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1. Abstract Surface - OPTIMAL URBAN TERRE-AQUA-SYSTEM: 20% Treatment

The conversion of forested areas to impervious surfaces, lawns and pastures Interception: G, runoff (mm) / T T y CAN WE SUSTAIN TERRESTRIAL AND AQUATIC _
alters the natural hydrology of an area by increasing the flashiness of stormwater % P-C; R " ;o BWE * ECOSYSTEM HEALTH THROUGH EFFECTIVE URBAN ;
generated runoff, resulting in increased streamflow peaks and volumes. 2 3 : . " 5
Currently, most of the stormwater from developed areas in the Puget Sound Impervious Surface Layer Pervious surface os - . STORMWATER MANGEMENT" V
region remains uncontrolled. The lack of adequate stormwater facilities along Layer: Unsaturated 7t e——" m—— I A ' * e 2
with increa-sing urbanization and popglation growth illustrates the importance of Root Zo_ﬂe: S | 810 CELL \1’ p 5. Biological and Terrestrial Health _ s
uhnde_rstandmg Erban vv_atehrshedl behaworhz_;md ngt manggerTent dpra(I:tlces gBM; S) Storm l,D(l-Fg) D l, D(1-F,) Interception: C The Benthic index of Biological Integrity (B-1BI) in streams is correlated with the (a) | S - | (d)
that improve changes in hydrology. In this study, we developed a lumped urban Drain : Storm _ R, ™ P-C, following hydrologic indices in Puget Sound Low Lands: (DeGasperi et al., 2009: Uban S5 10x5 10x10 15¢10 15x15 20x15 20x20 ._
ecohydrology model that represents Vegetatlon dynamlcs, connects PErvIious and Tnterfl R g Drain <€ r Ponding Layer Ul D009- see Tl 2) Bio Cell Size (f0) Urban  5x5 20 10x5 ZOT]Oxth_ZOtl;XIO 20 1515 20 20x15 20 20x20 20
impervious surfaces and implements various BMP scenarios. The model is SULTONT =l tolg . I Di TR High Pulse Count (HPC): number of da . . '
: : ) . ; ys each water year that discrete high pulses .
|mplemente_>d In an urban headwater suk.)ca.tchment located In the Newaukum DF, DF . Betvions sarhee Layer occur above 2 X long-term mean 40% Treatment
Creek Basin. We evaluate the hydrologic impact of controlling runoff at the 1 —————bl Basin Unisturated Root Zode.s| | Z* -High Pulse Range (HPR): range of days between first and last high pulse flow in _ _
source and disconnecting impervious surfaces from the storm drain using rain Outlet water year. -
barrels and bioretention cells. BMP scenarios consider the basin’s land use/land LEAK 1 Dl simulations: Urban no treatment: forested: Urban with bioretention treatment. The -
COVERE, e ESPONSE o dlffere_nt IRereus Sires Bpes thg_pot_e JED Liel _ treatment conditions apply a single bioretention cell to intercept runoff from 1,000 ft? “
BMP plgcement, the size and drainage area for BMPs, and the mitigation needs Baseflow Reservoir: S, : of impervious area. Terrestrial health was evaluated by comparing the long term _ F
10 S 1THETEE) 10 geslls kb w kg LI |l‘|||| “ ‘“| Gl 4 mean total leaf area index (LALI) for the various scenarios. ‘ i o itan 0 ramen

e e R B~ S s i ‘ : $20% ticard
A 60% treated
2- StUdy Site 5x5 | 10x5 I.I(}xl(} | 1.5}{10 | 15x15 I20x15 I20X20
The Green-Duwamish Watershed is located east of the Cascade Mountains in Bio Cell Size (11

’-—-Modol;d . | “ (b) ? — ’ ? ' : " V | | | " [—Modeled Ii Table 5. HPR fOI’ lei;/Poor

Poor
® Observed | ===Observed |

Table 4. HPC for bioretention scenarios bioretention scenarios Poor/VeryPoor 60% Treatment

| Daily NS 075 A i Very Poor

Washington and empties into the Elliot Bay of the Puget Sound. Newaukum
Creek Is a southern tributary in the Green-Duwamish Watershed that flows from
the mountains east of Enumclaw into the middle Green River. The catchment of
Interest i1s Newaukum Urban located at the headwaters of Newaukum Creek
basin, in the city of Enumclaw (Figure 1). The basin is approximately 1 km? and

HPC HPR
Treated Treated
Area 40% Area 40% 60%
5X5 18.58 5X5 315.17 | 326.33
10X5 9.00 10X5 254.75 | 262.08 _
10x10 7.67 10x10 212.00 | 199.08 - : B 0% et
15x10 7.83 15x10 213.33 | 199.50 ©. . . . . . T YTy p—————
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Is highly developed with 93.5% of the area urbanized (Figure 2) and 70% covered
by impervious surfaces (Figure 3).
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Figure 6. 3-yr model calibration.(a) Observed and modeled runoff, (b) daily 1:1 plot, (c) flow duration curve
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4. Urban Ecohydrology Model (UEM) 6. Bioretention Cell Performance —

. — ive LA 97, : ' ' W
This study develops the lumped Urban Ecohydrology Model (UEM) (Figure 4) The forested and Urban no treatment condition HPC and HPR - —TotlLAl > ' e 3050 - - meciiy
to simulate the urban landscape and examine the impact of bioretention stormwater values are presented in Table 3. The HPC and HPR values of the . @ "

treatment at the catchment scale. The depth averaged soil moisture in the root zone QLo antl LIEW) imuEilons esiimtle Une GUTEH Helersiise
layer is calculated by the mass balance equation: health to be “Very Poor’. The indicators for the forested conditions

e did not fall within the range of indicator values from the Puget Sound

”ng:[ f(s,p,V)—ET(s,V)—D(5)] (1) lowland study (DeGasperi et al. 2009, Horner 2012) , but resulted in

The model calculates the water balance components for the catchment pervious values lower than “Good” and “Fair” stream conditions. i, ' o 3 U | /\A/ /\L A

. . I I I I 2
surfaces and bioretention cells as follows: ~ While keeping the ratio of one bio cell for every 1,000 1t of o) M/\M/\/\// =
Impervious area, we varied the size of the bio cells and the fraction of . . | . i il . . .
(2) 2003 2003.5 2004 2004.5 2(?03.8 2003.802 2003.804 2003.806 2003.808 2003.81 20003.8 2003.802 2003.804 2003.806 2003.808 2003.81

P—-C,)*(IMP, — EIA ) i ] ) )
( ) *(UMFjrac rac) the impervious area treated to evaluate the most effective bioretention vears vears

1 — IMPfrac — Biofrac : . : : :
T T (3) treatment scenario for improved biological and terrestrial health. | _ | . { ee 167

Runoff / Inflow into Bio Cell R, =(P—C,)* ElAfrac * (1— LEAK) Figure 7 (a-f) shows the HPC, HPR and mean LAI values for the —TlA st (C) " HPC: 7.67 (d) i HPR:21325

Total LA HPR: 212.0

various bioretention scenarios. Table 4 and 5 present the associated - Soil Moisture

Pervious Surface . :L(P—f ) (1 —IMFfrac - Biofrac) p>f (4) stream condition, designated by color, for each scenario’s indicator
Runoft S 0 p<f results.
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. For all three treatment area scenarios, the HPC and HPR values
Baseflow R, ={7Sg} (1 - IMPfrac — Biofrac) (5) Initially decrease as you increase the size of the bioretention cells
: until they reach a threshold of effectiveness and increase again. The myr Ll OV (e A DL TR M A, Lt |
Overflow from bio cell L 0 Pond,,,,, < Pond,,, most effective size in all treatment area scenarios is a 10x10ft bio cell i L | | e 2 | . Jv V\L | "
. R, = (6) ) ) : L
connected to storm drain Inflow — PondMax PondS >P0ndM“x ror every il"ooo ft2 Ofr:mperVIOUS arsa’_l_rﬁdubcmg IHP(I: a?d H-l;)R to 1t’s 20100 20'02 20'04 20'08 20110 0 2003 802 2003 804 2003 806 2003.808 20038° 20038 2003.802 2003.804 2003.806 2003 608 2003 .81
owest value given the area treated. The best level of performance Years

(7) from the scenarios improved the current stream health from “Very —
Poor’ to ‘Fair’. Figure 8 (a-d) compares hourly modeled runoff for — Live LA
the Urban with no treatment, Forested, optimal treatment (10x10, —
40% of basin treated) and maximum treatment (20x20, 60% of basin
treated).

The mean unit LAI for the bioretention cells decrease with
Increasing cell size as expected given that less water is received by
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K - (1-IMPfrac — BIOfrac)+ D,, - (BIOfrac) s=1
K 5" (1- IMPfrac - BIOfrac)+ D, (BIOfrac) s, <s<1

Drainage D=

Total Streamflow R=R, +R. +Ry (8)

/. Summary

This study develops a lumped Urban Ecohydrology Model (UEM) to simulate the hydrology of
urbanized catchments and examine the effectiveness of bioretention treatment on improving stream

The model also includes a dynamic vegetation component that updates the amount
of biomass and LAI below and above ground (Istanbulluoglu et al. 2012, Figure 5).
The UEM with no bioretention cells is calibrated to 3 years of hourly observed

-
Soil Moisture

Leaf Area Index

-

AN R SR, streamflow data. The calibration parameters of the model are Fg (0.87), Variable each unit as the footprint of the cell gets larger. The mean unit LAI / | conditions and watershed health. We simulated catchment conditions as Urban with no treatment,
Figure 2. Newaukum Urban Land Cover Figure 3. Newaukum Urban Impervious Infiltration Capacity (VIC) b-shape parameter (0.3), and T (18 hrs). Fg controls the for the pervious e LI G e the b!o cell gets larger, but | N s | Url?an W_ith bior_etention treatment _and forested/pre-developmer_\t Condition_s- By implementing
(King Co, 2007 land use cover) Surfaces (King Co, 2009 Imp Coverage) fraction of drainage water directly contributing to groundwater and T controls the decreases as the fraction of the basin treated increases. The mean LAl , various bioretention treatment scenarios, we have made the following observations:

reservoir drainage timescale. Model calibration was performed using flow duration scaled to the basin (includes bio cell and pervious area) also increases . Increasing the size of bioretention cells for the same treatment area reaches a threshold of

3. Data Sources curves and the Nash-Sutcliffe (NS) model efficiency coefficient to match the with increasing cell size, but the difference between the fraction of _‘ ,A 77 ff effectiveness for stream health improvement.

Field photos of : L i i , , Frr : : : :
Hourly streamflow data at the Newaﬁkum Urban modeled runoff to observed (Figure 6, a-c). Our model calibration assumes the basin treated decreases as the cell size gets larger. F 13:151‘28322"’:?3 . Mean basin LAI does not have the same threshold effect, but differences in LAI for fraction of

outlet of the Newaukum Urban basin neighborhoods groundwater storage bypasses the Newaukum Urban outlet and joins the channel | =i basin treated diminishes as bio cell size increases.

was obtained from King County, (Taken 10/2/2012) network farther downstream in the basin. Table 1 presents the water balance Stream ~‘ ' . Although there is some improvement with reduced HPC values, it is not possible with

: : B-1BI Goal . HPC HPR . , : . : :
Hourly precipitation and air components of the model. We used the model to simulate the catchment hydrologic Condition bioretention cells alone to improve the stream conditions of such a highly urbanized catchment
from ‘Very Poor’ to ‘Good’.

temperature data were obtained from response for 12 years of hourly observed precipitation data. The rainfall-runoff Table 2. Hydrologic > 35 Good 3.0-7.0 90— 110 ! _ o _ o
King County’s Enumclaw rain gage depth analysis (Boyd et al. 1993) estimates the EIA to be 20% of the basin. Indicator ranges 30 - 35 Fair 2.0—8.7 34— 168 Further assessment of Implementation feasibility and cost effectiveness of scenarios Is
necessary to determine the best treatment scenario for the catchment.

: n.kin ntv.aov/wir 24 - 29 Poor 7.3—-10.7 115-178 ) o ) i
(http://gree geounty.gov/ Implementing additional best management practices or low impact development where

' <16 Very Poor | 10.0-22.0 160 — 306
/:thigiirﬁz/hﬁggo\%/s)' g:t:ﬁ;?égg :SOIE;: Urban (3 yr Y appropriate may be able to reduce the HPC and HPR to further improve watershed health.

Washington ~ State  University calibration) Forested Obs 3- |Urban (3yr| Urban
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