O

L asm

PO -———

3
|
|
|

.

1.1- Standard drainfield w/ Astalula sand €3- Groundwatar moniforing wall
2 - Standand drainfiekd w/ Bulkber's wasshed sand @ Lysimoter

2-Black & God drainfield @- B4G sampling port

3 - Horizontal subsurface-lowad wollandsl - Wetland sarrglng wel







OSTDS Alternatives

Conventional drainfields

Two different soils in drainfield

Astatula sand
Washed building sand

Standard septic tank with recirculation

Sorption media filter (Bold &Gold)
Sub-surface Upflow Wetland (SUW)

With sorption media
With different plant species
New flow pattern
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Emergency Overflow: Return to
the existing sewage line

Raw wastewater

1.1 - Standard drainfield w/ Astatula sand
1.2 - Standard drainfield w/ Builder's washed sand

2 - Black & Gold drainfield
3 - Horizontal subsurface-flowed wetlandsl

t3- Groundwater monitoring well
@ - Lysimeter

@ - B&G sampling port

- Wetland sampling well




Standard Standard
media filter media filter
with Astatula with
sand Builder’s
washed sand

Distributio

Recirculatio n tank
n filter tank

Effiuent to draim Tiald rMitrificatian
Noo

NHT — J‘M’IJ!_'
Nitrogen gas 1o ‘ I Sand fier

Atmospharg
Recirculation lime

EMuent fréam
house Sephic Tank Sand Tiltar
Denitrification dosing tank

N ~ Organic W
i 'y R AV,




Number of
Dataset

Experimental Settings with septic tank
recirculation and drain field

Recirculation
Design |

Oct — Nov
2008

3:1 Return-To-Forward (RTF) ratio
Astatula sand used as the filtrating
media in the recirculation tank

Recirculation
Design Il

3:1 RTF ratio
Very coarse sand media in the
recirculation tank

Recirculation
Design I

3:1 RTF ratio
Coarse Sand over Green Sorption
Media




Covering native soil —.

Washed Building Sand
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[At ground level|

f— 36.0 in —|

i, Fe— / = ™ :

2

Anaerobic

B&G media

6

Bold & Gold (B&G) Media Mixture:
- Astatula Sand

- Saw Dust

- Tire Crumb

Three day detention
Limestone in aerobic
zone

=

=" Ammarin Daranpob
e

Decermber 25, 2008 [ 1

P rewe




Expanded Clay Growth Media Mixture:
- Expanded Clay
- Vermiculite

- Peat Moss

Pollution Control Media Mixture:
Tire Crumb
Saw Dust
Astatula Sand
Lime Stone







ALK
(mg/L as
CaCOg3)

TSS CBOD5 TKN
(mg/L) (mg/L) (mg/L)

UCF Average Influent 301 119.2 47.1

NSF/ ANSI 245 100-350 100-300 35-70

Status OK OK OK

Temperature
(Celsius)
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TSS CBOD5S TKN TN SRP TP Fecal E.Coli

& Astatula Sand Dram Field -OptionI
® Washed Builder's Sand Dramn Field - OptionI
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1SS CBODS5  TKN TN SRP TP Fecal E.Coli.

N Astatula Sand Drain Field - Option Il
B Washed Builder's Sand Drain Field - Option |l
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8 Washed Builder's Sand Dram Field -
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E.Col1

Fecal

TSS CBODS




Parameter

Removal efficiency [(in-out)/in]*100 (%)

Wetland 1

(Canna)

Wetland 2

(Blue Flag)

Wetland 3

(Bulrush)

Wetland 4

(Control)

Fecal Coliform

99.98

97.06

99.76

99.74

E. Coli

100.00

99.94

99.80

100.00

BOD

89.4

89.6

85.2

75.2

CBOD,

87.6

86.5

81.1

79.5

NH,

98.6

97.9

62.0

27.6

Total N

97.1

93.0

62.5

10.5

SRP

99.5

99.0

99.6

99.3

Total P

98.3

95.7

98.0

85.7
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Nitrite-N

Nitrate-N

EWetland 1 Effluent {Aug-Sep 2009)
@ Wetland 2 Effluent (Aug-Sep 2009)
' Wetland 3 Effluent (Aug-Sep 2009)
HControl Wetland (Aug-Sep 2009)
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Sorption in G media, g TN mn water, g Denitrification, g Uptake by plant, g

I 0.22 I 53.70 I 164.47 9.96
II 0.34 II 56.38 Im | 168.75 1.87
2.65 78.55 m | 115.03 12.25

\Y 1.83 r | 85.08 v | 104.71 N/A
A

Sorption in PC media, g
I 0.64
II 0.45
5.86
5.11

TN 11 230.66 g




TP in water, mg Residue. mg Uptake by plant. mg
Sorption in G media, mg 7891 14721

I 761
I -18 3020 15111

11 147
il 4 3884 13248

5 m| 1142

3221 14763

o - v| NA

f

Sorption in PC media, mg
I 4

II 14

111 71

IV 28

TP out, mg
77
142

. o Uy Py BLF e A i ™ Sl L} vl £ 5 I - Ll 71
TPin, 18437mg [ 432




Concentration Changes (- or negative entry indicates an increase)

Conventional | Conventional | Conventional Conventional
Drain Field | Drain Field Drain field Drain field B&G Media | SUW - Canna
Control Recirculation Recirculation Recirculation filter Plants
Design | Design 11 Design 111

Parameter

Alkalinity (mg/L)

TSS (mg/L)
BOD5 (mg/L)
CBOD5 (mg/L)
Ammonia-N (ug/L)
Org. N (ug/L)
TKN (pg/L)
TN (pg/L)
SRP (ug/L)
Org. P (ug/L)
TP (ug/L)
Fecal (cfu/100mL)

E.Coli. (cfu/100mL)



B&G
Parameter RSF RSP RSF Media | Wetland 1 | Wetland 2 Wetland | Control
Design | | Design Il | Design Il filter 3 wetland

Alkalinity
TSS
BOD5
CBOD5

Ammonia-N
Org. N
K

—
Z

—
Z

SRP
Diss. Org. P

Fecal
E.Coli.

-~



Conventional
OSTDS
Control case




Legend
water table (ft)

Legend
®  manitoong well

:Hﬂrahs-H (mgiL)
[ Jo-osor

Q Wetlands ';

B&G media drain field

N RS

Builder's wash sand drain field

Astatula sand drain field
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Background Highest beneath the
concentration | conventional drain fields

TN (mglL)
Nitrate-N (mg/L)
Ammonia-N (mg/L)
TP (mglL)
SRP (mylL)
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oW of the tracer
Ibution in SUW

HRT=6.6 days, Measured = 7.1 days |

!15u -j

-112.5

:

| e small images: 2 days, 3 days, 4 days, 6 days, 8 days; Right five: 9 days, 11
3 days, 16 days, 18 days). The vertical scale is showing the concentration (ppb)




146.2 292.4
105.1 105.1 315.3
157.3
60 | 324 | 648 | 3838

80 | 30 | 601 | 4805
90 | 80 | 30 | 2701
- | -summation- | 6186 | 43761




NO;+NOy input —*

ON
in port B

iAM

NHy™
in port B

|

NO,+NO;5 in

port B

NO,+NO; in

port M

NO+NO;
in port T

| oE

iDE

lDE




plant uptake

red W03 ug per day |
|

Growth Media

|
G NOZ anf N

Pollution

Control Media

b
=3 rudl.-‘to C MH4

s.aLlld Ha

Sand Media

J‘anut NOZ and NO3 ug per liter

£




Parameter | Description Rate equations Values Source
S ey S e
Gp Plant growth rate M= INPgp 0.5 Y;gct)gl,
iNP Plant N content r,=INPgp Measured Y;g(t)gl,
U | e | e o S T ) | opimies | oo
| g | 5 ez ol e | o | (O
K 504 Denitrification rd= KZOd ‘9d o Optimised I\I\ﬁi/:mat::

rate

2005
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Modeling Summary and Findings

The system dynamic model is designed to
simulate the SUW and B&G media filter

Model reproduces high removal of nutrient and
bacteria in the specific filtration beds integrated
with plant species.

The predicted and measured concentrations of
the ON, NH, and NO, + NO; in SUW and B&G
media filter were in good agreement.

Model calibration and validation resulted in
“strong” R-squared values.




Construction Cost Annu_allzed Annual Unit Cost
) Construction Cost at )
with 20% o Operating | $/1000 gallons
contingency ($) OIIEEEISENT cost ($) design flow
——— 20 years ($) — =k
Conventional OSTDS
Conventional OSTDS
with Recycle Filter
B&G with sorption
media and drain field

SUW with sorption
media and plants

Conventional with
Drip Irrigation
Continuous Feed

Cyclic Reactor &
Drip Irrigation

Recirculation Tank &
Drip Irrigation
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