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RECARGA Background

e Hydrologic modeling of Bio/Infiltration systems

— Quantity ponding, infiltration, overflow, ET,

and recharge

* Does not directly model water quality but many
inferences on water quality performance can be
obtained from quantifying runoff reduction and

adsorption / filtration
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Table 2.1 Typical Pollutant Removal Rates for Bioretention Facilities

Pollutant Removal Rate (%)
Total Suspended Solids (TSS) 202
iU, Zn, Pl =a53
Total Phosphorus B0
Taotal Kjeldahl Mitrogen B5-754
Arnmonium B0-Bo*
Organics g2
Bacteria =l
1. Data Compiled by Wisconsin DMR (Bioretention Tech. Note 1004, draft)
2. Prince Georga's County, Md., Department of Environmental Resources, 1999

3. Daviz et al. 2003
4, Daviz et al. 2001




*Work best
in well
drained
soll.

* Small
drainage e
area.

e Extra storage layer
and and underdrain
*Reduces ponding
time

*More groundwater
recharge

eJust use as Filter
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RECARGA Versions

e Version 1.0: Developed by UW-Department of Civil and
Environmental Engineering in 2002 by Alejandro Dussaillant

e Version 2.0: Incorporated tributary pervious surfaces, an
underdrain, a Graphical User Interface (GUI), continuous
variable ET, and output files

e Version 2.1: Added design storm events and a user-supplied
inflow hydrograph

e Version 2.2: Enhanced the GUI and made metric mode updates

e Version 2.3: Added a design module

e LA RECARGA Version 1.0: Increased input/output flexibility,
modified code structure to reduce model execution time, and
enhanced the evapotranspiration routine
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RECARGA Model Download

e Wisconsin Version 2.3 is available for download
from the Wisconsin Department of Natural
Resources website:

http://dnr.wi.gov/runott/models/
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Planview Data

Facility Area 4356 [=f]
Tributary Area 1 [acre]

D

Percent Impervious

Perviouz CH liﬂﬂ

Filas
Reqgional Awve. ET 013 [in.day]
Simulation Type |Euntinuu:uus ﬂ
Input File Length 266  davs
Precip. File Name | tad 951 us
Dutput File Name | B el

[ Summary [ Record

RECARGA Version 2.3

Bioretention/Raingarden Sizing Program

Facility Inputs

Soil Texture Eﬂig:.l;::l:!:ﬁty Thickness
]Lr [indhr] [in]
"

‘FRoot Zone -
ol Tl e e R e e
= | Sandy Loamn

i Storage Zone . - i A T i I:':Idmd:ain | I;
R T e W e - Flowrate ; || =
L | iR 1N} -
; S ~l 89 = 0 findh]
e et s S :-'A" ; i Diam. _-h“'x_-'-ﬂs
f - '-'. ._-_. :._,:._ -_ ’7---'[{':.:_-5.::\;?\:
NS = = I
o |l ?H_h_é%}ﬁ{::hmltmg Subsoil Layer || :?‘1 %, EE-"J’TJ,:'{? '—«%ﬁ-l;:'r:’_.»’-f'ﬂ | s,
i _-rﬁj Silt Loarn j .13;'{-_:{_% i ¥ _:‘.:f-_ =
é-'---iu ':C:%l)'-:'_:-ﬁ:_'__ e T = Sl .'_-_:C;_; — P :-’:__,_ S s
0.4
Target Stay-on 16 [in] FAR
0.2
Facility &rea B atio 0.0001816
1 :
Run FAR o0 o =
Stayon [in]

Developed by the University of YWisconsin- adison
Ciail & Ervvironmental Engineerning W ater Resources Group
[O. Atchizon, A Duszailiant, L. Sewverson)

Results
Plant Survivability

[Lezz than 48 hours max.
ponding iz desirable]

M. Tatal

Hrs. Panded | 71.75 |23?.?5

2
Tributary Runoff fin]

8.8

208212
47784

Raingarden Water Balance

Murmber of owverflows

Precipitation
Imperviols Bunoff

Pervious Bunoff

fir.] %
Runan | 106122 | 36835
R unoff Imlﬁ
Recharge | 75074 | 26.0562
E vaparation | 28357 | 9.9427
Underdrain | a | a
Soil Maisture | 021877 | -0.75935
Stay-on | 28.322 | 98 3065

CLEAR RESULTS




RECARGA Model Theoretical Framework
\ > - </
<] >
)
Userlnput . -

Pervious:CN
Approach

Impervious: Initial
Abstraction

Or

User Input
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Moisture Flux Below the Surface

* Drainage is assumed to be gravity driven only
e User supplies Saturated Hydraulic Conductivity

* Program calculates Unsaturated Hydraulic
Conductivity from Van Genuchten Relationship
based on moisture content (Van Genuchten, M. T.

1980) o
Drainage - K.©®: 1—{1—@)2}

K,,: = Saturated Hydraulic
Conductivity

® = dimensionless water content
m=1-1/n

n = Van Genuchten Parameter Montgomery Associates
WWW.ma-rs.0rg Resource Solutions, LLC %



RECARGA Modeling Modes

e Continuous Simulation
— Model-generated runoft
— User-supplied inflow to the rain garden

— Evaporation and percolation simulated between
storm events

* Design-Storm
— SCS Type I, IA, 11, III
— 24- hour storm event plus 2 additional days without
rain
— Summarizes mass balance terms over 3-day period
— Unit hydrographs scaled by rainfall depth
— Regional daily ET value read from GUI
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Precipitation
* Precipitation
— Hourly data entered into a tab-delimited text file which

also contains an hourly time step and maximum potential
evapotranspiration for the region of interest

» Mad1981U5.txt - Motepad

File Edit Faormat Yew Help

time Chr) rain (in.)
O 0

0
1
A
2
-
4
5
[
o
L

0

A5 i 0,003 % ;
0 c Montgomery Associates
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Runoff

* Impervious Tributary Surfaces

— Runoff=rainfall at each time step-available
depression storage

* Pervious Surtace: SCS curve number methodology
— User characterizes pervious surface with a CN

— SCS calculation to find the cumulative runoff for
each time step

— Each timestep the runoff is calculated as the
difference in cumulative runoff between
timesteps

Pi_O'Z*S

s=00-10

Q=

P;j+08*S CN
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Mass Balance

Moisture in root zone =
initial water content +
infiltrated-drainage

Moisture in storage zone = L : .
initial water content + Moisture in native soil =
drainage out of root zone - & initial water content +
drainage into native soil [/ AR "| drainage out of storage

| zone - drainage out of

| native soil layer (assumed
10 ft)

layer

e Saturated zones limit drainage from above layer



Sumimary Screen

EECARGL 25 PLANWT SUEVIVAEILITY TEEMS=
Drate: 12-Jam-2A00 10:51 45 total tome ponded (h)= 1258
Chatpaat File: Exanmpletxt mzey tome ponded ()= 27 5
Irpuat File: hIadlSE] tat total time BE sabarated (h)= 1485
Humber of'tone steps= 25557 total tome B at waltme poird (hl= 18513
CPU elapsed tome (s)= 45 total tove TE sahnated (hl= 2523
ma tome BE sahnated (hl= 288
INPUT TEEM= man tome B atwaltme pond (= s bt
el pervicns= &l mues time TE sabarated (h)= 458
Pervmons CH= @ near satarabed tomes for sinmlation= 11
Faciltty fwea(nid)= 100 R 95
Trhb. Area (nid)= 1000 25198 288
EA&TIOnnp dre= = 25450 0%
EATIOperviye— 4 2081 3 27.0
3740 288
LAYEER DEFTH (=) Ezat (o) TELTUEE 4045 =2 45
Depression 15 -— -— 4058 2 125
Eoot Zore 45 10.00 2 40750 25
Storage =0 15.00 1 41725 225
Hative —- 0= 5 43100 og
e ] 35
Int, Cond.: suctomhead (on)= 100 wilting pond tmes for sinmlation= 11
Blax. Thderdram floar {omnidir)= 0.51 5545 1453
Tnderdrain diam (rom)= 7 B52.5 255
11520 755
WATEERE BALAWMCE TERME o s )
21285 141 5
VohmemT) Diepth (am) oot Inflonar 22530 11.5
Irdlonar 400 52 el | 10000 20180 1575
Funcf 2385 215 591 EA A F ] &7.3
Eecharge 202 52 15.9% 5208 4012 5 4.5
Esaporabon TRER TaA2 1952 4545 =2 4.5
Tnderdrain Q9575 =20 2390 alas 0 4500
Storage -6.85 -0.E2 -1.71 ponded tomes for smmalation= 10
Infiltrated 576 BA T2 =0
Erecip. 7318 23185 275
Inp. Intlonar 31731 S2.59 TR 2458 o=
Pere Intlonar 3052 758 757 2R 253
Basin Stamulom) 841 e 275
404 5 235
Iass Balanee Checles: 4057 5 10z
Winsoll=impadt-roft- dvh 4071 =2 T na
Winsoil (5= 3 REE Ze+ 002 41708 208
Wint' difference (= -0.0 SZME og
Wrecharzl =mif et-d=ars overflor tives for sinmlabon= 3
Wrecharzl ()= 208 580 R+ 002 220 5 28
Wrech difference (340)= 0. 28550 o=
d¥soil=inflrach-et 3VEES 15
1= B ERSEA e+ 001
d¥stoe (nid)= 000000 0e+000
dVsd=inpat-mofI-od”




Record Output

Time(lr) | Runon(cm) | Ponding(cm) | Infil{cm) | Runoff(cm) | Drain(cm) | Recharge(cm) | ET(cm) | ThetaRZ | ThetaSZ | ThetaCZ
653 0.817 0 0.517 0 0 0.002 0 0.134 0.194 0.39
654 1.978 0 1.978 0 0 0.002 0 0.204 0.194 0.39
055 4.385 0 4.385 0 0.028 0.002 0 0.292 0.194 0.39
656 2.559 0 2.559 0 0.201 0.002 0 0.327 0.199 0.39
657 0.6 0 0.6 0 0.239 0.002 0 0.322 0.209 0.39
658 0 0 0 0 0.236 0.002 0.017 0.312 0.216 0.39
659 0 0 0 0 0.232 0.002 0.017 0.304 0.219 0.39
660 0 0 0 0 0.228 0.002 0.017 0.297 0.221 0.301
661 0 0 0 0 0.225 0.002 0.017 0.292 0.221 0.391
0662 0 0 0 0 0.200 0.002 0.017 0.287 0.221 0.391
663 0 0 0 0 0.18 0.002 0.017 0.283 0.221 0.391
664 0 0 0 0 0.159 0.002 0.004 0.279 0.221 0.392
665 0 0 0 0 0.143 0.002 0 0.276 0.221 0.392
660 0.422 0 0.422 0 0.132 0.002 0 0.259 0.221 0.392
667 1.778 0 1.778 0 0.203 0.002 0 0.33 0.224 0.393
668 2.2 0 2.2 0 0.241 0.002 0 0.353 0.244 0.393
669 0.956 0 0.956 0 0.249 0.002 0 0.343 0.27 0.305
670 0.111 0 0.111 0 0.245 0.002 0 0.328 0.286 0.398
671 0 0 0 0 0.239 0.003 0.017 0.317 0.293 0.403
672 0 0 0 0 0.234 0.004 0.017 0.308 0.296 0.41
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