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for the Design of Subsurface
Bioreactors in the Midwest

E .\ wa
= ~ =1 =

Richard Cooke
Natasha Bell

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=




Diversion Third Generation

Structure

Bioreactors
\ Length/width dependent on
5' Soil contributing area
Oi
- Capacity
Control

Structure
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Section
of perforated
tile

Trench bottom at the
tile invert level
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' Soil backfill \

Top View

\ 5’ section of non-perforated tile/

l Diversion Capacity control
structure structure
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Plastic Liner Solid pipe
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 Bioreactor design is a complex balance
of flow rate and residence time.

 Historic weather data, and soil and
=drainage system layoutsis usedto
evaluate bioreactor performance within
specified levels of uncertainty.

e Operational (stop log) settings are
incorporated into the design procedure.
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Main Interface
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MS Controls

http://www.wqillinois.edu/dg/
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Sample Files
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Popup Help Screens
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Contributing Area

Based on size and sié@pe
of outlet pipe

d 2.6780.5

A =0.311

Dc-n
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Contributing Area

Based on tile lengthssand
intersection angles

A. =SL £ I \SZ
.8 cos(a)
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Contributing Area
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Woodchip Properties
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Sizing Criteria

Flow rate =
Residence time

Performance
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Design Flow Rate

10-year, 24 hour drain
outflow event

e G@Grassed waterways
(NRCS-412)

e Constructed wetlands
(NRCS-656)
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Design Flow Rate

DRAINMOD

Simulations
e Weather

e Soils
* Drainage System Layout
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Midwest Database
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NRCS Midwest DWM States
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Benton
Big S5tone
Blue Earth
Brown
Carlton
Carver
Cass
Chippewa
Chizago
Clay
Clearwater
Cook
Cottonwood
Crow Wing
Dakota
Dodge
Douglas
Faribault
Fillmore
Freeborn
Goodhue
Grant
Hennepin
Houston
Hubbard
lzanti

m

Aitkin

Leafriver [ 1984 )

Change State

Specify Drainage
Depth and Spacing

Cloze
afirdio




Aitkin

Leafriver [ 1984 ]

Change State

Specify Drainage
Depth and Spacing

Cloze
Wfindaw




b awirnunn D aily flow
Average Daily Flow

tean Annual Flaow

% Calculate Value &

" Calculate P.OE.

— Simulation D ates

— Drainage and Cropping
Drrain Spacing [ft]

Drrain Depth [F)
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EDF for Daily Flow

Mean Annual Flow (in] |

13.33

{* Calculate Value Given P.OE.

{" Calculate P.O.E. Given Value
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Monthly Design Flows

Mean Annual Flow [in] |

13.33 ]

% Calculate Walue Given P.O.E.
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Performance Curve
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lllinois Performance Curve

BIOREACTOR EFFICACY CURVE
0 Lak(:I DecAatur and Lake Bloomington Watersheds

90

S 80
E’} 2o Lr = 95.31Ld %
= 1
S 60
S 50 | Lr =§7.29Ld %34
°o 40 2=0.99
(a'd
5 30 A —A
S 20 R Lr = 95.42Ld ***
= 10 R?=0.44
0 I I I I
0 5 10 15 20

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Loading Density Ld ( Acres/100 sq.feet of the bioreactor)
¢ 2008 = 2009 A 2010 — 2008 —2008-2009 — 2008-2010




Cost Analysis

| n | | I LUy | | I [ I ] |
Height of Upstream Height af Downztrean

Stoplogs During Critical . Total Cost Cost of N Removal Ib Stoplogz During Critical
Period [inchesz) TErISrt':gI;D?t (%) ($/1b) Fenod [inchesz)

IT. =37 10800 I 1.99 Close Cost Farm IT.
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Length/Width Effects
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Length/Width Effects

Uesign Farameters
| < Actual Flow Capacity (cfs) 115 l
Yolumetnc Design Flow I 103 . )
Rate (cfs) Actual Flow/Design Flow (%) 1119 . Lost Analysis |.
| ) . ) Ferformance Analpzis |.
Anticioated Annual Load —— o Hydraulic Residence Time {(hours) 21 . - - p—
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Manual Optimization

- Stream  Stream fcts] Tirne fhrl
f1 |1 | 4 | = | .07 | 4B
| 3 |18 | 24 | 7 | .01 | 113
5 |16 | 3 | 24 | 083 | 27
fa |18 | 24 | 12 | .05 | 27
f11 |7 | 4 | = | .07 | 4B

[12 [ 31 | 5 | 38 | .57 | 45

— Manual Optimization

YWidth [feet] Area [zq. fr]
w10 =53 A S
Critical Besidence Time [hourz] Deszign Flow Rate [cfs)

| 36 <= | [ 1 =]

Cost [$/lb of H] Load Reduction [*]

Update I 1.97 . I 37 . Cloze

J F

M A H

J J A 5 0

Percent Bypass Flow 27158 .

Length [feet] | 45 Width [feet] |T “wiindaw




Automatic Optimization

FLOWRATE

alream alream 1CI=1 LImeE i
1 |1 | 4 | 31 | 157 | 84
[ 3 |16 | 24 | 7 | 142 | 25
5 |16 | 3 | 24 | 195 | 49
fa |15 | 24 | 12 | 117 | 49
J F M A WM J J A S 0O N D
f11 |7 | 4 | 38 | 157 | &4
|

[z [ 3 | 45 | 38 | 157

— Automatic Optimization
b aw. Flow %) bax. HRT [&] Convergence (ft]

[0 B [ B[ 0 [

Bio Area [sq.It.] l
O ptirnize: | I 1973 M

8.4

Cost [$/lb of N] Load Reduction [¥] J F M A M J J A 5 ) M D
Hlgeelz 1.89 95
I - . I . Clos Percent Bypazs Flow 5 .
Length [feet]l g2 Width [feet]l 27 Windowy
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Incorporating Performance

memte T Stream  Stream el Time Thrl
f1 |1 | 4 | = |.119 | 7
|3 |18 | 24 | 7 | 108 | 29
|5 |16 | 3 | 24 | 147 | 41
|9 |15 | 24 | 12 | .og8 |41
J F M A M J J A S D N D

11 |7 | 4 | 3m |11 | 7
[z [ 3 [ 45 | 3 [ 113 [ 7
— Automatic Optimization

bl aw. Flow [3) bMax HRT [%] Convergence [ft]

o B o W w0 M

Bio Area [sq.ft.]
| 1233 M l

Cost [$/Ib of H] Load Reduction [%) d F H A M J J A 5 o0 N D

Update I 1.78 . I ¥ . Cloze

Percent Bypass Flow BR .

Length [feet]l BE width [[EEt]IT WWindow
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AL IH
Crainage Spstem
[acres)

| 23.02

Deszign Flow R ate
[indday]

| 107

Exceedance
Probability for
Clezian Flow (3]

10

Height of Lpstreamn
Stoplogs During Critical
Perniod [inches)

W

Design Parameters

Yolumetric Design Flow

Rate (cfs)

Antirinated Annnal | nad

Report Generation

Information from this routine
1s stored in an Excel file

that can be viewed
as required-

or printed
This file can

only be access on computers

with Microsoft Excel-

Yiew Bepart ‘

104 l

Save Repaort

Cloge Window

Actual Flow Capacity (cfs)
Actual Flow/Design Flow (<)

Hydraulic Residence Time {hours)

084 .

81.8 ll
25 |

Oioreacror auirace
Area [square feet]

| 1533
\width [feet]

| 28 [ ]

Length [feet]

| sa7s |0

Thickness [inches]

| A8 [ ]

Height of Diownztrean
Stoplogs During Critical
Fenod [inches)

7
Ilpdate |.

Cost Analysiz |.

Ferfarmance Analyziz |.
T




Report Generation
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Future Work: Residence Time
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60 ft x 2.5 ft 40 ft x 3.5 ft

[11

EI

80 ft x 3.5ft
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Water Temperature (deg F)
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Nitrate
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Future Work: Nitrate Loads

|’ | [ cune | | |
Height of Upstream Height af Downztrean
Stoplogs During Critical . Total Cost Cost of N Removal Ib Stoplogz During Critical
Period [inchesz) TErISrt':gI;D?t (%) ($/1b) : d Fenod [inchesz)
IT. =33 I 10800 I 1.99 Cloze Cost Form IT.
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