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** What are the recent changes to
1004 and their justifications
+* pH of soil
¢ Choice of mulch
+*»* Planting density
+»* Depth of engineered soil
¢ TSS reduction

+** Brief overview of bioretention
in WinSLAMM

¢ What are we learning about
selecting an engineered soil to
reduce phosphorus loads
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PLAN VIEW

1. RECOMMENDED ENGINEERED SOIL PLANTING DEFTH IS 24.0"
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Rain Gardens -
Create Depression
and Install Some
Plants




City of
Madison
Terrace Ralin
Gardens

Greg Fries, P.E.
City of Madison-Engineering
gfries@cityofmadison.com
(608) 267-1199



Examples of
Replacing
Topsoll with
Engineered Soil



Bioretention Cell (40:1)
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Construction of Biofiltration Fac

ility with Amended Soils and Underdrain
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4 /f o $ plantmg déhsuy Qf one foot on center |s
o Y M@unwgg unle§s the type of plants selected -
, s g " would#t:s‘t‘fy a Ia,ger space between the plants
U As stated in. agtion R of the. Cbﬁslderatlons
and t nould be. planted with more




Dane County: Consultants
designing bioretention
systems have challenged this
planting density by using a
design with a decreased
planting density.

Neil Diboll with Prairie Nursery in Westfield, Wl and Eric
Jacobson with Formecology in Evansville, Wl have
extensive experience working with our native plants.
They both thought a planting density of one foot on
center for the forbs and grasses is a good choice. In their
experience this would promote a sustainable plant
community in a reasonable amount of time.



— Shredded hardwood mulch or

chips, aged a minimum of 12 months or a Class Il erosion
control mat (blanket), shall be placed on the surface of the
bioretention area. The shredded hardwood mulch or chips
shall be 2 to 3 inches in depth and the mat shall be
anchored, overlapped, staked and entrenched per the
manufacturer’ s recommendations (WDNR, 2004).
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“The engineered soil mix shall have a
pH between 5.5 and 8.0.”



Jame (Sandy) Syburg said
Standard 1004 is too difficult to
achieve by reasonable methods.
The media they make usually has
a pH between 7 and 8 and they
would have to add sulfur to
lower the pH.

s

e Tk R
“‘fj':«m* ol

“I would doubt that there
would be many local plants that
would fail on calcareous sand.
Indeed, bringing the pH into
range would require
considerable effort and present
a large cost w/o benefit. |
would recommend a pH range
between 5.5 and 8.0.”

Purple Cow Organics
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Bioretention Technical Standard
1004 required 3 foot depth for
an engineered soil — based on
experiences from Maryland
Standards

SHRUBS & PLANTINGS

Obstacles to 3 Foot Depth

= High Bedrock Limits Depth

= High Groundwater

= |nsufficient elevation to daylight
drain tile.

YARD DRAIN

2-3" MULCH LAYER
SPILLWAY CREST

: CONCRETE BOX WITH
gﬁ" ; /_MONITORING EQUIPMENT
_:.5'_"

RS 2 S N

36" DEPTH

Groundwater Table or

)
i
S

Bedrock
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6" PERFORATED DRAIN PIPE
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Monitoring Tasks:
1. Flow and EMCs inlet
Flow and EMCs outlet
Bypass flow

Soil Moisture

Weather

o 0o A W N

Soil Chemistry



Eff Ratio = 1- ( avg. outlet conc./avg. inlet conc.)

Site Inlet | Outlet | Efficiency | Sum of
TSS, TSS, Ratio, %o | Loads, %o
mg/l | mg/l

1-Ft

Cell 113 10 o1 88

(16)

2-Ft

Cell 31 6 81 80

(19)

3-Ft

Cell 27 9 65 60

(21)




15t 2 months 2"4 4 months 2"d year

The TSS outlet concentrations as a function of time
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Sum of the Loads Values for Selected
Combinations of Monitoring Dates.

Selected TSS SOL Reductions, %

Combinations
of Monitoring Cell 1 Cell 2 Cell 3

Dates




Efficiency

Site Ratio TSS,
% Wecdia-2: 86% Concrete

Cell 1 Sand, 11% Paat Voss,
(16) 88 ancd 3% Sorotive Mlediz
Cell 2 _—
(16)
Cell 3

(14)

74

11/15/2011




Is the TSS Reduction Related to
the Depth of the Media?

o Statistical Test Show Percent Reduction Not
Different For Cell 2 and 3, but Cell 1 i1s Different
from the Other Two — This test used all the
numbers.

o With Time Outlet Numbers are Not Significantly
Different — Any difference becomes more a
function of inlet numbers.

e 80% TSS reduction iIs a reasonable default value.
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Guidelines for Depth of Engineered
Soll — William Hunt, 2006

TSS
Metals
TN
TP

18 inc
36 InC
24 Inc

No Minimum

NeS

NES

NES
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**What are the recent changes to 1004 and
their justifications

“*pH of soil
**Choice of mulch
**Planting density

“»*Depth of engineered soll
*+TSS reduction



Purpose of Source Load and
Management Model (SLAMM)

Developed to assist cities in evaluating the
benefits of alternative stormwater treatment
practices for both runoff quality and
quantity in existing and developing urban
areas.

Authors: Robert Pitt and John Voorhees



Modeling Notes

e Control practice used to
model:

—Biofilters

—Rain Gardens
—Infiltration Fields
—Infiltration Trenches




Modeling Notes

 Biofilter routing is performed
using the Modified Puls Storage
— Indication Method.

e Time increments are established
by the user — default =6
minutes

 Yield reductions due to runoff
volume reduction through
Infiltration and filtering throughj
engineered soll




Control Practice Overview

eInflow rate — Low

e All runoff flows
through engineered
soil

*Native soil restricts
below ground
discharge

«\Water level below
ground rises

an' w
_1 Top of Engleered Sail 1




Control Practice Overview

*Inflow rate — Moderate

* All runoff flows
through engineered

\F 000" i/

soil TT of Enineered SIuiI 1 O

*Native soll restricts
5 00 200

b_elow ground 150

discharge
*Water level below 050

ground rises 1_nn' 5 """ TopoiBockFil
«Water discharges | 0.50

through underdrain 1



Control Practice Overview

*Inflow rate — High

«Some runoff flows
through engineered
solil

*Native soil restricts
below ground
discharge

*\Water level above
ground rises

*\Water level below
ground rises

Water discharges
through underdrain




Control Practice Overview

Inflow rate — High rm_nn' i

«Some runoff flows i — —vu
through engineered - |
soil §1 Tu:i DfEnngeered Stll 1

e Native soil restricts

below ground 500, ., 300
discharge |
*Water level above -
ground rises N 6 """ Topof BockEil 77
1.00 )

\Water level below | 0.5

ground rises

*Water discharges
through underdrain and above ground



Control Practice Overview

Inflow rate — Moderate N rm.nn- w
«Some runoff flows « N L/
through engineered \_ _ _ —
soil 1 TIp of Enimeered lnll 1
Native soil restricts
below ground WY dp S
discharge
*\Water level above i ___69._5_n_' __________________________
Top of Fock Fil
ground falls . . op of Rock Fi
«Water level below | L2l
ground falls

Water discharges
through underdrain



Control Practice Overview

*Inflow rate — Moderate

10,00
*All runoff flows T 7N\ \r W/
N\

through engineered
soil j Tn:ut DfEnTeered Stil 1 o
Native soil restricts

below ground 5000 | 300
discharge will

«\Water level above
ground zeros out N

«\Water level below 1-?”' e
ground falls

*Water discharges
through underdrain




Control Practice Overview

eInflow rate — Zero

10,00 i
*NoO runoff N\ \r V4
*Native soil restricts ——\— . : _ -
op af Engineered Soil
below ground
discharge
«Water level below e S
ground falls
Water discharges i e
through underdrain, - é_ﬁ Top of Rock Fil
eventually only | 050

through native soil



Biofilter Data Entry Form

B Biofiltration Control Device _ S|
First Source Area Control Practice I Add |5harp Crested Weir Add | Other Outlet E vaporation Add |
Device Properties Biofilter Humber " el Eva_pnt_rans-

Top rea (] 120 gty e
Bottom Area [sf] 100 y -
Total Depth () 4.00 Remove |Bmad Crested Weir i F‘ZE
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. - pr A
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Infil. Rate Fraction-Sides [0-1] 1.00 - . E— - Hn :
: Add | Vertical Stand Pipe Soil porosity [saturation Jul 0.8000
Fock Filled Depth [ft) 1.00 | moizture content, 0-1) 0. 348 ALL:Q 0.2000
Rock Fill Porasity (0-1) 0.40 Sail field maisture capacity (011 | 0.115 Sep 06000
Engineered Soil Type Soil D ata Permanent wilting point (0-1] 0.037 Oct 04000
Enagineered Soi Infiltration Rate [inhr) 9.40 Add | Surface Discharge Pipe |Supplemental imgation used? = M EI-2EIEID
Fractic_nn_ af ._availal:ule capacity Dw | :
Engineered Soil Depth [ft] 2 when imgation starks [0-1] ee
Engineered Sail Porasity [0-1) 039 Fractic_un_ of available capacity Plant Types
when imigation ztopz [0-1] 1 2 2 4
Remove | Drain Tile/Underdrain Fraction of biofilter that iz vegetated 0.90 010
Inflows Hydrograph Peak to Average 280 rifice Diameter [ft] 0.2500) | Plant type Prairie F'j.ﬁmnualsﬂ ﬂ il
Flaws R atio . vert elevation above datum [ft) 0 0.7000) |Root depth [ft] 6.0 1.0
Mumber of Devices in Source Area or umber of anfices in et 1] [ET Crop Adjustment Factor 0.50 0.55
Land Usze 1 2o
- e ranaon e
- - .L Generation to Account for
[nfiltration Fate Uncertainty
Iriitial W ater Surface \
=l 0.00  Fiation )
o \
Select Native Soil Infftration Rate Change
" Sand - 8 in/hr * Clay loam - 0.7 in/hr Geometry 4.00 200
o e ~ .4 oo o 3a0
¢ . . Copy Biafilker
- Blofilter Data B o - S Outflow
¢ . Top of Rock F
Pazte Biofilker 0
¢ G t *hir Data oo :
0o
eometry | i Structure

Control Practice #: 1 Land Use #: 1

Select Farticle L:sHrogram FilesywinsLamMisHUHE RS
Size File

Source Areaft: & Total Area: 4.000 acrez | Land Use: Residential 1| Souwrce Area: Roof 5

Refresh Schematic |

Delete
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Biofilter Data Entry Form

First Source Area Control Practice Add | Sharp Crested Weir Add | Other Outlet Evaporation  Add |
Device Properties Biohiter Number 1 el Evapotrans-
Top Avea (] 120 b otith piration
Botto Area (sf 100 [in/day)
Total Depth [f) 4.00 Remove |Bmad Crested Weir ] i_:;
Typ.ical Wlidthl[ft] [lEIZISt ezt Funl_l,l] 10.00f [suieir crest length [ft) 10,0000 Mar
Mative Sail Infiltration Fate (inthr) 0] [swieir crest width [ft] 20000 - A 02000
] ! Height from datum to 2 5000 b ay 0.4000
Infil. Fate Fraction-Battom (0-1] 1.00 | bottom of weir opening (ft] Blemms |E\raputranspiratiun un 0E000
Infil. Rate Fraction-Sides [0-1] 1.00 = 1 P — 1 | : =
Fock Filled Depth [ft) 1.00 B4 Detailed Media Charaderfﬂu-i" (5] ﬂ
Rock Fill Parosib (0-1] e =
Engineered Sail Type Sail D ata c . Fraction of
Engineerad Sail Infiltration Rate [im’hz A Soil iﬁ‘;‘?gr':'n Field_ Pi{ﬂ‘;:gnt Irfiltration Sail T_I,Ip_e
: . Ee Content % Lepaciy Puairt R ate [indhr) Te:-;ture n
Engineered 5 ai Depth [ft] 2 Texhure Porosity] | rereEnt | p Enginesred | | | —
Sk o e oy
Fe [ |Uzer-Defined Sail Type 0.0 0.0 0.0 0.000 0.000
e T Orifics ravel 32 1] 41 L -
Flewy P atic =60 Sands a3 25 13 0,000
E::;Ibﬁrszf Devices in Source Area o 1 Loarny 5ands a9 45 a5 0.000
: . Sandy Loams 40 £.5 1 0.500
| Activate Pipe or Box Storage i ine Sandy Loams 42 105 05 0.000
43 14 015 Q.000
= 2/Silky Clay Loams 50 17 01 0,100
= aLa] 1a nos Q.000
Peat as Amen ?E 5 3 0.400
Compost a: * - - T
Select Mative Soil Infiltration Rate
" Sand- 8inshr & Clay loam - 0.1 in/hr Composite. U ser Deﬂ N ed Ty p e
" Loamy sand - 25 indhe € Silty clay loam - 0.05 indhr Apply Sai
" Sandy laam - 1.0in/hr " Sandy clay - 0.05 inhr '
" LDamy- 0.5 inhr " Silky u:-IIJIa_I,I -}IEI.EI4 indhr ssalls ACt I Vates US er Defl n ed
" Silk loarn - 0.3 indhr " Clay - 0.02 indhr
£ Sandy silt loam - 0.2 inthe ¢ Rain Banel/Cistern - 0.00 Percent SO | | d S Red u Ct| O n ‘

Select Paticke |E:'\F'n:ugram FileWinS LAMMSNURP. CFZ d ue tO E n g | neer ed M ed | a M

Control Practice #: 1 Land Use #: 1 Source Areaft: & Total Area: 4,000 acies | Land Use. Hesdennal | | 20UCE Aled: HOor D




** What are the recent changes to
1004 and their justifications
+* pH of soil
¢ Choice of mulch
+*»* Planting density
+»* Depth of engineered soil
¢ TSS reduction

+** Brief overview of bioretention
in WinSLAMM
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Efforts to Evaluate a Number of Engineered Soill
Mixes for Wisconsin’s Bioretention Technical
Standard 1004 — Focus on Phosphorus Control

1. 40% Concrete Sand; 20 to 30%Topsoil; 30 to
40% Compost

2. 50% sand/50% compost

4. 87% Sand, 8% fines, 5% Bark

5. 86% Sand:; 11% Peat Moss; 3% SorbtiveMedia
(Imbrium)

6. Six Inch Growth layer on top of sand
7. Sand
8. Growth layer on top of sand with iron filings




Engineered Soil Mix 50% sand/ 50% compost

© 7 Total P = 600 mg/kg
“. | % Org. Matter = 2.6%
~ | Pindex =118 ppm
% Fines = 10%
Cost = $36/yard




Observations for Reducing Export of
Phosphorus from Bioretention Systems

* To go from exporting phosphorus to controlling
phosphorus the engineered soil mix should have a low

phosphorus content— less than 100 mg/Kg (FAWB,
2008)

e Low P index soils: between 10 and 30, but lower
retards plant growth (Hunt, 2006).

 Postive correlation between organic matter content and
P removal — 2% organic matter produced good P
removal (Davis, 2005).
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Monitoring Tasks:
1. Flow and EMCs inlet
Flow and EMCs outlet
Bypass flow

Soil Moisture

Weather
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Soil Chemistry






Engineered Soil Mix 50% sand/ 50% compost

o

otal Phosphorous 2010-11



Mecdia-1 Comparing Average Dissolved and Particulate

<

Concentration

Dissolved
Phosphorus

Particulate
Phosphorus







Total Phosphorus Concentrations, mg/l, at
the Inlet and Outlet of 2 Foot Depth Media

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

M INLET

M OUTLET
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Type of
Sample

TP
Concentration,
mg/kg

Media-1 During Installation



Why Are We Concerned About Phosphorus
Discharge From Drain Tile?

1. Not much infiltration Iin
parts of state with tight
solls.

2. Lower Infiltration After
Construction

3. Many places have high
bedrock or groundwater
table.

4. Installations near sensitive
water ways.




70 to 85% Sand/15 to 30% Compost

1.86% Sand:; 11% Peat Moss; 3%
SorbtiveMedia

2.87% Sand, 8% fines, 5% Bark

3.Sand (ASTM C33)

4.6” Growth layer with sand
underneath
5.75% Sand and 25% Compost

6.Growth layer on top of sand with iron
filings







Spread Sheet to Calculate How

Much SorbtiveMedia to Use

% sorptive media 5.00 %
P sorption capacity 1.00 %
P concentration in runoff 0.2|ppm
basin depth 1.5|ft
ratio drainage area/basin 20
Basin area sorbent P sorption area served total drainage P load per Service life
ft2 mass, Ibs capacity, lbs acres per year, gal year, Ibs expected, yr
100, 131 1.31 0.05 49655 0.08
200 261 2.61 0.09 99309 0.17
400 523 5.23 0.18 198618 0.33
800 1,045 10.45 0.37 397237 0.66
1600 2,090 20.90 0.73 794473 1.32 15.8
32001 4,180 41.80 1.47 1588947 2.65
72001 9,405 94.05 3.31 3575130 5.95
14800 19,333 193.33 6.80 7348879 12.24
29600 38,665 386.65 13.59 14697758 24.48




Replacing Media at N # ‘
| Neenah Sites S e e 11A15/2011, 13 32

B




e Total P =200 mg/kg
e PIndex =8.0 ppm
e % Org. =2.5%

* % Fines = 7%

» Cost=$161/yd.
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Diss. Pis ~ 45% of TP



Average Total Phosphorus Concentrations
for the Inlet and Outlet of Two Foot Media

Outlet TP,
mg/|
50/50 1.09
Sorbtivemedi 0.072

d
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With Help From :Dena Divinconzo — Waupaca
Sand and Solutions and William Lord — NCSU
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Inlet USGS
Bioretention —
April 12, 2014
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Inlet USGS
Bioretention — May
6, 2013

Outlet USGS
Bioretention — May
6, 2013




Inlet USGS
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Runoff Event
May 9, 2013

Percent Dissolved
Inlet 47%
Outlet 56%




Runoff Event
May 28, 2013

Percent Dissolved
Inlet 24%
Outlet 82%




Runoff Event
June 25, 2012

Percent Dissolved
Inlet 45%
Outlet 88%




Runoff Event
Nov 16, 2013

Percent Dissolved
Inlet 19%
Outlet 88%




Dissolved P and Total P Reductions
Expressed as Efficiency Ratios, %

Al




Phosphorus Loads at USGS
Bioretention - Sampled Events
June 2012 - May 2013

50% /5%



Average Total Phosphorus Concentrations
for the Inlet and Outlet of Three Medias

Three Foot Media

Media Type
Outlet TP, mg/I

50/50 1.77
Sorbtivemedia 0.051
NCSU 0.235



State Standard 1004 - 75%
Sand and 25% Compost.

A 6 inch Growth Layer (75%
Sand and 25% Compost) on
Top of 18 inches of Sand

1009 Sand




T3S - 78 75 87 %

Austin
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Waukesha County Hwy VV

Two Bioretention Cells:

1. State Standard -75% sand 25%
compost
2. 6 “ Growth Layer on top of 18" of







Summary of Results for Testing
Engineered Soll Mixes

Annual TP
Type of P Index, 1 Support Cost,
. Load Concerns
Media ppm Plant Growth | $/yard
Increase

Sorbtive
) N Yi 161 Cost
Media 8 0 es 6 oS
100% Sand ? ? ? 25 ?

Growth Layer ? ? ? 30 ?



What to do in the mean
time
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