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Approach 1: Streamflow record analysis
The streamflow record analysis uses observed hourly streamflow data to establish BMP
scenarios and costs needed to capture calculated surface runoff volume. Data for Newaukum
Urban was collected at the outlet of the basin from 03/21/2001 to 10/13/2004 during the GreenDuwamish Watershed Water Quality Assessment (GDWQA).
Surface Runoff from Hydrograph
The volume of surface water is estimated by subtracting calculated baseflow from the observed
hydrograph using a recursive digital filter method for baseflow separation (Nathan and
McMahon, 1990; Chapman, 1991). Estimating surface water runoff identifies the volume of
water that can potentially be captured by BMPs to meet flow targets.
Next steps:
• What volume of hydrograph must be captured to meet flow targets?
• Route surface runoff through BMP scenarios
	
  	
  	
  	
  	
  	
  

Approach 2: Landuse response to rainfall
The land use approach uses observed precipitation data to establish BMP scenarios and costs for
rainfall and surface runoff storage. This approach will consider the response of different land
cover types to precipitation across the basin.
Contributing Basin Area to Runoff
A rainfall-runoff depth analysis of storm events is used to estimate the effective contributing area
of the basin and the initial abstraction of impervious surfaces (Boyd et al. 1993, 1994). The
analysis evaluates the runoff depth of each storm as a function of the storm’s precipitation depth.
The slope of the relationship estimates the fraction of the basin that contributes to runoff and the
rainfall axis intercept estimates the initial abstraction that must be satisfied before runoff can
occur.
Storm events were calculated by summing consecutively occurring hourly precipitation.
Individual storm events were separated by 24 hours of no precipitation. Due to the
responsiveness of our basin, we assumed the runoff event occurred during the same time period
as the precipitation event. Plotting the full range of observed storm events estimates an initial
abstraction as 4 mm.

This study performed separate analyses for the dry season (fall/summer), wet season
(spring/winter) and full range of data. The seasonal analysis focused on surface runoff with
baseflow removed. Results from the rainfall-runoff depth plots with the initial abstraction
removed are shown in Figure 1(a-c).
Rainfall-runoff depth plots estimated approximately 15% of the basin contributes to runoff in the
summer and 16% in the winter. Over the full range of data, the basin contributes slightly more
than 15%. These results can be used to develop BMP scenarios for treatment of various
contributing basin areas.
Figure 1(a-c). Rainfall- runoff depth plots

Figure 1a. Dry season (summer/fall) storm events

Figure 1b. Wet season (winter/spring) storm events

Figure 1c. All storm events
Table 1 presents the area of the impervious land use categories and the fraction of the basin they
cover. The total impervious area (TIA) calculated from spatial data is 70% of the basin, while the
estimated contributing area of the basin ranges from 14-16%.

Table 1. Impervious land cover area and fraction of basin
Runoff Model
The model assumes BMPs will be designed to treat stormwater runoff generated from
impervious surfaces only. An initial assumption that all impervious surfaces generate runoff,
calculates volume of runoff at a given time as:
Q(i)=P(i)*TIA
P is hourly precipitation
TIA is the total impervious area

Figure 2. Runoff generated from TIA, 70% of basin
Figure 2 shows the modeled runoff from the TIA in the basin. The calculated TIA runoff is
significantly different from the observed data, deeming it necessary to calibrate the modeled data
to the observations. Volume of runoff generated from impervious surfaces becomes:
Q(i)=c*P(i)*TIA
c is a calibration coefficient
The contributing fraction of the basin is calculated as:
F=c*TIA/Ab
F is the contributing fraction of the basin
Ab is area of basin
The calibration coefficient accounts for losses from non-effective impervious surfaces in the
basin. Figure 3 and 4 plot the cumulative sums of the modeled and observed daily and hourly
data, respectively. The daily modeled data was calibrated after the removal of the 4mm initial
abstraction estimated in the rainfall-runoff analysis described above. The daily modeled data
calibration coefficient is 0.285, resulting in a contributing basin fraction of approximately 20%.
The hourly modeled data calibration coefficient is 0.19, resulting in a contributing basin fraction
of 13%. The difference can be attributed to not including initial abstraction in the hourly data.

Figure 3a. Calibrated cumulative sum plot for modeled and observed daily runoff. c=0.285,
F=0.20

Figure 3b. Calibrated modeled and observed daily runoff . c=0.285, F=0.20

Figure 4a. Calibrated cumulative sum plot for modeled and observed hourly runoff. c=0.19,
F=0.13

Figure 4b. Calibrated modeled and observed hourly runoff . c=0.19, F=0.13
The generated surface runoff will be forced through a low impact development treatment train as
shown in Figure 5.

Figure 5. Natural Drainage Treatment Train

Rainbarrel Model
Rainbarrels are modeled to capture storm water runoff from rooftops within the basin.
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Table 2. Rainbarrel dimensions

Assume each rainbarrel treats 400 ft2 of
rooftop
~ 2,714 rainbarrels to treat total impervious
rooftop area
~516 rainbarrels to 19% of rooftop areas

Bioretention Model: Bucket Grassland Model (BGM)
Bioretention cells are modeled using a modified lumped bucket hydrology model, the Bucket
Grassland Model (BGM) (Istanbulluoglu et al., 2012), Figure 6. Our modifications include an
underdrain storage layer below the unsaturated root zone and a ponding layer above the soil
layer.

Rs: Direct surface runoff.
Rq: Throughflow, lateral flow, or
quick flow.
Zr: root zone depth
Rb: base flow
D: Percolation, leakage, or drainage
from the root zone
Fg: fraction of the leakage that goes
to the groundwater reservoir

Figure 6. Conceptual representation of the processes in the BGM model
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Table 3. Bioretention cell dimensions

Initial model run

758 parcels in Newaukum Urban
Average area of impervious surface (non-roof) per
parcel is 0.21 acres
Bioretention design area of 0.1 acres
~ 1,516 bioretention cells to treat all roads and other
impervious area
~758 bioretention cells to treat 19% of roads and other
impervious area. Approx 0.04 acre drainage area to
bioretention cell

Figure 6 plots the initial BMP simulation for a contributing basin area of 13%, or 19% of the
TIA.

Figure 6. BMP treatment runoff, 19% of impervious area and 13% of basin
Next steps:
• Identify different impervious area treatment scenarios
• Finalize representative BMP size
• Run model for various impervious areas and BMP scenarios to meet flow targets
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