarse Sand 4.9
No. 4 (4.75-mm) 91.4 Medium Sand 33.5
No. 10 (2.00-mm) 86.5 Fine Sand 51.2
No. 20 (.850-mm) 77.7
No. 40 (.425-mm) 53.0 Fines 1.8
No. 60 (.250-mm) 19.9 Total 100.0
No. 100 (.150-mm) 6.2
No. 200 (.075-mm) 1.8

LL - -
PL - -
Pl - -

D10 0.190
D30 0.300
D60 0.500
D90 3.500

Cc 0.947
Cu 2.632

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Organic  Content (%) ASTM Method D 2974 - 87

Gradation Analysis Summary Data

Moisture Content (%)



Job Name: OSD ORLA Facility Sample Name: B-10 0'-4'
Job Number: 566-001-03 Sample #: B-10 0'-4'
Date Tested: 1/17/13 Depth: 0'-4'

Tested By: Kevin Vandehey

12.3%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 2.8
1.5 in. (37.5) 100.0 Fine Gravel 3.3
3/4 in. (19.0) 97.2
3/8 in. (9.5-mm) 94.9 Coarse Sand 1.5
No. 4 (4.75-mm) 93.8 Medium Sand 12.9
No. 10 (2.00-mm) 92.4 Fine Sand 71.7
No. 20 (.850-mm) 89.8
No. 40 (.425-mm) 79.5 Fines 7.8
No. 60 (.250-mm) 42.8 Total 100.0
No. 100 (.150-mm) 18.2
No. 200 (.075-mm) 7.8

LL - -
PL - -
Pl - -

D10 0.090
D30 0.190
D60 0.320
D90 0.890

Cc 1.253
Cu 3.556

                       ASTM Classification
Group Name: Poorly-Graded Sand with Silt

Symbol: SP-SM

Gradation Analysis Summary Data

Moisture Content (%)
Organic  Content (%) ASTM Method D 2974 - 87



Job Name: OSD ORLA Facility Sample Name: B-10 4'-12'
Job Number: 566-001-03 Sample #: B-10 4'-12'
Date Tested: 1/17/13 Depth: 4'-12'

Tested By: Kevin Vandehey

6.9%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 1.3
1.5 in. (37.5) 100.0 Fine Gravel 5.2
3/4 in. (19.0) 98.7
3/8 in. (9.5-mm) 96.1 Coarse Sand 3.1
No. 4 (4.75-mm) 93.5 Medium Sand 33.7
No. 10 (2.00-mm) 90.4 Fine Sand 55.2
No. 20 (.850-mm) 84.3
No. 40 (.425-mm) 56.7 Fines 1.5
No. 60 (.250-mm) 15.4 Total 100.0
No. 100 (.150-mm) 4.2
No. 200 (.075-mm) 1.5

LL - -
PL - -
Pl - -

D10 0.220
D30 0.310
D60 0.460
D90 2.000

Cc 0.950
Cu 2.091

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Organic  Content (%) ASTM Method D 2974 - 87

Gradation Analysis Summary Data

Moisture Content (%)



Job Name: OSD ORLA Facility Sample Name: B-11 1'-12'
Job Number: 566-001-03 Sample #: B-11 1'-12'
Date Tested: 1/17/13 Depth: 1'-12'

Tested By: Kevin Vandehey

7.4%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 0.3
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 100.0 Coarse Sand 0.5
No. 4 (4.75-mm) 99.7 Medium Sand 18.3
No. 10 (2.00-mm) 99.1 Fine Sand 78.9
No. 20 (.850-mm) 97.1
No. 40 (.425-mm) 80.9 Fines 1.9
No. 60 (.250-mm) 32.1 Total 100.0
No. 100 (.150-mm) 9.5
No. 200 (.075-mm) 1.9

LL - -
PL - -
Pl - -

D10 0.170
D30 0.250
D60 0.340
D90 0.550

Cc 1.081
Cu 2.000

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Gradation Analysis Summary Data

Moisture Content (%)
Organic  Content (%) ASTM Method D 2974 - 87



Job Name: OSD ORLA Facility Sample Name: B-12 12'-16'
Job Number: 566-001-03 Sample #: B-12 12'-16'
Date Tested: 1/17/13 Depth: 12'-16'

Tested By: Kevin Vandehey

7.2%
N/A

Percent Percent by
Sieve Size Passing Size Fraction Weight

3.0 in. (75.0) 100.0 Coarse Gravel 0.0
1.5 in. (37.5) 100.0 Fine Gravel 2.9
3/4 in. (19.0) 100.0
3/8 in. (9.5-mm) 98.2 Coarse Sand 1.2
No. 4 (4.75-mm) 97.1 Medium Sand 23.3
No. 10 (2.00-mm) 95.9 Fine Sand 70.7
No. 20 (.850-mm) 91.4
No. 40 (.425-mm) 72.6 Fines 1.9
No. 60 (.250-mm) 30.1 Total 100.0
No. 100 (.150-mm) 8.1
No. 200 (.075-mm) 1.9

LL - -
PL - -
Pl - -

D10 0.160
D30 0.260
D60 0.360
D90 0.790

Cc 1.174
Cu 2.250

                       ASTM Classification
Group Name: Poorly-Graded Sand

Symbol: SP

Organic  Content (%) ASTM Method D 2974 - 87
Moisture Content (%)

Gradation Analysis Summary Data
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TABLE 



PW-1 185.00 33.80 151.2 BHC 052 20827 3/8/2012 156.69

200.94 3/16/2012 156.79

200.94 3/23/2012 157.03

3/28/2012 157.38

4/14/2012 158.22

4/30/2012 158.41

5/15/2012 158.03

5/30/2012 157.71

6/12/2012 157.36

PW-2 184.00 33.04 150.96 BHC 053 20307 3/8/2012 156.01

198.40 3/16/2012 156.07

3/23/2012 156.19

3/28/2012 156.50

4/14/2012 157.26

4/30/2012 157.41

5/15/2012 156.98

5/30/2012 156.55

6/12/2012 156.23

PW-3 183.00 39.36 143.64 BHC 051 18714 3/8/2012 158.39

192.73 3/16/2012 158.36

3/23/2012 158.61

3/28/2012 158.96

4/14/2012 159.81

4/30/2012 159.98

5/15/2012 159.48

5/30/2012 159.08

6/12/2012 158.76

Total Depth of 
Well ( Feet)

Groundwater
ElevationsMeasurement DateWell Number Casing Elevation 

(Feet)
Transducer

Elevation (Feet)
Transducer ID 

Number
Ecology Tag 

Number

Olympia School District, ORLA Facility
MONITORING WELL DETAILS AND MANUAL DATA

TABLE 1

Olympia, Washington

Page 1 of 1



ATTACHMENT A 
TRANSDUCER WATER LEVELS 



3/6/2012 156.66 156.05 143.76
3/6/2012 156.61 156.01 143.60
3/7/2012 156.65 156.03 158.30
3/7/2012 156.65 156.02 158.29
3/8/2012 156.66 156.02 158.29
3/8/2012 156.68 156.04 158.32
3/9/2012 156.68 156.04 158.33
3/9/2012 156.70 156.05 158.34
3/10/2012 156.71 156.07 158.35
3/10/2012 156.73 156.07 158.36
3/11/2012 156.76 156.09 158.37
3/11/2012 156.73 156.07 158.36
3/12/2012 156.79 156.11 158.39
3/12/2012 156.77 156.09 158.38
3/13/2012 156.79 156.11 158.41
3/13/2012 156.75 156.07 158.38
3/14/2012 156.79 156.10 158.41
3/14/2012 156.80 156.12 158.41
3/15/2012 156.83 156.13 158.42
3/15/2012 156.78 156.10 158.40
3/16/2012 156.84 156.14 158.44
3/16/2012 156.83 156.14 158.43
3/17/2012 156.87 156.18 158.45
3/17/2012 156.83 156.13 158.43
3/18/2012 156.88 156.17 158.46
3/18/2012 156.86 156.16 158.46
3/19/2012 156.88 156.17 158.49
3/19/2012 156.89 156.18 158.48
3/20/2012 156.95 156.22 158.52
3/20/2012 156.87 156.16 158.48
3/21/2012 156.93 156.19 158.52
3/21/2012 156.95 156.21 158.52
3/22/2012 156.98 156.23 158.55
3/22/2012 156.99 156.21 158.55
3/23/2012 157.04 156.25 158.58
3/23/2012 157.04 156.24 158.58
3/24/2012 157.09 156.27 158.62
3/24/2012 157.13 156.28 158.65
3/25/2012 157.16 156.31 158.69
3/25/2012 157.21 156.34 158.72
3/26/2012 157.22 156.35 158.75
3/26/2012 157.27 156.39 158.79
3/27/2012 157.30 156.42 158.82

DATE

TRANSDUCER WATER LEVELS CORRECTED FOR 
BAROMETRIC PRESSURE 

TABLE 1-A

Olympia School District, ORLA Facility
Olympia, Washington

PW-1 PW-2 PW-3



DATE

TRANSDUCER WATER LEVELS CORRECTED FOR 
BAROMETRIC PRESSURE 

TABLE 1-A

Olympia School District, ORLA Facility
Olympia, Washington

PW-1 PW-2 PW-3

3/27/2012 157.35 156.46 158.88
3/28/2012 157.35 156.47 158.89
3/28/2012 157.38 156.49 158.93
3/29/2012 157.47 156.57 159.00
3/29/2012 157.50 156.61 159.05
3/30/2012 157.51 156.63 159.09
3/30/2012 157.52 156.64 159.10
3/31/2012 157.60 156.71 159.18
3/31/2012 157.61 156.74 159.21
4/1/2012 157.58 156.72 159.19
4/1/2012 157.59 156.73 159.21
4/2/2012 157.62 156.76 159.23
4/2/2012 157.68 156.81 159.28
4/3/2012 157.70 156.84 159.31
4/3/2012 157.68 156.83 159.31
4/4/2012 157.74 156.88 159.36
4/4/2012 157.74 156.88 159.36
4/5/2012 157.77 156.91 159.39
4/5/2012 157.78 156.92 159.40
4/6/2012 157.80 156.94 159.43
4/6/2012 157.81 156.94 159.44
4/7/2012 157.84 156.97 159.47
4/7/2012 157.87 156.98 159.48
4/8/2012 157.87 156.99 159.49
4/8/2012 157.90 157.01 159.52
4/9/2012 157.92 157.02 159.53
4/9/2012 157.97 157.05 159.58
4/10/2012 158.00 157.07 159.61
4/10/2012 158.01 157.07 159.60
4/11/2012 158.04 157.10 159.62
4/11/2012 158.07 157.11 159.65
4/12/2012 158.08 157.13 159.67
4/12/2012 158.10 157.13 159.68
4/13/2012 158.14 157.16 159.72
4/13/2012 158.15 157.17 159.73
4/14/2012 158.16 157.17 159.74
4/14/2012 158.17 157.18 159.76
4/15/2012 158.19 157.20 159.78
4/15/2012 158.22 157.23 159.82
4/16/2012 158.26 157.26 159.86
4/16/2012 158.23 157.23 159.83
4/17/2012 158.25 157.26 159.86
4/17/2012 158.30 157.31 159.91



DATE

TRANSDUCER WATER LEVELS CORRECTED FOR 
BAROMETRIC PRESSURE 

TABLE 1-A

Olympia School District, ORLA Facility
Olympia, Washington

PW-1 PW-2 PW-3

4/18/2012 158.32 157.33 159.93
4/18/2012 158.30 157.30 159.90
4/19/2012 158.32 157.33 159.93
4/19/2012 158.34 157.35 159.95
4/20/2012 158.33 157.34 159.93
4/20/2012 158.33 157.35 159.95
4/21/2012 158.36 157.37 159.97
4/21/2012 158.38 157.39 159.99
4/22/2012 158.38 157.39 159.99
4/22/2012 158.40 157.41 160.01
4/23/2012 158.39 157.40 159.99
4/23/2012 158.41 157.42 160.02
4/24/2012 158.39 157.41 159.99
4/24/2012 158.40 157.41 160.01
4/25/2012 158.42 157.43 160.02
4/25/2012 158.44 157.45 160.04
4/26/2012 158.44 157.45 160.03
4/26/2012 158.40 157.42 159.99
4/27/2012 158.33 157.38 159.93
4/27/2012 158.33 157.38 159.95
4/28/2012 158.34 157.40 159.95
4/28/2012 158.35 157.40 159.95
4/29/2012 158.36 157.41 159.95
4/29/2012 158.38 157.42 159.97
4/30/2012 158.43 157.45 160.01
4/30/2012 158.38 157.41 159.95
5/1/2012 158.34 157.38 159.90
5/1/2012 158.35 157.39 159.92
5/2/2012 158.34 157.39 159.90
5/2/2012 158.34 157.38 159.90
5/3/2012 158.38 157.41 159.93
5/3/2012 158.37 157.40 159.90
5/4/2012 158.27 157.33 159.82
5/4/2012 158.23 157.31 159.79
5/5/2012 158.20 157.28 159.75
5/5/2012 158.16 157.25 159.72
5/6/2012 158.18 157.25 159.72
5/6/2012 158.17 157.24 159.71
5/7/2012 158.19 157.26 159.71
5/7/2012 158.19 157.24 159.71
5/8/2012 158.22 157.26 159.71
5/8/2012 158.19 157.23 159.69
5/9/2012 158.18 157.22 159.66



DATE

TRANSDUCER WATER LEVELS CORRECTED FOR 
BAROMETRIC PRESSURE 

TABLE 1-A

Olympia School District, ORLA Facility
Olympia, Washington

PW-1 PW-2 PW-3

5/9/2012 158.14 157.18 159.64
5/10/2012 158.12 157.16 159.61
5/10/2012 158.10 157.13 159.59
5/11/2012 158.10 157.13 159.57
5/11/2012 158.09 157.10 159.56
5/12/2012 158.10 157.11 159.55
5/12/2012 158.08 157.08 159.53
5/13/2012 158.08 157.08 159.52
5/13/2012 158.06 157.04 159.50
5/14/2012 158.07 157.05 159.49
5/14/2012 158.05 157.02 159.48
5/15/2012 158.04 157.01 159.45
5/15/2012 158.02 156.98 159.44
5/16/2012 158.01 156.97 159.41
5/16/2012 157.99 156.94 159.40
5/17/2012 157.99 156.93 159.38
5/17/2012 157.97 156.90 159.37
5/18/2012 157.96 156.89 159.34
5/18/2012 157.93 156.85 159.32
5/19/2012 157.94 156.85 159.32
5/19/2012 157.93 156.83 159.30
5/20/2012 157.93 156.82 159.29
5/20/2012 157.92 156.81 159.27
5/21/2012 157.92 156.80 159.27
5/21/2012 157.93 156.80 159.26
5/22/2012 157.90 156.77 159.23
5/22/2012 157.88 156.74 159.23
5/23/2012 157.88 156.75 159.20
5/23/2012 157.85 156.71 159.18
5/24/2012 157.85 156.72 159.17
5/24/2012 157.87 156.71 159.16
5/25/2012 157.84 156.70 159.12
5/25/2012 157.83 156.68 159.12
5/26/2012 157.82 156.67 159.10
5/26/2012 157.81 156.66 159.09
5/27/2012 157.78 156.64 159.06
5/27/2012 157.76 156.62 159.05
5/28/2012 157.75 156.61 159.04
5/28/2012 157.74 156.59 159.03
5/29/2012 157.72 156.58 159.01
5/29/2012 157.71 156.57 159.00
5/30/2012 157.71 156.58 158.99
5/30/2012 157.68 156.54 158.97



DATE

TRANSDUCER WATER LEVELS CORRECTED FOR 
BAROMETRIC PRESSURE 

TABLE 1-A

Olympia School District, ORLA Facility
Olympia, Washington

PW-1 PW-2 PW-3

5/31/2012 157.69 156.55 158.98
5/31/2012 157.67 156.53 158.97
6/1/2012 157.69 156.54 158.98
6/1/2012 157.67 156.53 158.95
6/2/2012 157.67 156.52 158.96
6/2/2012 157.65 156.51 158.93
6/3/2012 157.63 156.49 158.92
6/3/2012 157.62 156.49 158.91
6/4/2012 157.63 156.49 158.91
6/4/2012 157.62 156.49 158.90
6/5/2012 157.59 156.46 158.88
6/5/2012 157.55 156.42 158.86
6/6/2012 157.54 156.42 158.85
6/6/2012 157.54 156.42 158.86
6/7/2012 157.55 156.42 158.87
6/7/2012 157.57 156.46 158.85
6/8/2012 157.51 156.40 158.83
6/8/2012 157.50 156.39 158.81
6/9/2012 157.48 156.38 158.79
6/9/2012 157.46 156.37 158.78
6/10/2012 157.44 156.34 158.76
6/10/2012 157.43 156.33 158.76
6/11/2012 157.42 156.34 158.76
6/11/2012 157.41 156.32 158.75
6/12/2012 157.41 156.32 158.74
6/12/2012 157.40 156.31 158.73
6/13/2012 157.39 156.31 158.71
6/13/2012 157.36 156.28 158.69
6/13/2012 193.29 154.06 177.26
6/14/2012 193.29 154.05 177.25
6/14/2012 193.29 154.02 177.23
6/15/2012 193.23 154.00 177.21
6/15/2012 193.23 154.00 177.19
6/16/2012 193.21 153.98 177.19
6/16/2012 193.19 153.98 177.17
6/17/2012 193.18 153.99 177.14
6/17/2012 193.13 153.95 177.13
6/18/2012 193.15 153.91 177.08
6/18/2012 193.13 197.38 177.09
6/19/2012 193.12 197.36 177.05
6/19/2012 193.08 197.34 177.05
6/20/2012 193.04 197.30 177.08
6/20/2012 193.06 197.32 177.02



DATE

TRANSDUCER WATER LEVELS CORRECTED FOR 
BAROMETRIC PRESSURE 

TABLE 1-A

Olympia School District, ORLA Facility
Olympia, Washington

PW-1 PW-2 PW-3

6/21/2012 193.01 197.28 177.04
6/21/2012 193.02 197.28 177.00
6/22/2012 192.99 197.25 176.99
6/22/2012 192.38 196.64 176.36
6/22/2012 192.58 196.83 176.48
6/23/2012 192.68 196.97 176.68
6/23/2012 192.89 197.18 176.86
6/24/2012 192.97 197.27 176.99
6/24/2012 192.92 197.22 176.92
5/30/2012 350.91 251.84 224.47
5/31/2012 351.02 251.95 224.55
5/31/2012 350.91 251.86 224.35
6/1/2012 351.01 251.98 224.40
6/1/2012 351.07 252.06 224.38
6/2/2012 351.18 252.18 224.46
6/2/2012 351.14 252.15 224.43
6/3/2012 351.08 252.09 224.37
6/3/2012 350.88 251.90 224.18
6/4/2012 350.83 251.86 224.13
6/4/2012 351.02 252.06 224.32
6/5/2012 351.27 252.34 224.55
6/5/2012 351.05 252.11 224.31
6/6/2012 350.80 251.85 224.00
6/6/2012 350.72 251.77 223.89
6/7/2012 350.69 251.82 223.86
6/7/2012 351.26 252.53 224.22
6/8/2012 351.21 252.48 224.00
6/8/2012 351.51 253.38 224.11
6/9/2012 351.77 253.57 224.09
6/9/2012 351.78 253.34 224.09
6/10/2012 351.60 253.09 223.94
6/10/2012 351.41 252.74 223.82
6/11/2012 351.32 252.59 223.76
6/11/2012 351.21 252.45 223.74
6/12/2012 351.17 252.41 223.75
6/12/2012 351.19 252.44 223.83
6/13/2012 351.22 252.48 223.90



Associated Earth Sciences, Inc.  Appendix C  Bioretention Hydrologic Performance Study 
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Approximate location of facilities indicated by red outline 

 

Excerpt from Logan, R. L., et. al., Geologic Map of the Lacey 7.5 Minute Quadrangle, Thurston County, 
Washington 
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Approximate location of facilities indicated by red outline 

Excerpt from Natural Resources Conservation Service, 2016, Web soil survey  



 

 

 
 
 
 
 
 

APPENDIX D 
 

Soil Probe, Level Survey, and 
Field Infiltration Testing Data 

 



ORLA1-B Soil Probe Data

Soil Probe and Depth of Loose Soil0.8

SOIL PROBE DATA

1.50.6

1.41.4

1.0 1.3 1.3 1.7 1.1
1.5 1.6 1.4
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D1



ORLA2-B Soil Probe Data

Soil Probe and Depth of Loose Soil0.8

SOIL PROBE DATA

1.31.3

1.4

1.4

1.6

1.4
1.6

1.3

1.4
1.5

1.2 1.2 0.5
0.6

1.2 0.4
1.0

1.5

0.1 0.6 0.9 1.1 1.0 1.1

D1



ORLA1-B Level Survey Data

Elevation, Project Datum (see text)

LEVEL SURVEY DATA

98.66

D2

Base of inlet 

pipe: 98.10

Base of inlet 

pipe: 98.28

Base of inlet 

pipe: 98.33

Base of inlet 

pipe: 97.63

S-1 (crosswalk 

corner): 99.80

S-2 (Lamp post  

base): 100.0
Top of WP 

casing: 102.05

Overflow rim: 

98.79



ORLA2-B Level Survey Data

Elevation, Project Datum (see text)

LEVEL SURVEY DATA

98.66

D2

Top of WP 

casing: 100.14

S-1 (top of cement 

base of lamp post  

base): 100.0

Base of inlet 

pipe: 98.19Base of inlet 

pipe: 98.15

Base of inlet 

pipe: 98.08

Base of inlet 

pipe: 98.19

Overflow rim: 

98.70
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Cell ORLA1‐B 
 Level Survey Data 

 

Location 
Elevation (feet, 
project datum) 

(S‐1) Crosswalk corner 
 

99.80 

(S‐2)  Lamp  post  base  (E  end  cell 
ORLA 1‐B) 

100.00 

(S‐3)  Lamp  post  base  (middle  of 
cell) 

99.97 

Inlet 1 base of pipe  97.63 

Inlet 2 base of pipe  98.33 

Inlet 3 base of pipe  98.28 

Inlet 4 base of pipe  98.1 

Overflow rim  98.79 

Well point, top of casing  102.05 

Survey points in base of cell  On site plan 

 
Cell ORLA2‐B 

 Level Survey Data 
 

Location 
Elevation (feet, 
project datum) 

(S‐1) Top of  cement base of  lamp 
post, near Cell ORLA 2‐B bridge  

100.00 

(S‐2) Sidewalk next to corner of wall  100.23 

(S‐3) Top of  cement base of  lamp 
post, near fire hydrant 

100.08 

Inlet 1 base of pipe  98.08 

Inlet 2 base of pipe (approx)  98.08 

Inlet 3 base of pipe  98.15 

Inlet 4 base of pipe  98.19 

Overflow rim  98.70 

Well point, top of casing  100.14 

Survey points in base of cell  On site plan 
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Cell ORLA1‐B and ORLA2‐B 
Probe Survey Data List (Excludes Outliers) 

 

ORLA1‐B, 
Probe 

Penetration 
(feet): 

ORLA2‐B, 
Probe 

Penetration 
(feet): 

1.5  1.3 

1  1.3 

1.3  1.4 

1.3  1.5 

1.5  1.4 

1.1  1.2 

1.5  1.2 

1.6  1.6 

1.4  0.5 

1.4  0.6 

1.4  1.2 

1.6  0.4 

1.2  1.6 

1.2  1 

1.3  1.5 

1.1  1.4 

1.4  1.4 

1.3  0.1 

1.4  0.6 

   1.3 

   0.9 

   1.1 

   1 

   1.1 

AVERAGE: 
1.3 

AVERAGE: 
1.1 

 







Project Name Receptor Soils

Bioretention 

Soil over Qvr

Project Number KH150387A Testing Performed By ADY

Date 8/30/16

Weather Clear

Test No. ORLA1‐B IT‐1

Meter FM7

Water Source

Time (24‐hr)
Total 

(min)

Flow Rate

(gpm)

Totalizer

(gallons)

SG‐1

Stage 

(ft)

SG‐2

Stage 

(ft)

Depth to 

water, well 

point (feet)

Depth to 

water, below 

rim of overflow 

grate (ft)

Wetted area (ft^2) Notes

9:15:00 0.0 68.00 0 0.00 Flow on

9:21:00 6.0 185.12 751 0.00

9:30:00 15.0 191.68 2459 0.00

9:51:00 36.0 190.28 6468 0.00 Dry 2.40

10:00:00 45.0 189.85 8185 0.00

10:15:00 60.0 189.83 11035 0.00 Dry 2.40 440

10:30:00 75.0 189.98 13908 0.00

10:45:00 90.0 190.14 16734 0.00

11:00:00 105.0 190.61 19654 0.00

11:15:00 120.0 191.53 22496 0.00 Dry 2.40

11:30:00 135.0 191.68 25365 0.00

12:03:00 168.0 190.76 31622 0.00 0.48

12:15:00 180.0 190.44 33957 0.00 0.48

12:30:00 195.0 190.44 36739 0.00 0.48

12:45:00 210.0 191.06 39649 0.00 0.49

13:00:00 225.0 188.17 42530 0.00 0.49

13:15:00 240.0 190.60 45298 0.00 0.49 Dry 2.40

13:30:00 255.0 188.79 48062 0.00 0.49

13:45:00 270.0 187.24 50912 0.00 0.50

14:00:00 285.0 187.40 53736 0.00 0.50

14:15:00 300.0 188.17 56681 0.00 0.50

Bioretention Hydrologic Performance 

Assessment

Hydrant

Associated Earth Sciences, Inc.

Kirkland, WA
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Time (24‐hr)
Total 

(min)

Flow Rate

(gpm)

Totalizer

(gallons)

SG‐1

Stage 

(ft)

SG‐2

Stage 

(ft)

Depth to 

water, well 

point (feet)

Depth to 

water, below 

rim of overflow 

grate (ft)

Wetted area (ft^2) Notes

14:30:00 315.0 186.94 59387 0.00 0.50 Dry 2.40

14:45:00 330.0 189.39 62265 0.00 0.50

15:00:00 345.0 188.48 65035 0.00 0.50

15:15:00 360.0 188.17 67853 0.00 0.51 Dry 2.40

15:20:00 365.0 188.17 68821 0.00 0.51

15:30:00 375.0 188.17 70753 0.00 0.51

15:42:00 387.0 187.39 72948 0.00 0.51

15:50:00 395.0 189.26 74456 0.00 0.51

16:00:00 405.0 188.94 76344 0.00 0.51

16:11:00 416.0 188.02 78435 0.00 0.52

16:20:00 425.0 188.92 80164 0.00 0.52 710

Flow off, begin falling 

head

16:21:15 426.3 0.00 0.48

16:21:30 426.5 0.00 0.45

16:21:45 426.8 0.00 0.44

16:22:14 427.2 0.00 0.42

16:22:56 427.9 0.00 0.39

16:23:27 428.5 0.00 0.37

16:24:31 429.5 0.00 0.33

16:25:14 430.2 0.00 0.30

16:27:35 432.6 0.00 0.23

16:29:22 434.4 0.00 0.18

439.0 0.08 Dry

End test, retrieve 

dataloggers

Associated Earth Sciences, Inc.
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Receptor Soils

KH150387A Testing Performed By ADY/LSN

8/31/16

Cloudy, rain

ORLA2‐B IT‐1

FM7

Hydrant

Time (24‐

hr)

Total 

(min)

Flow Rate

(gpm)

Totalizer 

(gallons)

SG‐1

Stage 

(feet)

SG‐2

Stage 

(feet)

Depth to 

water, 

well point 

(feet)

Depth to 

water, from 

overflow rim 

(feet)

Wetted 

area 

(ft^2)

Inlet 1 

status

Inlet 2 

status
Inlet 3 status Inlet 4 status

West 

underdrain 

cleanout, 

depth to 

water below 

rim (feet)

Notes

8:06:00 0.0 126.00 0 0.00 0.00

Cloudy, flow on; 08:19 

base is wet at SG‐2

8:20:00 14.0 127.18 1874 0.00 0.00 8.25 3.16

08:15 no flow into 

overflow from 

underdrain pipe

8:36:00 30.0 127.18 3945 0.00 0.10 Flow increased

8:50:00 44.0 191.53 6548 0.00 0.23

08:58 place datalogger 

at SG‐2

9:00:00 54.0 190.13 8336 0.00 0.48 09:02 flow decreased

9:07:00 61.0 130.00 9614 0.00 0.44 2.96

Flow observed from 

underdrain pipe into 

overflow structure; 

09:06 surface is wet at 

SG‐1

9:16:00 70.0 131.00 10609 0.00 0.43

Test No.

Meter

Water Source

Bioretention Soil over 

QvsProject Name

Date

Project Number

Weather

Bioretention Hydrologic 

Performance Assessment

Associated Earth Sciences, Inc.
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Time (24‐

hr)

Total 

(min)

Flow Rate

(gpm)

Totalizer 

(gallons)

SG‐1

Stage 

(feet)

SG‐2

Stage 

(feet)

Depth to 

water, 

well point 

(feet)

Depth to 

water, from 

overflow rim 

(feet)

Wetted 

area 

(ft^2)

Inlet 1 

status

Inlet 2 

status
Inlet 3 status Inlet 4 status

West 

underdrain 

cleanout, 

depth to 

water below 

rim (feet)

Notes

9:20:00 74.0 130.00 890

When flow at 190 gpm, 

east end of facility 

generally saturated; 

when flow at 130 gpm, 

east end of facility 

partially dried

9:21:00 75.0 2.70

9:30:00 84.0 130.00 12443 0.05 0.44 2.62

9:36:30 90.5 131.00 13370 0.44

Flow off, begin short 

falling head test

9:37:00 91.0 0.00 13370 0.44 2.59

9:38:25 92.4 0.00 13370 0.41 2.58

9:39:02 93.0 0.00 13370 0.38 2.58

9:39:50 93.8 0.00 13370 0.35 2.57

9:41:05 95.1 0.00 13370 0.32 2.57

9:43:54 97.9 0.00 13370 0.26 2.61

9:47:30 101.5 0.00 13370 0.20 2.68

9:49:40 103.7 0.00 13370 0.17 2.76

9:52:40 106.7 0.00 13370 0.12 2.86

9:56:05 110.1 0.00 13370 0.01 2.91

10:00:00 114.0 0.00 13370 0.00 3.08

10:02:00 116.0 0.00 13370

Flow on, resume 

constant head test

10:20:00 134.0 0.00 14324 0.29 7.77 3.08

10:30:00 144.0 0.00 15057 0.36 3.08

10:33:00 147.0 0.00 7.80

10:42:00 156.0 0.00 Flow decreased
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Time (24‐

hr)

Total 

(min)

Flow Rate

(gpm)

Totalizer 

(gallons)

SG‐1

Stage 

(feet)

SG‐2

Stage 

(feet)

Depth to 

water, 

well point 

(feet)

Depth to 

water, from 

overflow rim 

(feet)

Wetted 

area 

(ft^2)

Inlet 1 

status

Inlet 2 

status
Inlet 3 status Inlet 4 status

West 

underdrain 

cleanout, 

depth to 

water below 

rim (feet)

Notes

11:04:00 178.0 0.00 0.38

SG‐2 water is ~3‐

INCHES below top of lip 

of overflow

11:05:00 179.0 0.00 2.69

11:15:00 189.0 84.28 19226 0.14 0.39

11:30:00 204.0 84.76 20480 0.15 0.39 7.75 2.60 1026

1.75 in of 

head in 

pipe; 1 gpm 

flow

buried but 

water visible

rocks in pipe; 

1 gpm flow

mostly 

submerged dry Rain begins

11:45:00 219.0 83.97 21770 0.16 0.39 7.75 2.58 Decreasing rain

12:00:00 234.0 83.97 23076 0.16 0.39

12:15:00 249.0 83.50 24339 0.16 0.39

12:30:00 264.0 83.65 2559 0.18 0.40 7.75 2.60 1044 trace flow

trace water 

visible trace flow

mostly 

submerged

2.13 ft to 

water from 

toc Light sprinkle

12:45:00 279.0 83.49 26794 0.18 0.40 7.75 2.62

13:00:00 294.0 83.97 28041 0.18 0.40 7.75 2.62

13:06:00 300.0 0.40

SG‐2 water is ~2.75 

INCHES below top of lip 

of overflow

13:15:00 309.0 83.65 29318 0.19 0.40 7.75 2.64

13:30:00 324.0 83.65 30558 0.19 0.40

13:40:00 334.0 83.34 31374 0.20 0.40 7.75 2.65 1044

no flow/no 

water

no flow/no 

water

no flow/no 

water

mostly 

submerged 2 Cloudy

14:00:00 354.0 84.28 33060 0.20 0.40 7.75 2.65

14:15:00 369.0 83.65 34322 0.20 0.40 7.75 2.69

14:30:00 384.0 84.44 35586 0.21 0.40 7.76 2.69 1059.0

no flow/no 

water

no flow/no 

water

no flow/no 

water

mostly 

submerged 2.1

Cloudy, SG‐2 water is 

~3 INCHES below top of 

lip of overflow
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Time (24‐

hr)

Total 

(min)

Flow Rate

(gpm)

Totalizer 

(gallons)

SG‐1

Stage 

(feet)

SG‐2

Stage 

(feet)

Depth to 

water, 

well point 

(feet)

Depth to 

water, from 

overflow rim 

(feet)

Wetted 

area 

(ft^2)

Inlet 1 

status

Inlet 2 

status
Inlet 3 status Inlet 4 status

West 

underdrain 

cleanout, 

depth to 

water below 

rim (feet)

Notes

14:45:00 399.0 83.65 36836 0.21 0.40 7.75 2.69

15:00:00 414.0 83.65 38097 0.21 0.41 7.75 2.71

15:08:00 422.0 0.41

SG‐2 water is ~2.88 

INCHES below top of lip 

of overflow

15:15:00 429.0 80.73 39354 0.22 0.40 7.76 2.72

15:30:00 444.0 82.26 40523 0.22 0.41 7.76 2.75

15:45:00 459.0 81.90 41849 0.22 0.40 7.76 2.76 1059.0

no flow/no 

water

no flow/no 

water

no flow/no 

water

mostly 

submerged 2.1 Light sprinkle

16:00:00 474.0 82.20 43071 0.22 0.40

Flow off, begin falling 

head

16:02:00 476.0 0.39 2.79

16:03:00 477.0 0.36 2.78

16:04:00 478.0 0.34 2.80

16:06:00 480.0 0.31 2.79

16:07:00 481.0 0.30 2.80

16:09:00 483.0 0.28 2.80

16:11:00 485.0 0.26 2.80

16:13:00 487.0 0.24 2.82

16:15:00 489.0 0.22 2.83

16:17:00 491.0 0.21 2.85

16:19:00 493.0 0.20 2.89

16:21:00 495.0 0.18 2.93

16:25:00 499.0 0.16 3.00

16:30:00 504.0 0.14 3.05

16:34:00 508.0 0.09 3.05

16:37:00 511.0 0.06 3.05

16:39:00 513.0 0.04 3.05

16:40:00 514.0 0.02 3.05
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Time (24‐

hr)

Total 

(min)

Flow Rate

(gpm)

Totalizer 

(gallons)

SG‐1

Stage 

(feet)

SG‐2

Stage 

(feet)

Depth to 

water, 

well point 

(feet)

Depth to 

water, from 

overflow rim 

(feet)

Wetted 

area 

(ft^2)

Inlet 1 

status

Inlet 2 

status
Inlet 3 status Inlet 4 status

West 

underdrain 

cleanout, 

depth to 

water below 

rim (feet)

Notes

16:41:15 515.3 0.00 3.05

16:43 move logger 

from SG2 , install in 

overflow sump

16:44:00 518.0 3.05

16:45:00 519.0 3.06

16:46:00 520.0 3.07

Remove logger from 

overflow sump

16:48:00 522.0 7.76

Remove logger from 

well point

17:05:00 539.0 7.76

Replace logger in well 

point (retrieved at later 

date)

17:10:00 544.0 3.06

Replace logger in 

overflow sump 

(retrieved at later date)
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Cell ORLA1-B, western end 

 

Cell ORLA1-B, eastern end 
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Cell ORLA2-B during infiltration testing, with SG-1 affixed to well point 

 

 

Overflow structure in Cell ORLA1-B 
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Pre-existing observation well in Cell ORLA2-B 

 

An inflow pipe to ORLA 2-B. 
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Deliverable 4.5, Site SLP, Geotechnical/Soils Assessment Design Data and 
Current Conditions, Spanaway Lake Park, Pierce County, Washington.  
Associated Earth Sciences, Inc. 10/25/16 
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Technical Memorandum 

Page 1 of 16 

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, WA 98012 

Principal in Charge:  Curtis J. Koger, L.G., L.E.G., L.Hg. 

    Project Name: 
Bioretention Hydrologic 
Performance Study 

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

Subject: 
Deliverable 4.5, Site SLP, Geotechnical/Soils Assessment Design Data and Current Conditions, 
Spanaway Lake Park, Pierce County, Washington 

 
 

1.0  INTRODUCTION 
 
This  technical memorandum documents existing  shallow  soil and ground water  conditions  in 
bioretention cells  I  (SLP “I”) and  J  (SLP “J”) at Spanaway Lake Park,  located  in Pierce County, 
Washington (Figure SLP 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 28 and August 19, 2016, 
and infiltration testing on September 13 and 14, 2016. 
 
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. 
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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: 
 

 Review of project documents. 

 Site reconnaissance. 

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

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

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

 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. 

 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.” 

 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. 

 Conduct qualitative assessment of bioretention soil compaction via T‐probe. 

 Conduct infiltration testing. 

 Preparation of descriptive exploration logs for each exploration. 

 Preparation of this summary document. 
 
Topography  of  the  site  and  surrounding  area  is  shown  on  Figure  SLP  F2,  “LiDAR‐Based 
Topography.”  Existing facility features and the locations of hand‐auger boreholes completed for 
this study are shown on Figure SLP F3, “Facility and Exploration Plan I” and Figure SLP F4, “Facility 
and Exploration Plan  J.”   Project civil plans are attached as Appendix A.   Exploration  logs and 
laboratory testing data for current 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 Pierce County Spanaway Lake Park Stormwater Retrofit Project, located at 
14905 Bresemann Boulevard  South,  in  the  Spanaway  area  of unincorporated Pierce County, 
Washington, as shown on the attached “Vicinity Map” (Figure SLP F1).   Spanaway Lake Park  is 
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about  135  acres  in  size,  and  is  roughly  delineated  by Military  Road  South  to  the  north,  by 
Bresemann Boulevard South and the Lake Spanaway Golf Course to the east, by 160th Street South 
and single‐family residential homes to the south, and by Spanaway Lake to the west.  Spanaway 
Lake is the largest surface water feature onsite.  The lake discharges to the north via Spanaway 
Creek.  Per the Washington State Source Water Assessment Program Mapping Application, the Park 
is within the 5‐ and 10‐year time of travel area of the Parkland Light and Water Company Well #12 
water supply system (Well ID ACY102).  LiDAR topography and other near‐site vicinity features are 
illustrated on Figure SLP F2, “LiDAR‐Based Topography.” 
 
Our specific area of study for this project includes two bioretention areas located in the southern 
portion of the park area.  The cells are referred to as Bioretention Area I and Bioretention Area J, 
and for this study are referenced as cell SLP “I” and cell SLP “J”.  Cell SLP “I” is located on the east 
side of Bresemann Boulevard South, between the road on the east and the Lake Spanaway Golf 
Course on the west.  Cell SLP “J” is located adjacent to a large parking lot, between the parking lot 
on the east and a natural area with slopes  leading down to Spanaway Lake on the west.   The 
attached “Facility and Exploration Plan  I”  (Figure SLP F3) and “Facility and Exploration Plan  J” 
(Figure SLP F4) illustrates the cell area and some of the surrounding site features and utilities. 
 
Details of the bioretention facility design and basis were presented in the following documents: 
 

 Spanaway  Lake  Park  Stormwater  Retrofit  Preliminary  Design  Report,  The  State  of 
Washington  Department  of  Ecology  and  Pierce  County  Surface Water Management, 
January 10, 2013. 

 Spanaway Lake Park L.I.D. Retrofit – Phase 1, C.I.P. #D415‐006, 2015, Pierce County Surface 
Water Management, undated. 

 
3.1  Summary of Facility Design 
 
From our review of these documents, the bioretention facility design for cell SLP “I” consists of 
approximately a square bioretention cell with approximately 1,100 square feet of base area, as 
shown on Figure SLP F3, “Facility and Exploration Plan I,” and modeled using WWHM3 Pro based on 
a developed condition basin of about 0.43 acres.  Land use within the drainage basin to cell SLP “I” 
is primarily  impervious access road.   The bioretention facility design for cell SLP “J” consists of 
approximately a square bioretention cell with approximately 1,080 square feet of base area, as 
shown on Figure SLP F4, “Facility and Exploration Plan J,” and modeled using WWHM3 Pro based 
on  a developed  condition basin of  about 0.62  acres.    Land use within  the drainage basin  to 
cell SLP “J” is primarily impervious parking lot.  Both facilities were sized using WWHM‐3 with a 
design  infiltration rate of 1.5  inches per hour (in/hr) and a factor of safety of 4, and both cells 
include 3 inches of bark or wood chip mulch overlying 2 feet of bioretention soil mix, overlying 
native soil.  Cell SLP “I” is designed to infiltrate 100 percent of the annual inflow into the subgrade. 
Cell SLP “J” is designed to infiltrate about 99.9 percent of the annual inflow into the subgrade.  
Based on the infiltration rate assumptions, the design report indicates that cell SLP “J” will infiltrate 
up  to  the  15‐year  peak  flow.    The  facilities were  constructed  and  began  receiving  runoff  in 
November 2013 (Email communication, Dawn Anderson, Pierce County, September 6, 2016). 
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Inflow to cell SLP “I” is from a curb cut in Bresemann Boulevard.  Water can pond up to about 
1.8 feet before overflow back through the curb cut would occur.  There is no designed emergency 
overflow structure in cell SLP “I”.   
 
Inflow to cell SLP “J” is from two curb cuts on the northeast side of the cell.  One of the curb cuts 
includes a small forebay area.  If ponding occurs in cell SLP “J”, the ponded water would discharge 
into an overflow structure.  The rim of the overflow structure is about 1.8 feet above the base of 
the cell.  The overflow structure discharges to Spanaway Lake. 
 
 
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 
facilities in Figure SLP F3 and Figure SLP F4. 
 

 AESI conducted elevation surveys of the facilities using a Leitz C40 automatic level and a 
stadia rod.  An arbitrary project datum was established for these surveys; for each facility a 
nearby feature (indicated on the survey data map included in the Appendices) was defined 
as project datum elevation 100 feet.   All other elevations measured by the surveys are 
relative to these project datum.  Key level data are summarized in Table 1 and Table 2.  
Additional data points are included in Appendix D to this document.  These 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. 
 

 AESI  investigated the  loose bioretention soil thickness present  in the bioretention cells 
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‐foot  spacing along  several  lines 
spanning the base of each facility.  The apparent thickness of bioretention soil generally 
ranged from approximately 1.9 feet to 2.1 feet and averaged 2 feet  in cell SLP “I”, and 
ranged from approximately 2 feet to 2.4 feet in cell SLP “J”, with an average of 2.2 feet.  
Probe penetration data is included in Appendix D to this document. 
 

 Cell SLP “I” Inflow:  One inflow to the facility is present, which consists of a 2.8‐foot‐wide 
curb  cut,  which  discharges  onto  an  approximately  8‐foot‐long  by  5‐foot‐wide 
round‐bottomed trench lined with angular rock up to 1 foot in size.  No evidence of erosion 
was  noted.    AESI  observed  heavy  deposition  of  leaf  litter  up  to  0.3  feet  thick which 
continued in a thick layer to approximately 16 feet beyond the end of the rock‐lined trench, 
and terminated abruptly at this point. 
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 Cell SLP “I” Ponding Depth and Overflow:  No overflows are present for this facility.  Water 
can pool up to the level of the curb cut and then overflow.  The ponding depth, based on 
the curb cut and level survey shots of cell base, ranges from 0.9 to 1.1, with the surface of 
the cell slightly sloping downward to the northeast. 

 Cell SLP “I”:  Pierce County Parks personnel (Rebecca Little, conversation onsite, September 
14, 2016) indicated that historically, ponded water has often been observed in Bioretention 
Area I during winter storms, but typically disappears within the day. 
 

 Cell SLP “J” Inflow:  Two inflows to the facility are present.  These are referred to in this 
report as Inflow 1 (to the south) and Inflow 2 (to the north) as indicated on Figure SLP F4.  
Inflow 1 consists of an approximately 2.1‐foot‐wide curb cut, which discharges onto an 
approximately 4.5‐foot by 8.5‐foot pad consisting of angular cobbles to 1 foot.  Leaf litter 
was observed in this inflow and in the vicinity of the discharge area.  A channel up to about 
1 foot wide and 0.15 foot deep was noted eroded in the surface of the facility base below 
the rock pad.  AESI noted that this inflow was located farther south than shown on plan 
sheet 11 (Pierce County Surface Water Management, undated plan set).  Inflow 2 consists 
of a curb cut leading to a small forebay area, where a second approximately 2‐foot‐wide 
curb cut discharges onto an approximately 4.5‐foot by 6.5‐foot pad consisting of angular 
cobbles to 1 foot.  Leaf litter was observed in this inflow and in the vicinity of the discharge 
area.  A channel up to 0.65‐foot wide and 0.15‐foot deep was noted eroded in the surface 
of the facility base below the rock pad, extending approximately 2.5 feet beyond the rock. 
 

 Cell  SLP  “J” Overflow:   One overflow  is present,  as  indicated on  the  civil plans.    This 
overflow consists of a cement structure with a metal beehive grate which is approximately 
1.65  feet by 1.4  feet.   AESI observed no  indicators of  recent  flow  into  this  structure.  
Stagnant water was present in the sump at 2.89 feet below the rim of the overflow grate, 
below the inlet of the overflow pipe within the sump. 
 

Table 1 
Cell SLP “I” 

Summary of Level Survey Data 

 

Location 
Elevation 

(feet, project datum) 

(S‐1) East corner of northern tree cell  100 

(S‐2) South corner of southern tree cell  99.9 

(S‐3) Center of curb side of eastern storm grate  99.36 

(S‐4) Center of inflow  99.29 

Well point, top of casing  101 

Survey points in base of cell  On site plan in Appendix D 
to this document 
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Table 2 
Cell SLP “J” 

Summary of Level Survey Data 

 

Location 
Elevation 

(feet, project datum) 

(S‐1) Curb corner (indicated on figure)  100 

(S‐2) Curb corner (indicated on figure)  99.88 

(S‐3) Curb corner (indicated on figure)  99.93 

Inlet 2  99.65 

Inlet 1  99.84 

Well point, top of casing  98.98 

Overflow rim  99.33 

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.  Our sources of information included the following. 
 

 Site‐specific documents cited previously under “Project and Site Description.”  

 Walsh,  T.J., Geologic Map of  the  South Half of  the Tacoma Quadrangle, Washington, 
Washington  Division  of  Geology  and  Earth  Resources,  Open  File  Report  87‐3,  scale 
1:100,000, 1987. 

 Geomap NW, Draft Geologic Map for the Tacoma South 7.5‐Minute Quadrangle, Pacific 
Northwest Center for Geologic Mapping Studies, University of Washington, 2006. 

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

 Soil Survey of Pierce County area, Washington, United States Department of Agriculture, 
Natural Resource Conservation Service (NRCS), 1979. 

 Savoca, M.E., Welch, W.B., Johnson, K.H., Lane, R.C., Clothier, B.G., and Fasser, E.T. (Savoca, 
et  al.), Hydrogeologic  Framework, Groundwater Movement, and Water Budget  in  the 
Chambers‐Clover Creek Watershed and Vicinity, Pierce County, Washington, United States 
Geological Survey Scientific Investigations Report 2010–5055, 46 p., 2010. 

 
5.1  Regional Topography and Project Grading 
 
The project  site  is  located on a  low, broad  topographic plateau within central Pierce County.  
Regional surface grades are moderately undulating or hummocky, which is typical for a post‐glacial 
landscape.  Local surface grades are fairly flat across the site, with an elevation of approximately 
350 feet (United States Geological Survey [USGS] datum).  Spanaway Lake borders the site on the 
west and a moderate to steep slope is present at the grade change from the plateau down to lake 
level.   
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Maximum elevation within the park is approximately 350 feet above mean sea level; elevation of 
Spanaway  Lake  is  approximately  320  feet  above  mean  sea  level.    Cutting  to  a  depth  of 
approximately 4 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 Draft Geologic Map of the Tacoma South 7.5‐Minute Quadrangle, the site vicinity 
is  underlain  by  Vashon  recessional  outwash,  specifically  the  outburst  channel  deposits  of 
Vashon‐age Steilacoom Gravel (designated Qvs).  Steilacoom Gravel (map unit Qvs) as described 
below: 
 

 Vashon Recessional Outwash  ‐ Steilacoom Gravel:   This deposit has been described as 
“sandy gravel and openwork cobbly gravel; clean to silty; poorly to well sorted; horizontally 
to cross bedded; loose to dense; distinctive black color.”  Thicknesses can range from 3 feet 
to 80 feet, with a typical value of about 25 feet.  The unit is highly permeable. 

 
No background geotechnical information specific to Spanaway Lake Park was made available to us. 
The geologic mapping is consistent with our general experience in the area and with the material 
encountered in our hand‐auger explorations, discussed later in this document. 
 
5.3  Regional Soils and Soil Data Used in Site Stormwater Model 
 
AESI  reviewed  the Soil Survey of Pierce County Area  (Natural Resources Conservation Service 
[NRCS], 1979) 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 primarily of Spanaway gravelly sandy loam, which is 
formed in glacial outwash.  NRCS describes the permeability as moderately rapid (2 to 6 in/hr) in 
the subsoil (from about 15 to 20 in/hr) and very rapid (greater than 20 in/hr) in the substratum. 
 
As described in the Spanaway Lake Park Stormwater Retrofit Preliminary Design Report (2013), the 
pre‐developed condition was modeled as Type A and B soils.  This is generally consistent with the 
mapped soil and geology data, which indicates that the site is underlain by Type A soils. 
 
5.4  Regional Hydrogeology and Background Ground Water Data 
 
Regional  hydrogeology  is  described  in  Savoca  et  al.  (2010),  Hydrogeologic  Framework, 
Groundwater Movement, and Water Budget in Chambers‐Clover Creek Watershed and Vicinity, 
Pierce County, Washington, USGS Scientific Investigations Report 2010‐5055.  Savoca et al. (2010) 
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indicates that the recessional outwash typically forms a shallow unconfined aquifer across most of 
southwestern Pierce County.  The thickness of the recessional outwash aquifer typically ranges 
from a thin veneer of less than 35 feet to about 150 feet, but is mapped up to about 80 feet thick in 
the project vicinity. 
 
On  a  closer  scale,  the  project  is  located  in  the  Spanaway  Creek  sub‐basin  of  Clover  Creek.  
Spanaway Lake discharges via Spanaway Creek flowing northward, splitting into Morey Creek and 
Spanaway Creek, both of which  join Clover Creek.   Ground water  in  the vicinity of  the site  is 
mapped between elevations of 320 feet (lake level) and 330 feet. 
 
No site background data on ground water was available.   
 
 
6.0  BIORETENTION CELL SUBSURFACE EXPLORATION AND WELLPOINT INSTALLATION 
 
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.  In each bioretention cell, two hand‐auger borings were performed in the facility bottom 
and advanced through the bioretention soil to the underlying subgrade.  An additional hand‐auger 
boring was completed outside the cell, to obtain a sample of 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 testing and study.  At the 
conclusion  of  the  excavation,  each  borehole was  immediately  backfilled with  the  excavated 
material, or completed as a well point and the bioretention soil replaced. 
 
The various  types of sediments, as well as  the depths where characteristics of  the sediments 
changed, are indicated on the exploration logs presented in Appendix 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 SLP F3, "Site 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.   
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6.1  Hand‐Auger Borings in Cell SLP “I” 
 
Hand‐auger borings in cell SLP “I” were completed on August 19, 2016.  No rain was observed 
during this time, and no flow was observed from the inlet pipes. 
 
Hand‐auger  boring  number  1  (SLP  “I”‐HA‐1) was  completed  near  the  inflow  to  the  cell,  and 
encountered  approximately  0.3  feet  of  leaf  litter  and  bark  fragments  overlying  2  feet  of 
bioretention  soil,  overlying material  interpreted  as Vashon  recessional  outwash.    The  native 
material encountered was dark brown in color.  The exploration encountered refusal on cobbles at 
2.4 feet.  No seepage or caving was observed. 
 
Hand‐auger boring number 2 (SLP “I”‐HA‐2) was completed on the side of the cell opposite the 
inflow, and encountered approximately 0.1 feet of leaf litter and bark fragments overlying 2.1 feet 
of bioretention soil, overlying material interpreted as Vashon recessional outwash.  The native 
material encountered was light brown in color.  The borehole encountered refusal on a cobble at 
2.4 feet.  No seepage was observed. 
 
Hand‐auger boring number 3 (SLP “I”‐HA‐3) was completed outside of the cell on the northern 
edge, and encountered 0.1 feet of topsoil overlying 0.8 feet of material interpreted as Vashon 
recessional outwash, which was dark brown in color in this location.  This exploration encountered 
refusal on cobbles at 0.9 feet, with no seepage and no caving observed. 
 
6.2  Hand‐Auger Borings in Cell SLP “J” 
 
Hand‐auger borings in cell SLP “J” were completed on July 28, 2016.  No rain was observed during 
this time, and no flow was observed from the inlet pipes. 
 
Hand‐auger boring number  1  (SLP  “J”‐HA‐1) was  completed near  the  inflow  to  the  cell,  and 
encountered approximately 0.3 feet of leaf litter overlying 1.8 feet of bioretention soil, overlying 
material  interpreted as Vashon recessional outwash.   The exploration encountered refusal on 
cobbles at 2.1 feet.  No seepage or caving was observed. 
 
Hand‐auger boring number 2 (SLP “J”‐HA‐2) was completed outside of the cell on the southern 
edge, and encountered 0.2 feet of topsoil overlying 1.2 feet of material interpreted as Vashon 
recessional outwash, which was dark brown in color in this location.  This exploration encountered 
refusal on cobbles at 1.4 feet, with no seepage and no caving observed. 
 
Hand‐auger  boring  number  3  (SLP  “J”‐HA‐3) was  completed  near  the  facility  overflow,  and 
encountered  0.2  feet  of  leaf  litter  overlying  2  feet  of  bioretention  soil,  overlying material 
interpreted as Vashon recessional outwash.  This exploration encountered refusal on cobbles at 2.2 
feet.  No seepage and no caving were observed. 
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6.3  Well Points 
 

Well points were installed in HA‐2 in cell SLP “I”, and HA‐1 in cell SLP “J”.  Key dimensions of these 
well points are provided in Table 3, below. 
 

Table 3 
Summary of Cell SLP “I” and SLP “J” 

Well Point Dimensions 
 

Well Point 

Exploration 
in which WP 
was installed 

Total Length of 
Casing 
(feet)  Interior Diameter 

Stickup Height 
(feet) 

Total Depth 
Inside Casing 
Below Ground 

Surface 

 
SLP “I”‐WP  SLP “I”‐HA‐2  5.1  1.25 inch nominal  2.7  2.4 

 
SLP “J”‐WP  SLP “J”‐HA‐1  3.2  1.25 inch nominal  0.6  2.6 

 
 

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 for each cell 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  the 
subgrade was tested for grain‐size distribution.  The data is summarized in Table 4.   
 

Table 4 
Summary of Cell SLP “I” and SLP “J” 
Organic Content and Grain Size Data 

 

Exploration 
Number 

Depth 
(feet)  Soil Type 

Organic 
Content 
(% by 
weight) 

USCS Soil 
Description 

Fines 
Content (% 
passing 
#200)  Cu  Cc 

USDA Soil 
Texture* 

SLP “I”‐HA‐1  0.6‐1  Bioretention 
Soil 

2.8  SAND (SP)  0.1  2.4  1.1  SAND 

SLP “I”‐HA‐2  0.6‐0.9  Bioretention 
Soil 

2.3  SAND (SP)  1.8  3  1  SAND 

SLP “I”‐HA‐2  2.2‐2.4  Native  Not 
tested 

Very sandy 
GRAVEL (GP) 

0.4  62.7  1.3  SAND 

SLP “J”‐HA‐1  0.5‐1  Bioretention 
Soil 

2.0  SAND (SP)  0.1  3.2  1.7  SAND 

SLP “J”‐HA‐3  0.2‐0.5  Bioretention 
Soil 

3.3  SAND (SP)  0.3  2.7  1.3  SAND 

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 average organic content and burned fraction gradation against the general 
guidelines for the bioretention soil mix; see Table 5 below.   
 
The organic content of the tested bioretention soils ranged between 2 to 3.3 percent by weight.  
The  recommended  range of organic content by weight  is 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 generally correlate to a “SAND” based on ASTM D2487 USCS.  The respective fines content 
as  measured  on  the  No.  200  sieve  ranged  from  approximately  0.1  to  1.8  percent.    The 
recommended range of fines  is 2 to 5 percent  in the 2014 Ecology Manual.   The coefficient of 
uniformity ranged from 2.4 to 3.2, consistently less than the recommended value of equal to or 
greater  than  4.    The  coefficient  of  curvature  ranged  from  1.0  to  1.7,  consistent  with  the 
recommended range of greater than or equal to 1 and less than or equal to 3.   
 

Table 5 
General Guidelines for Bioretention Soil Mix (2014 Ecology Manual) 

Compared to Averaged Cell SLP “I” and SLP “J” Site Data 

 
Parameter  Recommended Range  SLP “I”  SLP “J” 

Organic Content 
(by weight)  5 to 8 percent  2.6 percent by weight  2.7 percent by weight 

Cu coefficient of 
uniformity  4 or greater  2.7  3 

Cc coefficient of 
curvature  1 to 3  1.1  1.5 

Sieve Size    Percent Passing   

   3/8” (9.51 mm)  100  100  100 

   #4 (4.76 mm)  95 to 100  99.8  99.8 

   #10 (2.0 mm)  75 to 90  99.0  99.1 

   #40 (0.42 mm)  25 to 40  60.3  9.1 

   #100 (0.15 mm)  4 to 10  3.5  0.8 

   #200 (0.074 mm)  2 to 5  1.0  0.2 

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

 
7.2  Subgrade 
 

In SLP “I”, a sample of native recessional outwash was sieved.  The tested material correlates to a 
very sandy GRAVEL, trace silt with 0.4 percent by weight of the material passing the No. 200 sieve.  
 

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 
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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 1 percent for the native recessional 
outwash material. 
 
 

8.0  INFILTRATION TESTING 
 

8.1  General Infiltration Test Method 
 

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.  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 an  irrigation pond on the 
adjacent Lake Spanaway Golf Course.  For cell “J”, located nearest to the fire hydrant, water was 
conveyed to the test area with fire hoses (cell SLP “J”).  For cell “I”, the fire hydrant was too distant 
from the test cell.  The fire hydrant was used to fill an approximately 4,000‐gallon capacity water 
truck, which then intermittently delivered water to an approximately 5,600‐gallon tank which was 
parked next to the facility.  Additional water for testing cell SLP “I” was obtained from the nearby 
irrigation system for the Lake Spanaway Golf Course, and conveyed into the bioretention cell using 
garden hoses provided by Pierce County Parks personnel.   
 

During infiltration testing of cell SLP “I”, 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 onto the base of the facilities.  For testing cell SLP “J”, to maximize possible flow 
rate, the digital flow meter was removed from the hose and flow rate was monitored using the 
hydrant meter at the hydrant.  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, 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.  
 

Infiltration tests in each bioretention cell are discussed below, and results are presented in Table 6. 
Infiltration test data is included in Appendix D to this document. 
 

8.2  Infiltration Test in Cell SLP “I” 
 

AESI performed infiltration testing of cell SLP “I” on September 14, 2016.  No rainfall was noted 
during testing, and no flow from the facility inflow was present.  A staff gauge (SG‐1) was installed 
at the well point prior to testing and a second staff gauge (SG‐2) was installed near the inflow to 
the facility during testing.  Water levels were measured by hand and by data logger in the well 
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point and the wetted pool.  No water was present in the well point or pooled in the cell prior to the 
start of testing. 
 

During this test, during the initial soak period of 4 hours, water was added to the facility at the 
maximum rate possible with the on‐site water source (up to a combined total of approximately 160 
gpm  from  the  storage  tank  and  irrigation water  from  golf  course), which  resulted  in  brief 
interruptions in flow from the water‐truck‐supplied tank, when the tank ran dry.  The discharge for 
water into the facility during the infiltration test was located on the northern side of the facility.  
This location was selected for the inflow during testing because it was the low area and due to 
anticipated difficulty delineating a wetted pool in the thick leaf litter on the facility base near the 
curb cut inflow.  After the initial soak period, flow was maintained at the maximum rate which 
could be  sustained without  interruption  (approximately 106 gpm)  for approximately 4 hours, 
during which the water  level  in the  facility  fell slowly  from approximately 0.3 to 0.26  feet, as 
measured on the temporary staff gauge near the infiltration test inflow, and was then stable at 
0.24 to 0.26 feet.  Only trace water (0.06 feet) was observed on the facility surface in the location 
of the well point, which was present only during a period of maximum possible flow rate prior to 
the constant head phase of testing, and not present during the constant head phase of testing.  The 
full duration of flow was approximately 7 hours, during which approximately 45,000 gallons of 
water were used. 
 

After about 7 hours, AESI shut off the flow and monitored water level as it fell.  AESI observed a 
drop in water levels of approximately 0.22 feet during 4 minutes of hand readings on the staff 
gauge.  Water level in the well point was monitored, but no appreciable change was observed 
beyond trapped water in the end cap.   
 

Table 6 
Cell SLP “I” and SLP “J” 
Infiltration Test Results 

 

  Surface 
Area 

(square 
feet) 

Discharge 
Time 

(minutes) 

Total 
Volume 

Discharged 
(gallons) 

Approximate 
Constant 
Head Level 

(feet) 

Field Infiltration Rates 

Test No. 
and Depth 

Constant 
Head Test 
(in/hr) 

Falling Head Test 
(in/hr) 

SLP “I” 
bioretention 

soil 

200  444  45,139  0.26  48  41 

SLP “I” 
subgrade 

Interpreted 
to be similar 
to wetted 

area       

Assumed to be similar to 
bioretention soil, no overflow. 

SLP “J”  550  503  105,361  0.20  41  59 

SLP “J” 
subgrade 

Interpreted 
to be similar 
to wetted 

area       

Assumed to be similar to 
bioretention soil, no overflow. 

in/hr: inches per hour 
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8.3  Infiltration Test in Cell SLP “J” 
 
AESI performed infiltration testing of cell SLP “J” on September 13, 2016.  No rainfall was noted 
during testing, and no flow from the facility inflows was present.  A staff gauge (SG‐1) was installed 
at the well point prior to testing and a second staff gauge (SG‐2) was installed near the inflow to 
the facility during testing.  Water levels were measured by hand and by data logger in the well 
point and the wetted pool.  No water was pooled in the cell prior to the start of testing.  Prior to 
testing, water was observed at 3.16 feet below the top of the well point; the water was within the 
end cap and is ‘trapped.’ 
 
During this test water was added to the facility at the maximum rate possible using the direct 
connection to the on‐site fire hydrant through the initial soak period and the constant head period. 
 Flow was maintained at approximately 233 gpm for about 8.5 hours, during which approximately 
105,000 gallons of water was used.  Inflow to the facility was directed onto the rock splash pad 
surrounding the northern facility inflow.  During the final 2 hours of testing, the water level in the 
facility was stable at approximately 0.2 feet, as measured on the temporary staff gauge near the 
infiltration test inflow, and water was observed on the surface of the facility in the location of the 
well point to a depth of 0.18 to 0.2 feet, increasing slowly over time.  Water was observed in the 
well point during the constant head phase of testing, and rose to as high as approximately 1.63 feet 
below ground surface.   
 
After about 8.5 hours, AESI shut off the flow and monitored water level as it fell.  AESI observed a 
drop  in water  levels of approximately 0.22  feet during 3.5 minutes of hand  readings.   During 
testing, the water level in the well point was present at approximately 2.2 feet below the top of the 
casing (about 1.6 feet below top of casing) and was stable at this level throughout the final four 
hours of testing.  After inflow was shut off, within about 3 minutes, the water level in the well point 
dropped to 2.67 feet (the approximate base of screen/top of end cap). 
 
 
9.0  CONCLUSIONS AND RECOMMENDATIONS 
 
Cells  SLP  “I”  and  SLP  “J”  varied  somewhat  from  the  design  shown  on  the  civil  plan  sheets.  
Variations included the following: 
 

 Bioretention Soil 
 

o Thickness:  Both cells contained areas where the bioretention soil was greater than 
the planned 2 feet in thickness.  Accumulated leaf/pine needle debris was notable 
in both cells near the inlets, added about 0.2 to 0.3 to the loose soil thickness. 
 

o Composition:  The soil tested in cells SLP “I” and SLP “J” did not meet (contained less 
than) the recommended guidelines for organic content or silt content.  Neither the 
soil from cells SLP “I” or SLP “J” met the recommended guidelines for fine sand; SLP 
“I” had slightly too much material passing the #40 sieve, and SLP “J” had too little 
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BLACK AND WHITE REPRODUCTION OF THIS COLOR ORIGINAL MAY REDUCE ITS

EFFECTIVENESS AND LEAD TO INCORRECT INTERPRETATION.
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Current Study Exploration Logs and 
Laboratory Testing Data 

 



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

Cell SLP”I” and SLP”J” 

Exploration Latitude and Longitude 

Exploration  Latitude  Longitude 

SLP”I”‐HA‐1  47.11406  ‐122.44106 

SLP”I”‐HA‐2  47.11403  ‐122.44102 

SLP”I”‐HA‐3  47.11412  ‐122.44100 

SLP”J”‐HA‐1  47.11349  ‐122.44376 

SLP”J”‐HA‐2  47.11342  ‐122.44375 

SLP”J”‐HA‐3  47.11355  ‐122.44385 

 



Leaf Litter / Bark Fragments

Surface:  leaf litter

Bioretention Soil Mix

Loose, slightly moist, brown, SAND, trace silt; organics present; mostly
medium sand (~76 percent) (SP).

Vashon Recessional Outwash - Steilacoom Gravel
Medium dense, slightly moist, dark brown, very sandy GRAVEL; cobbles
present (GP).
Bottom of exploration boring at 2.4 feet
Refusal on cobbles.  No seepage.  No caving.
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Leaf Litter / Bark Fragments
Surface:  leaf litter, bark fragments

Bioretention Soil Mix

Loose, dry, brown, SAND, trace silt; organics present; mostly fine to
medium sand (SP).

Vashon Recessional Outwash - Steilacoom Gravel
Medium dense, slightly moist, light brown, very sandy GRAVEL;
cobbles present (GP).

Above ground stick up -2.7
feet
Bark fragments 0 to 0.1 foot
Threaded PVC cap

Threaded steel pipe  -2.7 to
-0.5 feet

Bioretention soil mix 0.1 to
2.4 feet

Stainless steel jacket over
stainless steel #60 gauze
welded to perforated steel
pipe -0.5 to 2.0 feet

Threaded steel pipe, 1 1/4
inch ID and end cap 2.0 to
2.4 feet

Solid drive point 2.4 to 2.7
feet

Boring terminated at 2.4 feet.
Well completed at 2.7 feet on 8/19/16.
Refusal on cobbles.  No seepage.  No caving.
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Topsoil
Surface:  grass, moss
Loose, slightly moist, dark brown, SAND, trace silt; organics present
(SP-SM).

Vashon Recessional Outwash - Steilacoom Gravel
Medium dense, slightly moist, brown, very sandy GRAVEL; cobbles present
(GP/GW).

Bottom of exploration boring at 0.9 feet
Refusal on cobbles.  No seepage.  No caving.
Note:  Completed adjacent to cell SLP"I"
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Leaf Litter

Surface:  leaf litter

Bioretention Soil Mix

Loose, slightly moist, brown, SAND, trace silt; organics present; mostly
medium sand (~88 percent) (SP).

Above ground stick up -0.6
feet
Leaf litter 0 to 0.3 foot
Threaded PVC cap

Threaded steel pipe  -0.6 to
-0.3 feet

Bioretention soil mix 0.3 to
2.1 feet

Stainless steel jacket over
stainless steel #60 gauze
welded to perforated steel
pipe -0.3 to 2.2 feet

Native soils 2.1 to 2.9 feet

Threaded steel pipe, 1 1/4
inch ID and end cap 2.2 to
2.6 feet

Solid drive point 2.6 to 2.9
feet

Boring terminated at 2.1 feet.
Well completed at 2.9 feet on 7/28/16.
Refusal on cobbles.  No seepage.  No caving.
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Topsoil
Surface:  grass
Loose, slightly moist, dark brown, SAND, trace silt (SP).

Vashon Recessional Outwash - Steilacoom Gravel

Medium dense, slightly moist, dark brown, very sandy GRAVEL, trace silt;
cobbles (4 inches) present (GP/GW).

Bottom of exploration boring at 1.4 feet
Refusal on cobbles.  No seepage.  No caving.
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Leaf Litter

Surface:  leaf litter

Bioretention Soil Mix

Loose, dry, brown, SAND, trace silt; organics present; mostly medium sand
(~91 percent) (SP).

Bottom of exploration boring at 2.2 feet
Refusal on cobbles.  No seepage.  No caving.
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         Moisture, Ash, and Organic Matter of Peat 
         and Other Organic Soils - ASTM 2974

Date Sampled Project Project No. Soil Description
8/19/2016 BHPS KH150387A
Tested By Location EB/EP No. Depth Bioretention soil mix
MS SLP "I" SLP "I"

Moisture Content SLP"I" Moisture Content SLP"I"
Sample ID HA1 0.6-1.0 Sample ID HA2 0.1-0.9
Wet Weight + Pan 1124.56 Wet Weight + Pan 1211.59
Dry Weight + Pan 1063.82 Dry Weight + Pan 1173.99
Weight of Pan 302.61 Weight of Pan 306.51
Weight of Moisture 60.74 Weight of Moisture 37.60
Dry Weight of Soil 761.21 Dry Weight of Soil 867.48
% Moisture 8.0 % Moisture 4.3

Organic Matter and Ash Content Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 1159.55 Dry Soil Befor Burn + Pan 1222.79
Dry Soil After Burn + Pan 1137.88 Dry Soil After Burn + Pan 1203.14
Weight of Pan 392.14 Weight of Pan 348.66
Wt. Loss Due to Ignition 21.67 Wt. Loss Due to Ignition 19.65
Actual Wt. Of Soil After Burn 745.74 Actual Wt. Of Soil After Burn 854.48
% Organics 2.8 % Organics 2.2

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



Depth (ft)

2.2‐2.4

D10 (mm)

0.446

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 38.1 217.5 27.4 72.6

1 25.4 349.5 44.0 56.0

3/4 19 418.2 52.6 47.4

3/8 9.51 513.8 64.7 35.3

#4 4.76 549.8 69.2 30.8

#8 2.38 578.6 72.8 27.2

#10 2 587.1 73.9 26.1

#20 0.85 643.1 80.9 19.1

#40 0.42 722.0 90.9 9.1

#60 0.25 760.8 95.8 4.2

#100 0.149 783.5 98.6 1.4

#200 0.074 791.0 99.6 0.4

#270 0.053 792.0 99.7 0.3

BHPS

Date Tested

9/15/2016

Total Sample Dry Wt. (g)

794.5

Reference Specification

Not applicable: native material

Sample Source

Onsite 

Soil Description

very sandy GRAVEL, trace silt (GW)

2

Moisture Content (%)

Sample No.

SLP"I"  HA2

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

KH150387A 8/19/2016 GS
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Gravel
Silt or Clay

Coarse MediumCoarse
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Sand



Depth (ft)

0.6‐1.0

D10 (mm)

0.282

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 1.6 0.2 99.8

#8 2.38 4.3 0.6 99.4

#10 2 6.1 0.8 99.2

#20 0.85 174.9 23.5 76.5

#40 0.42 574.8 77.1 22.9

#60 0.25 700.7 94.0 6.0

#100 0.149 734.1 98.4 1.6

#200 0.074 743.4 99.7 0.3

#270 0.053 744.6 99.9 0.1

BHPS

Date Tested

9/15/2016

Total Sample Dry Wt. (g)

745.7

Reference Specification

Bioretention soil mix: burned sample

Sample Source

Onsite 

Soil Description

SAND, trace silt, trace gravel (SP)

0

Moisture Content (%)

Sample No.

SLP"I"  HA1

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

KH150387A 8/19/2016 GS
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Depth (ft)

0.1‐0.9

D10 (mm)

0.182

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 0.0 100.0 #N/A #N/A

#4 4.76 2.4 0.3 99.7 #N/A #N/A

#8 2.38 6.0 0.7 99.3 #N/A #N/A

#10 2 9.7 1.1 98.9 #N/A #N/A

#20 0.85 116.5 13.6 86.4 #N/A #N/A

#40 0.42 483.4 56.6 43.4 #N/A #N/A

#60 0.25 707.3 82.8 17.2 #N/A #N/A

#100 0.149 808.1 94.6 5.4 #N/A #N/A

#200 0.074 839.5 98.2 1.8 #N/A #N/A

#270 0.053 843.5 98.7 1.3 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By

Sample Source Sample No. Soil Description

BHPS KH150387A 8/19/2016 9/15/2016 GS

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Onsite SLP"I"  HA2 SAND, trace silt, trace gravel (SP)

854.5 0 Bioretention soil mix: burned sample

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.
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Diameter (mm) SLP"I"  HA2 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



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

Date Sampled Project Project No. Soil Description
7/28/2016 BHPS KH150387A
Tested By Location EB/EP No. Depth Bioretention soil mix
MS SLP "J" SLP "J"

Moisture Content SLP"J" Moisture Content SLP"J"
Sample ID HA1 0.5-1 Sample ID HA3 0.2-0.5
Wet Weight + Pan 846.74 Wet Weight + Pan 888.05
Dry Weight + Pan 794.37 Dry Weight + Pan 841.52
Weight of Pan 307.39 Weight of Pan 303.77
Weight of Moisture 52.37 Weight of Moisture 46.53
Dry Weight of Soil 486.98 Dry Weight of Soil 537.75
% Moisture 10.8 % Moisture 8.7

Organic Matter and Ash Content Organic Matter and Ash Content

Dry Soil Befor Burn + Pan 835.89 Dry Soil Befor Burn + Pan 934.27
Dry Soil After Burn + Pan 826.11 Dry Soil After Burn + Pan 916.66
Weight of Pan 348.69 Weight of Pan 392.18
Wt. Loss Due to Ignition 9.78 Wt. Loss Due to Ignition 17.61
Actual Wt. Of Soil After Burn 477.42 Actual Wt. Of Soil After Burn 524.48
% Organics 2.0 % Organics 3.2

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



Depth (ft)

0.5‐1

D10 (mm)

0.402

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 0.6 0.1 99.9

#8 2.38 2.2 0.5 99.5

#10 2 4.2 0.9 99.1

#20 0.85 374.7 78.5 21.5

#40 0.42 427.4 89.5 10.5

#60 0.25 457.9 95.9 4.1

#100 0.149 473.4 99.1 0.9

#200 0.074 477.1 99.9 0.1

#270 0.053 477.5 100.0 0.0

BHPS

Date Tested

9/1/2016

Total Sample Dry Wt. (g)

477.6

Reference Specification

Bioretention soil mix: burned sample

Sample Source

Onsite

Soil Description

SAND, trace silt, trace gravel (SP)

0

Moisture Content (%)

Sample No.

SLP"J"  HA1

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Number Date Sampled Tested ByProject Name

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.

KH150387A 7/28/2016 MS

4 3 2 1.5 1 3/4 1/2 3/8 3.5 4 6 8 10 14 16 20 30 40 50 60 100 140 200 270 400 500 635

0

10

20

30

40

50

60

70

80

90

100

0.010.1110100

P
e
rc
e
n
t 
P
as
si
n
g 
b
y 
W
e
ig
h
t

Diameter (mm) SLP"J"  HA1 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



Depth (ft)

0.2‐0.5

D10 (mm)

0.451

Min Max

3 76.1 0.0 100.0 #N/A #N/A

2.5 64 0.0 100.0 #N/A #N/A

2 50.8 0.0 100.0 #N/A #N/A

1.5 38.1 0.0 100.0 #N/A #N/A

1 25.4 0.0 100.0 #N/A #N/A

3/4 19 0.0 100.0 #N/A #N/A

3/8 9.51 0.0 100.0 #N/A #N/A

#4 4.76 2.0 0.4 99.6 #N/A #N/A

#8 2.38 3.6 0.7 99.3 #N/A #N/A

#10 2 5.0 1.0 99.0 #N/A #N/A

#20 0.85 364.7 69.5 30.5 #N/A #N/A

#40 0.42 484.5 92.3 7.7 #N/A #N/A

#60 0.25 505.8 96.4 3.6 #N/A #N/A

#100 0.149 520.7 99.2 0.8 #N/A #N/A

#200 0.074 523.4 99.7 0.3 #N/A #N/A

#270 0.053 523.6 99.8 0.2 #N/A #N/A

0 0 #N/A #N/A

0 0 #N/A #N/A

GRAIN SIZE ANALYSIS ‐ MECHANICAL ASTM D422
Project Name Project Number Date Sampled Date Tested Tested By

Sample Source Sample No. Soil Description

BHPS KH150387A 7/28/2016 9/1/2016 MS

Total Sample Dry Wt. (g) Moisture Content (%) Reference Specification

Onsite SLP"J"  HA3 SAND, trace silt, trace gravel (SP)

524.7 0 Bioretention soil mix: burned sample

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

Everett Office | 2911 ½ 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

Sieve No.
Diam. 

(mm)

Cum. Wt. 

Ret. (g)

% Ret.

by Wt.

% Passing

by Wt.

% Specs. Pass. by Wt.
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Diameter (mm) SLP"J"  HA3 Ref. Spec.

U.S. Sieve Opening in Inches | |U.S. Sieve Numbers Hydrometer

FineFine

Gravel
Silt or Clay

Coarse MediumCoarse
Cobb.

Sand



 

 

 
 
 
 
 
 

APPENDIX C 
 

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

and Laboratory Testing Data) 
 



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

 

 

Approximate location of facilities indicated by red outline 

 

Excerpt from Walsh, T.J., 1987, Geologic map of the south half of the Tacoma quadrangle, Washington 



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

   

Approximate location of facilities indicated by red outline 

Excerpt from Natural Resources Conservation Service, 2016, Web soil survey  



 

 

 
 
 
 
 
 

APPENDIX D 
 

Soil Probe, Level Survey, and 
Field Infiltration Testing Data 

 



SLP “I” Soil Probe Data

Soil Probe and Depth of Loose Soil0.8

SOIL PROBE DATA

2.1

2.0

2.0

2.0

2.0

2.0

2.0

2.0

1.9 1.9

1.9

1.9

1.9

2.1

2.1

2.1

2.1

2.1

2.1

2.1

2.1

2.2

D1



SLP “J” Soil Probe Data

Soil Probe and Depth of Loose Soil0.8

SOIL PROBE DATA

2.0

1.9

2.0

2.0

2.02.1

2.1

2.1

2.1

2.1

2.1

2.4

2.4

2.4

2.3

2.3

2.5 1.2

2.3

2.3

1.5

2.1

2.1

2.7

D1



SLP “I” Level Survey Data

Elevation, Project Datum (see text)

LEVEL SURVEY DATA

98.66

D2

98.25

98.28

98.23

98.12

98.11

98.11

98.36

98.36

98.31

98.41

98.43

98.56

98.78

98.35

98.90

98.48

98.45

98.40

98.34

98.39

98.46

98.33

S-4 (center of 

inflow): 99.29

S-1 (east corner 

of northern tree 

cell): 100.0

S-3 (center of curb 

side of storm 

grate): 99.36

S-2 (south 

corner of 

northern tree 

cell): 99.90

Top of WP 

casing: 100.14



SLP “J” Level Survey Data

Elevation, Project Datum (see text)

LEVEL SURVEY DATA

98.66

D2

100.15

S-2 (curb 

corner): 99.88

98.95

98.6798.48

98.5198.51

98.52

98.49

98.46

98.48

98.44

98.4798.44

98.41 98.34

98.37

98.30

98.30

98.37 98.35

98.42 98.56

99.4498.72

S-1 (curb 

corner): 100.0

S-3 (curb 

corner): 99.93

Top of WP 

casing: 98.98

Inlet 1: 99.84

Inlet 2: 99.65

Overflow rim: 

99.33



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

Cell SLP”I” 
 Level Survey Data 

 

Location 
Elevation  (feet,  project 
datum) 

(S‐1) East corner of northern tree cell  100 

(S‐2) South corner of southern tree cell  99.9 

(S‐3) Center of curb side of eastern storm grate  99.36 

(S‐4) Center of inflow  99.29 

Well point, top of casing  101 

Survey points in base of cell  On site plan 

 
Cell SLP”J” 

 Level Survey Data 
 

Location 
Elevation  (feet,  project 
datum) 

(S‐1) Curb corner (indicated on figure)  100 

(S‐2) Curb corner (indicated on figure)  99.88 

(S‐3) Curb corner (indicated on figure)  99.93 

Inlet 2  99.65 

Inlet 1  99.84 

Well point, top of casing  98.98 

Overflow rim  99.33 

Survey points in base of cell  On site plan 

 
   



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

Cell SLP”I” and SLP”J” 
Probe Survey Data List (Excludes Outliers) 

 

SLP”I”, 
Probe 

Penetration 
(feet): 

SLP”J”, 
Probe 

Penetration 
(feet): 

2  2.3 

2  2.3 

1.9  2 

2  2.1 

1.9  2 

2  2 

2  2.1 

1.9  2.1 

2.1  2.3 

2.1  2.4 

1.9  2.5 

2.1  2.7 

2  2.1 

2.1  2.1 

2.1  2.1 

2.1  2.4 

1.9  2.3 

2.1  2.4 

2  2 

2.1  2.1 

2.2  1.9 

2.1  2.1 

AVERAGE: 
2.0 

AVERAGE: 
2.2 

 







Project Name Receptor Soils

Bioretention 

Soil over Qvs

Project Number KH150387A Testing Performed By ADY/LSN

Date 9/14/16

Weather Clear

Test No. SLP"I" IT‐1

Meter FM7 and FM4

Water Source

Time (24‐hr)
Total 

(min)

Combined

Flow Rate 

(FM4+FM7)

(gpm)

Combined

Totalizer 

(FM4+FM7)

(gallons)

SG‐1

Stage 

(ft)

SG‐2

Stage 

(ft)

Depth to 

water, well 

point (feet)

Wetted area (ft^2) Notes

8:28:30 0.0 13.47 0

FM4 water on (from 

irrigation)

8:53:00 24.5 49.15 338

FM7 water on (from 

water truck)

8:55:00 26.5 86.75

9:00:00 31.5 86.85 877 0.00 0.19

9:15:00 46.5 87.17 2176 0.00 0.13

9:30:00 61.5 86.70 3466 0.00 0.12

9:45:00 76.5 85.87 0.00 0.11

10:00:00 91.5 86.57 6068 0.00 0.11

FM7 increase flow rate 

to 154.5 gpm

10:15:00 106.5 165.58 8430 0.00 0.26

10:30:00 121.5 161.15 10873 0.00 0.24 Dry

10:45:00 136.5 162.27 13318 0.00 0.24

11:01:00 152.5 13.02 0.24

Tanks dry, FM7 water 

off

11:06:16 157.8 0.00 0.14

11:06:39 158.2 0.10

11:06:54 158.4 0.08

11:07:04 158.6 0.06

11:07:19 158.8 0.02 Dry

11:15:20 166.8 13.39 16668 0.00 0.00

Bioretention Hydrologic Performance 

Assessment

Irrigation System, Hydrant + Water Truck 

and Tank

Associated Earth Sciences, Inc.

Kirkland, WA

Appendix D

Infiltration Test Data, SLP"I", Page 1/3

Bioretention Hydrologic Performance Study

Project No. KH150387A



Time (24‐hr)
Total 

(min)

Combined

Flow Rate 

(FM4+FM7)

(gpm)

Combined

Totalizer 

(FM4+FM7)

(gallons)

SG‐1

Stage 

(ft)

SG‐2

Stage 

(ft)

Depth to 

water, well 

point (feet)

Wetted area (ft^2) Notes

11:30:55 182.4 16885 0.00 0.00 Dry 24

Trace water on logger 

in well point

11:50:00 201.5 162.28 17144 0.00 0.00

Tanks refilled, FM7 

water on

12:00:00 211.5 161.48 18783 0.06 0.32

12:10:00 221.5 162.31 20410 0.05 0.32 4

12:20:00 231.5 162.82 22033 0.00 0.32 480

SG‐1 stage fluctuation 

due to debris

12:26:15 237.8

FM7 decrease flow to 

95 gpm; begin constant 

flow from water tank 

(topped off by water 

truck); water truck 

leaving

12:27:00 238.5 0.30

12:28:35 240.1 0.28

12:30:00 241.5 108.91 23528 0.00 0.26

12:45:00 256.5 106.50 25082 0.00 0.24 5 water truck arriving

13:00:00 271.5 106.77 26685 0.00 0.24 157 water truck leaving

13:15:00 286.5 108.86 28283 0.00 0.24 4.8

13:30:00 301.5 106.00 29264 0.00 0.24 5 water truck arriving

13:45:00 316.5 105.31 25488 0.00 0.24 4.8

14:00:00 331.5 107.22 33091 0.00 0.24 4.8 215 water truck leaving

14:15:00 346.5 106.09 34691 0.00 0.24 4.8 215 water truck arriving

14:30:00 361.5 106.37 36263 0.00 0.24 4.8 215

14:45:00 376.5 106.32 38102 0.00 0.26 4.8 215 water truck leaving

15:00:00 391.5 106.76 39483 0.00 0.26 4.8 215 water truck arriving

Associated Earth Sciences, Inc.

Kirkland, WA

Appendix D

Infiltration Test Data, SLP"I", Page 2/3

Bioretention Hydrologic Performance Study

Project No. KH150387A



Time (24‐hr)
Total 

(min)

Combined

Flow Rate 

(FM4+FM7)

(gpm)

Combined

Totalizer 

(FM4+FM7)

(gallons)

SG‐1

Stage 

(ft)

SG‐2

Stage 

(ft)

Depth to 

water, well 

point (feet)

Wetted area (ft^2) Notes

15:15:00 406.5 105.26 41061 0.00 0.26 4.8 215

15:30:00 421.5 107.83 42671 0.00 0.26 215

15:45:00 436.5 108.94 44285 0.00 0.26 4.8 215

15:52:00 443.5 106.41 45046 0.00 0.26 215

15:52:45 444.3 106.00 45139 0.26 215

all water off, begin 

falling head

15:53:10 444.7 0.24

15:53:32 445.0 0.22

15:53:50 445.3 0.20

15:54:17 445.8 0.18

15:54:47 446.3 0.16

15:55:15 446.8 0.14

15:55:32 447.0 0.12

15:55:52 447.4 0.10

15:56:08 447.6 0.08

15:56:24 447.9 0.06

15:56:50 448.3 0.04

End of test, retrieve 

dataloggers

Associated Earth Sciences, Inc.

Kirkland, WA

Appendix D

Infiltration Test Data, SLP"I", Page 3/3

Bioretention Hydrologic Performance Study

Project No. KH150387A



Associated Earth Sciences, Inc. KH150387A Bioretention Hydrologic Performance Study
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Project Name Receptor Soils

Bioretention 

Soil over Qvs

Project Number KH150387A Testing Performed By LSN

Date 9/13/16

Weather Clear

Test No. SLP"J" IT‐1

Meter FM7, Hydrant Meter

Water Source

Time (24‐hr)
Total 

(min)

Flow Rate

(gpm)
Totalizer

(gallons)

SG‐1

Stage 

(ft)

SG‐2

Stage 

(ft)

Depth to 

water, well 

point (feet)

Wetted area (ft^2) Notes

7:33:00 0.00 0.00 3.16

7:35:00 0.00 0.00

7:50:15 25.14 0 0.00 0.00 Water on

7:52:30 24.18 52 0.00 0.00

Increase flow to 51 

gpm

7:54:15 54.10 142 0.00 0.00

Increase flow to 100 

gpm

8:00:00 100.18 699 0.00 0.00

Increase flow to 153 

gpm (max.)

8:17:00 152.17 3248 28

Water off; remove FM7 

to increase possible 

flow rate

8:30:00 230.00 3248

Water on; using city 

hydrant meter to 

monitor flow rate

8:35:00 4260

Water off; adding 

diffuser

8:49:00 187.00 6493

Water on; diffuser 

installed

8:59:00

Water off; removing 

non‐collapse hoses

9:12:45 0.0 205.00

Water on; non‐collapse 

hoses removed, time 

zero

Bioretention Hydrologic Performance 

Assessment

Hydrant

Associated earth Sciences, Inc.

Kirkland, WA

Appendix D

Infiltration Test Data, SLP"J", Page 1/3

Bioretention Hydrologic Performance Study

Project No. KH150387A



Time (24‐hr)
Total 

(min)

Flow Rate

(gpm)
Totalizer

(gallons)

SG‐1

Stage 

(ft)

SG‐2

Stage 

(ft)

Depth to 

water, well 

point (feet)

Wetted area (ft^2) Notes

9:35:00 22.3 0.15 0.18 1.03

Removed kink in fire 

hoses, irregular well 

point water level 

reading, excluded from 

graph

9:41:00 28.3 235.60 13528

9:45:00 32.3 0.14 0.18 1.08 289

Irregular well point 

water level reading, 

excluded from graph

10:22:00 69.3 235.60 22259 0.14 0.18 2.11 442

10:30:00 77.3 0.14 0.18 2.31

10:45:00 92.3 233.00 27189 0.15 0.18 2.12

11:00:00 107.3 230.00 30533 0.16 0.18 2.15 418

11:15:00 122.3 234.00 34363 0.16 0.18 2.18

11:30:00 137.3 233.00 38986 0.16 0.18 2.17

11:45:00 152.3 232.00 41171 0.16 0.18 2.13

12:00:00 167.3 234.00 44642 0.16 0.18 2.19 528

12:15:00 182.3 233.00 48435 0.16 0.18 2.21

12:30:00 197.3 236.00 51981 0.16 0.19 2.23

12:45:00 212.3 233.00 55415 0.16 0.19 2.22

13:00:00 227.3 233.00 58860 0.16 0.19 2.24

13:15:00 242.3 235.00 62245 0.16 0.19 2.15

13:32:00 259.3 235.00 68349 0.17 0.19 2.22

13:45:00 272.3 233.00 69913 0.17 0.19 2.23

14:00:00 287.3 235.00 73586 0.18 0.19 2.24

14:15:00 302.3 235.00 76735 0.18 0.20 2.24

14:30:00 317.3 233.00 80072 0.18 0.20 2.22

14:45:00 332.3 234.00 83551 0.18 0.20 2.26

15:00:00 347.3 233.00 87209 0.19 0.20 2.22 572

15:15:00 362.3 232.00 90538 0.20 0.20 2.28

15:30:00 377.3 231.00 94166 0.20 0.20 2.26

15:45:00 392.3 234.00 97562 0.20 0.20 2.26
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Time (24‐hr)
Total 

(min)

Flow Rate

(gpm)
Totalizer

(gallons)

SG‐1

Stage 

(ft)

SG‐2

Stage 

(ft)

Depth to 

water, well 

point (feet)

Wetted area (ft^2) Notes

16:00:00 407.3 232.00 101340 0.20 0.20 2.23

16:15:25 422.7 ~232 105361 0.20

Water off, begin falling 

head

16:16:03 423.3 0.20

16:16:13 423.5 0.18

16:16:21 423.6 0.16

16:16:36 423.9 0.14

16:16:51 424.1 0.12

16:17:02 424.3 0.10

16:17:13 424.5 0.08

16:17:22 424.6 0.06

16:17:39 424.9 0.04

16:17:47 425.0 0.02

16:18:00 425.3 0.00

16:21:30 428.8 2.67

16:23:30 430.8 2.67

16:34:00 441.3 2.67

17:13:00 480.3 2.67

End of test, retrieve 

dataloggers
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Cell SLP”J” 

 

Cell SLP”I” 
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Cell SLP”J” northern inlet 

 

Cell SLP”J” overflow structure 
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Cell SLP”I” during infiltration testing, with SG-2 visible 

 

Cell SLP”J” during infiltration testing, with SG-1 visible 
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TECHNICAL MEMORANDUM 

 
June 26, 2018 
 

  
To: Mr. Eli Mackiewicz, City of Bellingham 

 
From: Anne Cline, Landscape Architect 

Chris Wright, Soil Scientist 
Raedeke Associates, Inc. 
 

RE: Bellingham Bioretention Hydrologic Performance Study 
Vegetation Monitoring Methods and Results 
(R.A.I. No. 2015-037-001) 

  
 
 

As part of the Bellingham Bioretention Hydrologic Performance Study, we measured and 
described the vegetation communities within each of ten bioretention cells with the Puget 
Sound lowlands.  The purpose of describing the vegetation community composition and 
percent cover is to help assess whether vegetation composition and maintenance may have 
an influence on the ability of the bioretention cell to perform hydrologic control functions.  
We also compared the observed present vegetation community with the original planting 
plan to indicate apparent changes in composition from the original plan. 
 
SUMMARY OF FINDINGS 

• Shrub species are surviving well 

• Herbaceous species less adaptable – depends on irrigation and the wetland indicator 
status of the species selected 

• Plant survival is affected by the native subgrade 

• Complex community site designs tend to reduce to lesser complex composition for 
herbaceous plants 

• Organizational commitment to landscape maintenance tends to be less than needed 
for the plant composition, resulting in mortality of some plants and establishment 
of invasive species 
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METHODS 

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

1. For bioretention units that only had woody vegetation (shrubs and trees), the 
number of stems were counted within the unit (density).   A woody plant is 
considered and inventoried as a single individual, regardless of the number and size 
of stems emerging from a common root system.  A woody sapling/tree with a 
single stem is also considered and inventoried as a single individual.  However, a 
woody sapling/tree with multiple stems may be considered and inventoried as 
multiple individuals if the stems split below 50 centimeters in height (along the 
stem).  In addition to a count of the number of stems within the facility, we 
estimated estimation the percent cover of the woody vegetation within the study 
area.  We recorded the genus and species of the woody plants, as well as the 
wetland indicator status (WIS) of the species observed.  WIS assignment to plant 
species is described below.   
 

2. For bioretention units with only herbaceous plant species, a quadrat along pre-
determined points along a transect line(s) was used to estimate percent vegetation 
cover.  A 25 cm x 25 cm quadrat was used to record the percentage of herbaceous 
vegetation versus the percentage of bare ground that covers each quadrat.  Plants 
were identified to genus and species and note made of the wetland indicator status 
of the observed species.  At a minimum, 25% of the unit was sampled.   
 

3. For bioretetion units with woody and herbaceous species, both sampling methods 
were used.  Stem density was counted for the woody species and quadrats were 
used to estimate coverage of herbaceous vegetation.   

WETLAND INDICATOR STATUS (WIS) 

Native Plants 

Wetland Indicator Status (WIS) is a status used to designate a plant species’ preference for 
occurrence in a wetland or upland based on qualitative descriptions.  The WIS for a given 
species will vary based upon region, with Western Washington being in the Western 
Mountains, Valleys and Coast region.  Using the WIS for the plant species observed 
provides a basis for evaluation of the soil moisture regime and, by inference, an indication 
of the plant species best suited for a given site.   The WIS of plants within our region was 



Mr. Eli Mackiewicz, City of Bellingham 
June 26, 2018 
Page 3 
 
found on the USDA Natural Resource Conservation Service (NRCS 2018a) Plants 
Database.   
 
Below are the categories and definitions for characterizing a plants preference for growing 
conditions:  
 
OBL Obligate Wetland Hydrophyte Almost always occur in wetlands 

FACW Facultative Wetland Hydrophyte Usually occur in wetlands, but may 
occur in non-wetlands 

FAC Facultative Hydrophyte Occur in wetlands and non-wetlands 

FACU Facultative Upland Nonhydrophyte Usually occur in non-wetlands, but 
may occur in wetlands 

UPL Obligate Upland Nonhydrophyte Almost never occur in wetlands 
 
Ornamental Plants 

The USDA NRCS (2018a) assigns WIS to native plants and nonnative plants that occur 
frequently in the natural environment, such as Himalayan blackberry.  In the bioretention 
cells, we found ornamental plant species, as well as native plants, had been installed. Since 
ornamental plants frequently do not have a WIS, we looked for an equivalent native plant, 
so we could assign the plant with a WIS where possible.  For example, multiple varieties 
of red twig dogwood (Cornus sericea), varieties such as mid-winter fire, or the variegated 
dogwood, were recorded in bioretention cells. These varieties do not have a WIS, so we 
assigned the varieties the same WIS as the native red twig dogwood (FACW).  As another 
example, ornamental golden sedge (Carex aurea) was installed in one of the bioretention 
cells.  Native golden sedge grows in Washington State and has a WIS of FACW, therefore 
we assigned the landscape variety the same WIS. 
 
 
VEGETATION RESULTS AND DATA ANALYSIS 

BELLEVUE 145TH PLACE CELL 1 (B145) 

Vegetative cover was measured on July 6, 2016 at Bellevue 145th Place Cell 1.  According 
to our field measurements, the bottom of this cell is approximately 465 square feet.  The 
cell contains both woody and herbaceous vegetation; therefore, both sampling methods 
were used to collect vegetation data.  Cell 1 contains nine woody plants and 33 woody 
stems. Woody cover was estimated at 20%.  Herbaceous vegetation was measured in 117 
quadrats in the cell.   
 
The planting plan for this cell does not reflect the vegetation that is currently present 
within the cell.  Per the provided plan, this cell was intended to have been vegetated with 
herbaceous vegetation.  Currently shrubs and herbaceous vegetation are growing within the 
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cell.  Woody vegetation within the cell was composed of three ornamental ninebarks 
(Physocarpus sp.) (FACW), two Douglas spirea (Spiraea douglasii) (FACW), one dwarf 
artic blue willow (Salix purpurea ‘Nana’) (FAC), and three variegated red-twig dogwood 
(Cornus sericea elegantissima) (FACW).  The ninebark and spirea were not listed on the 
planting plan for the bioretention cell or listed as plants for installation in the landscape 
surrounding the bioretention cells.  The willow and red-twig dogwood were present on the 
planting plan to be installed in the surrounding landscape.  The stem count for the 
dogwood was 33, and the other shrubs were single- stemmed.   
 
Per the provided plan, the cell was planted with a mix of taper-tipped rush (Juncus 
acuminatus) (OBL), slender rush (Juncus tenuis) (FAC), Japanese forest grass 
(Hakonecholoa macra aureola) (FAC), Joe-Pye weed (Eupatorium dubium) (FACW), and 
slough sedge (Carex obnupta) (OBL).  We observed slough sedge and dwarf Joe-Pye weed 
growing within the cell.  We did not record any rush species growing within the cell.   
 
For the herbaceous plants, slough sedge was the dominant vegetation and occurred in 
59.8% of the quadrats.  FACW plants occurred in 12.8% of the quadrats, 3.4% of the 
quadrats sampled contained plants that are FAC, and 20.5% contained plants that have a 
WIS rating of FACU.  Quadrats that contained no herbaceous plants accounted for 24.7%.  
Multiple plants with different WIS occurred within a single quadrat during the study; 
therefore, the total percentage of the WIS for plants often exceeds 100%.   
 
The Bellevue cell is located on a native outwash soil.  The U.S.D.A Natural Resource 
Conservation Service (NRCS 2018b) mapped soils in the area as Alderwood. The native 
soil is considered well-draining. See the Geotechnical Soils Assessment prepared by AESI 
for more information on the soils in the bioretention cell.   
 
Maintenance occurs weekly at this cell.  The cell is weeded of undesirable plants and the 
overflow and inlet are checked for garbage and leaf debris.  This cell is irrigated.   

BLOEDEL DONOVAN PARK WEST CELL, BELLINGHAM (BDP) 

Vegetative cover was measured on July 29, 2016 at the West Cell at Bloedel Donovan 
Park in Bellingham.  According to measurements from the North Shore Water Quality 
Project Parking Lot plan sheet, the cell totaled approximately 615 square feet.  The cell 
contains only woody vegetation; therefore only woody plant and stem data was collected.  
The west cell contains 144 woody stems, and was too dense to differentiate individual 
plants. Overall woody cover was estimated at 100%.  
 
This cell was planted with woody shrubs, per plan (constructed pre 2007).  The woody 
shrubs have done extremely well within the cell.  Growing in the cell are red-twig 
dogwood (Cornus sericeae) (FACW) and cluster rose (Rosa pisocarpa) (FAC).  The plan 
does not indicate how many plants were installed within the cell.   
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The Bloedel Donvan Park cell is located on well-draining outwash soil.  The USDA NRCS 
(2018b) maps the soils in the area of the cell as Squalicum Urban Land Complex.  In our 
study, we found that the regional water table rises in the winter months to within 
approximately 0.5 feet of the soil surface at the bottom elevation of the cell.  Therefore, the 
soil within the cell is saturated during the rainy season.   
 
Maintenance did not occur for several years following the installation of the plants.  After 
the plants became established, maintenance occurred twice a year in the cell to remove 
trash, prune the plants as needed, and mulch.  The cell is not normally weeded, unless a 
noxious (invasive) plant is identified as growing in the cell, then that plant is removed.  
The cell is not currently irrigated, but most likely it was watered the first two years 
following installation.   

ISSAQUAH HIGH SCHOOL CELL #24, ISSAQUAH (IHS) 

Vegetative cover was measured on July 6, 2016 at the Issaquah High School Cell #24.  
According to measurements from the construction record drawings plan sheet, the cell 
totaled approximately 1,020 square feet.  The cell contains only woody vegetation; 
therefore only woody plant and stem data was collected.  The west cell contains 22 woody 
plants and 89 woody stems. Overall woody cover was estimated at 100%. 
 
The planting plan for the cell at Issaquah High School (constructed in 2009) is reflective of 
the plants that were present at the time of our survey.  We recorded red-twig dogwood 
(FACW), dwarf artic willow (FAC), Pacific ninebark (Physocarpus capitatus) (FACW), 
and Douglas spirea (FACW), which were all installed per the approved plan.  We counted 
78 stems for red-twig dogwood and eleven plants.  The other shrubs were single-stemmed.   
 
The only herbaceous vegetation to be installed per plan was hard-stem bulrush 
(Schoenoplecutus acutus) (OBL).  We did not record hard-stem bulrush within the cell.  
Either the cell was not wet enough to maintain the bulrush, which typically grows in 
permanent standing water, it was shaded out by the shrubs over time, or never installed.   
 
The Issaquah high school cell is located on very well-draining outwash soils. The USDA 
NRCS (2018b) mapped soils in the area as Everett very gravelly sandy loam.  
 
This cell at Issaquah High School has never been maintained.   

MILL CREEK COMMUNITY ASSOCIATION CELL 1, MILL CREEK (MCCA 1) 

Vegetative cover was measured on July 8, 2016 at Mill Creek Community Association 
Cell 1.  According to our field measurements, the bottom of this cell totals approximately 
300 square feet.  The cell contains both woody and herbaceous vegetation; therefore both 
sampling methods were used to collect vegetation data.  Cell 1 contains seven woody 
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plants and 45 woody stems. Woody cover was estimated at 60%.  Herbaceous vegetation 
in the cell was recorded within 80 quadrats.   
 
The planting plan for this bioretention cell (constructed in 2013) is vague.  The planting 
plan specifies three variegated red-twig dogwood and seven clumps of moisture loving 
grasses.  We counted four red-twig dogwoods (FACW) and three Douglas spirea (FACW) 
in this cell.   
  
The prominent herbaceous plants in the cell were yellow flag iris (Iris pseudoacorus) and 
slough sedge, both species have a WIS of OBL.  Other recorded herbaceous plants within 
the cell included fringed willow herb (Epilobium ciliatum) (FACW), creeping buttercup 
(Ranunculus repens) (FAC) and wild ginger (Asarum caudatum) (FACU).  
 
Slough sedge or yellow flag iris was counted in 74 of the 80 quadrats; therefore, 92.5% of 
the sampled area contained OBL plants.  FACW plants accounted for 2.5% of the areas 
sampled, 11.3% were FAC, 5.0% were FACU, 1.3% was unidentified, and 10% contained 
no herbaceous plants  
 
Maintenance occurs seasonally at this cell.  The cell is weeded bimonthly or once a month 
if needed, during the summer, and once during the fall and winter months.  This cell is 
irrigated daily in the summer drought months and was irrigated every other day or every 
day from May/ June until mid-October for the first two years following construction in 
May 2014.   

MILL CREEK COMMUNITY ASSOCIATION CELL 2, MILL CREEK (MCCA 2) 

Vegetative cover was measured on July 8, 2016 at Mill Creek Community Association 
Cell 2.  According to our field measurements, the bottom of cell 2 totaled approximately 
285 square feet.  The cell contains both woody and herbaceous vegetation; therefore both 
sampling methods were used to collect vegetation data.  Cell 2 contains three woody plants 
and four woody stems. Woody cover was estimated at 5%.  Herbaceous vegetation in the 
cell was recorded within 57 quadrats.   
 
The planting plan for Cell #2 (also constructed in 2013) specifies installing three 
variegated red-twig dogwood and eight clumps of moisture loving grasses.  Two red-twig 
dogwoods (FACW) are growing in the cell along with a single Douglas spirea (FACW).   
 
Herbaceous vegetation in Cell 2 was comprised of yellow flag iris, cattail (Typha latifolia), 
and lady’s mantle (Alchemilla mollis).  The iris and cattail have a WIS of OBL, and the 
WIS rating for Lady’s mantle is unknown.  We were unable to find a native similar enough 
to lady’s mantle to assign it a WIS rating.  Since the herbaceous vegetation is not identified 
by name on the planting plan, it is possible the cattails were installed. However, most 
likely the cattails became established naturally in this cell.  This was the only cell in the 
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study in which we observed cattails growing, and this was the only cell of the ten that was 
ponded for substantial periods of time during the wet season and early spring. 
 
Within this bioretention cell, 45.6% of the sampled area contained OBL plants, 5.2% 
contained FACW plants, 1.8% contained FAC plants, 6.3% contained FACU plants, 7.0% 
of the quadrats had no plants, 15.5% were unlisted due to the lady’s mantle, and 24.2% 
were unknown (primarily mosses, which were not identified to species).  Five of the cells 
contained no vegetation comprising 8.7%.   
 
Both Mill Creek bioretention cells are located on native till soil, which is a poorly draining 
or slowly draining soil.  The USDA NRCS (2018b) mapped the soils as Alderwood series. 
The cells have a small contributing area in comparison to many of the other cells we 
observed, and are adequately sized.    
 
Maintenance occurs seasonally at this cell.  The cell is weeded bimonthly or once a month 
if needed, during the summer, and once during the fall and winter months.  This cell is 
irrigated daily in the summer months and was irrigated every other day or every day from 
May/ June until mid-October for the first two years following the construction in May 
2014.   

NOLL ROAD ROUNDABOUT, POULSBO (NOLL) 

Vegetative cover was measured on August 4, 2016 at the Noll Road Roundabout 
bioretention cell.   According to our field measurements, the bottom of this cell totaled 
approximately 370 square feet.  The cell contains both woody and herbaceous vegetation; 
therefore both sampling methods were used to collect vegetation data.  The Noll Road 
Roundabout cell contains 34 woody plants and 203 woody stems. Overall woody cover 
was estimated at 70%.  Herbaceous vegetation in the cell was recorded within 100 
quadrats.   
 
Herbaceous vegetation was not specified on the planting plan for installation in the cell. 
Only woody shrubs are indicated on the planting plan. Per plan, red-twig dogwood, 
yellow-twig dogwood, and Pacific ninebark were to be installed in the bottom of the cell.  
We counted 16 red-twig dogwood and 11 ninebark shrubs.  Both dogwood and ninebark 
have a wetland indicator status of FACW.  Other woody species observed in small 
numbers were red alder saplings (Alnus rubra) (FAC), salmonberry (Rubus spectabilis) 
(FAC), red elderberry (Sambucus racemosa) (FACU), snowberry (Symphoricarpos albus) 
(FACU), and blackcap raspberry (Rubus leucodermis) (FACU). This cell was constructed 
in 2010. 
 
All herbaceous species sampled within this cell have self-sowed.  The most dominant 
herbaceous plant was hairy cat’s ear (Hypochaeris radicata)(FACU).  Other herbaceous 
species growing within the cell included fringed willowherb (Epilobium cilatum) (FAC), 
fireweed (Charmerion angustifolium) (FACU), and red fescue (Festuca rubra) (FAC).  
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Within this bioretention cell 25.0% of the sampled area contained FACW plants, 25.0% 
contained FAC plants, greater than 100% of the quadrats contained FACU plants, 2.0% 
were unknown, and 9.0% contained no plants.   
 
Noll Road bioretention cell is located on a native till soil which is a poorly draining soil. 
Soils in the area are mapped as Poulsbo gravelly sandy loam (USDA NRCS 2018b).  This 
is the only bioretention cell with an underdrain in this study.  The underdrain is located six 
feet under the bottom of the cell and between the cell and underdrain is rock for water 
storage.  The other design feature of the cell that aids in drainage is the proximity of the 
inlet to the outlet.   
 
Maintenance occurs at the Noll Road Roundabout two to four times per year. The cell is 
currently irrigated as needed.  We noted an irrigation box on site, but the wiring was 
removed from the box.  It appears the cell was irrigated while the plants were establishing 
after it was constructed in September 2012, and the irrigation was then decommissioned.   

OLYMPIA REGIONAL LEARNING ACADEMY CELL 1-B, OLYMPIA (ORLA 1) 

Vegetative cover was measured on July 26, 2016 at Olympia Regional Learning Academy 
Cell 1-B.  According to our field measurements, the bottom of this cell totaled 
approximately 1,800 square feet.  The cell contains both woody and herbaceous vegetation; 
therefore both sampling methods were used to collect vegetation data.  Cell 1-B contains 9 
woody plants and 33 woody stems. Overall woody vegetative cover was estimated at 80% 
areal cover.  Herbaceous vegetation was measured in 365 quadrats.  
 
This cell is long and narrow, and the herbaceous vegetation on the plan is a mix of native 
and landscape plants.  The planting plan we obtained does not have the grades called out 
within the cell, so the designed bottom grade of the cell is unclear.  When constructed in 
2013, no shrubs were specified to be installed in the bottom of the cell.  We counted nine 
shrubs within the bioretention cell, which were listed in the plant schedule of the planting 
plan for the side walls of the cell.  The shrubs included red-twig dogwood (Cornus 
stolonifera ‘Baileyi’) (FACW), Douglas spirea (FACW), blue arctic willow (Salix 
purpurea ‘Canyon blue’) (FAC), and three landscape variety ninebarks (FACW).  It 
appears plant locations varied slightly from the plan to installation.  This may be due to the 
lack of grades on the planting plan.   
 
Per the planting plan, golden sedge (Carex aurea) (FACW) was planted at the lowest 
elevation of the cell for its entire length.  Other herbaceous plants that were apparently 
installed at the bottom elevation of the cell include hardstem bulrush (Schoenoplectus 
acutus) (OBL) (listed as Scirpus acutus on the plan), frosty curls sedge (Carex Albula) 
(FACW), swordleaf rush (Juncus ensifolius) (FACW), corkscrew rush (Juncus effusus 
Spiralis) (FACW), and Northern Lights hair grass (Deschampsia cespitosa ‘Northern 
Lights’).   
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Overall, the planting plan was installed per plan with a few minor changes.  Hardstem 
bulrush was not recorded in any of the quadrats.  However, we did record slough sedge 
(OBL) in multiple quadrats.  The slough sedge may have been a replacement plant for the 
hardstem bulrush or may have become established naturally.   
 
Fringed willowherb (FACW) was the most commonly recorded herbaceous plant in this 
cell.  Fringed willowherb was not planted in the cell, but likely established naturally.  The 
other possibility is that the volunteer species were transported in with the bioretention soil 
or other soil that may have been used to build the bioretention cell.  Slough sedge was the 
second most recorded herbaceous plant in the quadrats.  The golden sedge was recorded in 
47 of the quadrats or 12.8%, which may indicate the sedge was not as prevalent in the cell 
as planned.  Overall, 29.0% of the quadrats contained OBL plants, FACW plants were 
recorded in 78.3% of the quadrats, FAC plants accounted for 21.9%, and FACU plants 
were recorded in 27.9% of the quadrats.  Upland plants were negligible as they were only 
recorded in 2 quadrats.  Also noteworthy is reed canarygrass (Phalaris arundinacea) 
(FACW) appeared in 50 quadrats.  Reed canarygrass is an invasive species which can 
quickly displace the installed herbaceous vegetation if not controlled.   
 
Maintenance is not regularly scheduled for this cell, but it occurs on an “as needed” basis.  
This cell was hand-weeded shortly after we collected the vegetation data.  This cell is 
irrigated in the summer months.  

OLYMPIA REGIONAL LEARNING ACADEMY CELL 2-B, OLYMPIA (ORLA 2) 

Vegetative cover was measured on August 25, 2016 at Olympia Regional Learning 
Academy Cell 2-B.  According to our field measurements, the bottom of this cell totaled 
approximately 2,775 square feet.  The cell contains both woody and herbaceous vegetation; 
therefore both sampling methods were used to collect vegetation data.  Cell 2-B contains 
179 woody plants and 252 woody stems. Overall woody cover was estimated at 30%.  
Herbaceous vegetation was recorded in 396 quadrats.  
 
The west bioretention cell was planted similarly to the east rain garden (Cell 1-B).  As with 
Cell 1-B, the planting plan did not have any woody plants shown in the bottom of the cell. 
Nevertheless, we recorded 179 woody plants growing at the bottom of the cell. The 
dominant woody vegetation was native willow species (Salix sp.).  No native willows are 
listed on the planting plan; therefore we are assuming the willows established naturally in 
the cell, or came in with the soil.  The non-native blue artic willow is specified on the 
landscape plans.  Different willows species have different wetland indicator status, but the 
predominant willow species in this cell is Pacific willow (Salix lasiandra) which has a 
wetland indicator status of FACW.  Other woody volunteers included black cottonwood 
(Populus balsamifera), red alder, and Himalayan blackberry (Rubus armeniacus), all 
having a WIS of FAC.  A few scotch broom (Cytisus scoparius) plants were recorded, an 
invasive species that is classified as an upland plant (UPL).   
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The herbaceous results in this cell were very similar to Cell 1-B, except the installed curly 
wurly sedge was the most recorded herbaceous plant within 76 cells.  Some of the other 
more commonly recorded herbaceous plants were white clover (Trifolium repens) (FAC) 
in 49 cells, maidenhair switchgrass (Miscanthus sinensis) (FAC) in 45 cells, and slough 
sedge in 41 cells.  
 
Within the bioretention cell, 10.8% of the sampled area contained OBL plants (primarily 
slough sedge), 38.3% of the sampled area contained plants that have a WIS rating of 
FACW, FAC plants comprised 42.6% of the sampled area, and 8.0% of the cells contained 
herbaceous plants that are FACU.  Only one upland species was recorded, and 16.6% had 
no vegetation.  In addition, a few herbaceous plants were unidentified.   
 
Both ORLA cells are located on moderately well-draining native soil. The ORLA cells 
drained at approximately 4 inches per hour.  The USDA NRCS (2018b) mapped the soils 
in the area as Cagey loamy sand with a small area of Yelm fine sandy loam.  
 
Maintenance is not regularly scheduled for this cell, it occurs on an “as needed” basis.  
This cell was in the process of being hand weeded during data collection.  This cell is 
irrigated in the summer months.  

SPANAWAY LAKE PARK CELL I, PIERCE COUNTY (SLP I) 

Vegetative cover was measured on August 19, 2016 at Spanaway Lake Park Cell I.  
According to our field measurements, the bottom of this cell totaled approximately 900 
square feet.  The cell contains both woody and herbaceous vegetation; therefore both 
sampling methods were used to collect vegetation data.  Cell I contains 52 woody plants 
and 213 woody stems. Overall woody cover was estimated at 70%.  Herbaceous vegetation 
was recorded in 213 quadrats.   
 
In general, this cell reflects the planting plan.  The shrub species and quantities are per 
plan, with only minor plant quantity differences.  This cell was planted with primarily 
native plants, except the blue arctic willow.  The Spanaway cells were the only cells where 
we recorded twinberry honeysuckle (Lonicera involucrata) (FAC).  In addition to the 
installed plants we counted five cottonwood saplings.   Although this cell was primarily 
planted with woody species, per plan 25 slough sedge were planted in the cell.  The slough 
sedge was not dominant in the cell appearing in only 5 quadrats; however, it has survived 
without irrigation.   
 
Dandelion (Taraxcum officinales) was the most recorded herbaceous plant within this cell, 
and hairy cat’s ear was the second most abundant.  Dandelions and hairy cat’s ear have a 
WIS of FACU.   
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Within this cell, 2.3% of the quadrats had slough sedge (OBL), 2.8% of the quadrats have 
FACW and FAC plants occurred in the same quantity.  FACU plants occurred in 44.6% of 
the sampled area, and the rest of the cells contained no herbaceous plants.  
 
The Spanaway park cells are located on very well-draining outwash soil.  The USDA 
NRCS (2018b) mapped the soils in this area as Spanaway gravelly sandy loam.  
 
Maintenance occurs yearly in the cells at Spanaway Lake Park through volunteers, and the 
cells are not irrigated and have never been irrigated.  

SPANAWAY LAKE PARK CELL J, PIERCE COUNTY (SLP J) 

Vegetative cover was measured on July 28, 2016 at Spanaway Lake Park Cell J.  
According Spanaway Lake L.I.D. retrofit plan sheet, the bottom of Cell J totaled 350 
square feet.  The cell contains only woody vegetation, as no herbaceous plans were 
specified on the plans; therefore only woody plant and stem data were collected.  Cell J 
contains 28 woody plants and 168 woody stems. Overall woody cover was estimated at 
75%. 
 
The planting plan calls for predominantly woody shrubs.  California gale (Myrica gale) 
was specified on the planting plan, and we did not record any gale within the cell.  Red-
twig dogwood (FACW) and twinberry (FAC) were installed per plan.  We also recorded 
cluster rose (Rosa pisocarpa) in the cell; however, the planting plan specified nootka rose 
(Rosa nuktana) on the side slopes of the cell.  Both roses have a WIS of FAC.   
 
This cell contained a minimal amount of herbaceous vegetation, all of it volunteer plants.  
Per plan, 37 slough sedge, and 21 deer fern (Blechnum spicant) (FAC) were installed in the 
bottom of the cell.  This cell is not irrigated, so most likely the herbaceous vegetation died, 
or was weeded out by volunteers that maintain the cells.  
   
Maintenance occurs yearly in the cells at Spanaway Lake Park by park volunteers, and the 
cells are not irrigated and have never been irrigated.   
 
 
CONCLUSIONS 

The herbaceous plants appear to be more difficult to establish than the woody plants and 
tend to be more sensitive to the hydrologic regime in the cells.  However, the results 
indicate that the species observed trend towards plants with a WIS rating of FAC or 
FACW, when irrigation is present and the bioretention cell is located on an outwash soil.   
Slough sedge seems to be the exception, as it is an obligate plant and was common in 
many of the irrigated bioretention cells.  The cells located on till soils without underdrains 
supported more OBL plants, such as the cattail and iris growing in the Mill Creek cells.  
 



Mr. Eli Mackiewicz, City of Bellingham 
June 26, 2018 
Page 12 
 
The two Spanaway cells that lacked irrigation were mostly comprised of weedy herbaceous 
vegetation.  Without irrigation and on very well-draining soil, it is difficult to support a 
community of plants that have a WIS of FAC or FACW.  In these instances, it might be 
best to install plants more adapted to dry conditions (i.e., those with an indicator of FACU 
or UPL) that are also adapted to survive brief inundation in the winter months.   
 
Although herbaceous vegetation is more difficult to establish in bioretention cells, 
herbaceous vegetation plays an important role in maintaining the tilth of the soil with the 
roots and adding organic matter through the senescing of the plants.  The herbaceous plants 
also add visual interest to bioretention cells.  
 
Maintenance in the cells varies greatly. Several cells receive monthly maintenance, while 
some are only maintained yearly.  Many cells are considered landscape features and are 
weeded regularly.  We also viewed cells where the plants were sheared and plant suckers 
removed.  No studies have been done determining if a more constant maintenance regime 
may result in the compaction of the soils due to frequent walking within the cell.  The most 
important maintenance item is the removal of trash and garbage from cells which may clog 
the outlet or inlet.   
 
Many of the cells are part of a landscape, and therefore maintained like a landscape 
through weeding and pruning.  However, weedy plants aren’t always detrimental, because 
the roots of all plants aid in maintaining the infiltration of water.  It is a fine line between a 
plant considered “weedy” and a plant that is invasive and outcompete all installed plants 
within a cell, such as reed canarygrass.  A standard will need to be established for each cell 
for acceptable limits of weeds depending on the surrounding landscape of the cell, and the 
desired appearance of the cell.   
 
We talked to multiple ground maintenance professionals during the course of finding 
suitable cells.  In general, maintenance professional would prefer a lower to no-
maintenance cell. The most preferable cell would be one that could be mowed.  Multiple 
groundskeepers mentioned recurring problems, such as die-off of plants, having to replant 
the cells with expensive herbaceous plants, shrubs growing too large and obstructing 
views, and constant weeding.  Cells should be designed to minimize maintenance.   
 
The native woody shrubs tend to be very reliable in the bioretention cells; however, native 
shrubs, in general, are large plants.  If visibility is desired through the cell (such as in a 
high school parking lot), smaller shrubs may be more appropriate within bioretention cells. 
The other option would be to install shrubs that can be completely cut back every few 
years, such as red twig dogwood. This method could be used to keep the shrubs smaller.  If 
cutting back of shrubs is desirable, maintenance personal will need to be informed on how 
to do this and when.  In such cases, it may be beneficial for bioretention cells to have 
contingency plans in case of failure and instructions on maintenance of the cells.   
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Finally, the degree to which shrubs maintain infiltration capacity over time, versus the 
reduction of infiltration by siltation, needs further study (cf. Le Coustumer et al. 2012, 
Virahsawmy et al. 2014, Livingston 2015). 
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MEMORANDUM 

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

Results 
 
For Task 5 of the Bioretention Hydrologic Performance Phase II 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.  WWHM2012 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 WWHM2012.  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 WWHM2012 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 

Site 
Drainage 
Area (ac) 

Top 
Area 
(ft2) 

Bottom 
Area 
(ft2) 

Bottom to 
Drainage 

Percentage  

Overflow 
Height 

(ft) 

Modeled 
Depth 

(ft) 

Native Soil 
Infiltration 

(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 3.4 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 
question 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 

Site 
Layer 1 

Soil 
Layer 1 

Depth (ft) 
Layer 2 

Soil 
Layer 2 

Depth (ft) 
Layer 3 

Soil 
Layer 3 

Depth (ft) 

Native Soil 
Infiltration 

(in/hr) 
B145 ASTM15 1.6 ASTM4 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 ASTM4 0.8 ASTM4 0.7 None 0 0.04 
MCCA2 ASTM1  1.0 ASTM12 2.4 None 0 2 
ORLA1 ASTM2 1.3 ASTM24 2.1 None 0 23 
ORLA2 ASTM2 1.3 ASTM24 5.0 None 0 4 
NOLL ASTM60 1.5 Gravel 1.1 None 0 0.01 
SLPI ASTM2 0.3 ASTM50 1.7 Gravel 0.4 40 
SLPJ ASTM2 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.  WWHM2012 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 WWHM2012 project site map (see Figure 1 for an example).   
 
 

 
 
Figure 1.  WWHM2012 Project Site (MCCA2) in Snohomish County 
 
The MCCA2 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. 
 



 
 
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. 



 

 
 
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 WWHM2012 
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). 
 
  



 
 
Figure 4.  WWHm2012 Land-use Element 
 

 
 
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. 
 

 
 
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 
SLPJ 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 S vs 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.  WWHM2012 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 WWHM2012 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. 
 
  



B145: Bellevue, King County 
 

 

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. 



 

Figure B145-1.  B145 Daily Inflow Volumes 
 

 

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. 
 

 
 
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. 
 
  



BDP: Bellingham, Whatcom County 
 

 

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. 



 

Figure BDP-1.  BDP Daily Inflow Volumes 
 

 

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 dry 
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.  
 

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

  



IHS: Issaquah, King County 
 

 
 
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. 
 
 



 
 
Figure IHS-1.  IHS Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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. 
 
 
  



MCCA1: Mill Creek, Snohomish County 
 

 
 
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 MCCA1. 
 
MCCA1 has no surface outlet but overtops the site at 0.3 feet above the surface bottom.  All of the 
inflow to MCCA1 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 MCCA1 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. 
 
 
  



 
 
Figure MCCA1-1.  MCCA1 Daily Inflow Volumes 
 

 
 
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. 
 

 
 
Figure MCCA1-3.  MCCA1 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. 
 
 
 
 
  



MCCA2: Mill Creek, Snohomish County 
 

 

The MCCA2 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 MCCA2 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. 
 

 

  



 
 
Figure MCCA2-1.  MCCA2 Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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 MCCA2 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. 
 
  



ORLA1: Olympia, Thurston County 
 

 

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. 
 
  



 
 
Figure ORLA1-1.  ORLA1 Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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. 
 
 
 

 

  



ORLA2: Olympia, Thurston County 
 

 
 
The ORLA2 bioretention site is located in Olympia, Thurston County, Washington.  The drainage area to 
ORLA2 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. 
 
 
 



 
 
Figure ORLA2-1.  ORLA2 Daily Inflow Volumes 
 

 
 
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).   
 

 
 
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. 
 
 
 
  



NOLL: Poulsbo, Kitsap County 
 

 
 
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 
ASTM60 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. 
  



 

 
 
Figure NOLL-1.  NOLL Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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.   
 
 
 



 
 

 
 
Figure NOLL-4.  NOLL Daily Underdrain Discharge Volumes 
 

 
 
Figure NOLL-5.  NOLL Daily Simulated Inflow and Underdrain Discharge Volumes  



SLPI: Spanaway, Pierce County 
 

 

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. 
 
  



 
 
Figure SLPI-1.  SLPI Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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. 
 
 
 
 
  



 

SLPJ: Spanaway, Pierce County 
 

 
 
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 ASTM60 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). 
 
 
 
 



 
 
Figure SLPJ-1.  SLPI Daily Inflow Volumes 
 

 
 
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. 
 

 
 
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 WWHM2012 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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