Riduzione dellinquinamento dell'acquifero
della Piana di Arborea da nitrati di origine

agro-zootecnica mediante n TECNOLOGIE
DIFFUSE DI BIO-RISANAMENTO IN SITU




Problematiche connesse alle interazioni agricoltura -
ambiente

e I
— Volumiirrigui — 2000/60/EC - Water Framework Directive
91/676/EEC -Nitrate Directive
v Q 28/2009 /EC-Pesticide Directive Y

— Restituzioni (di acqua) al reticolo superficiale e alla falda (ricarica)
— Peggioramento qualitativo delle acque dovuto a flussi di nutrienti e
agrofarmaci alla falda e al reticolo connessi all’irrigazione e in generale alla

gestione dei nutrienti

— Deflussi minimi al reticolo e alla falda
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revalente restituzione al reticolo superficiale
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Prevalente restituzione alla falda
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Intercettazione dei flussi verso la falda e dei deflussi
superficiali e trattamento di denitrificazione eterotrofa
delle acque drenate mediante BIOREATTORI

Spandimento di liquami in due fasi:
1. Meta maggio prima della semina mais;

2. Meta settembre dopo la trinciatura mais




Prevalente restituzione alla falda
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BIOREATTORE a servizio di un’area di 16 ha

(non in scala)
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BIOREATTORE off-line

Bioreattore ricoperto con terreno
Dreno tubolare

Pozzetto ingresso

High-Flow bypass

Pozzetto di regolazione uscita -

scarico - ——————_=>
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Catena di reazioni denitrificazione

Tempo di ritenzione idraulica 4+6 ore
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revalente restituzione al reticolo superficiale
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BIOREATTORE in-line

Canale principale didrenaggio  fo = & & o 0 o C o o — — - - - - === __., -=>
(acque basse?) \

Letto del bioreattore @ F &= =50 & o —m— - = - ==

Bacino di sedimentazione

_// A

---------- Copertura del bioreattore con
'\ - pavimento in pietra

Soglia ingresso bacino
sedimentazione
Fondo del canale



Simulazioni su base fisica del processi di flusso dell’acqua e
di trasporto dei soluti mediante modelli AGRO-IDROLOGICI

v" Individuazione dei meccanismi di arrivo del nitrato in falda e/o
nel reticolo superficiale

v Progettazione del drenaggio



MODELLI AGRO'IDROLOGICI II:::J(\)NMS’S;f-Vl\-IlaAtCe;Eznd Solutes in

Heterogeneous Agro-Environmental Systems

transpiration

interce ‘

drainage; _,

Deep percolation fluxes of water |
and solutes |

unsaturated zone

(nutrients, salts, heavy metals, pesticides) |
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FLOWS-HAGES output (per il calcolo di numerosi servizi ecosistemici)

MODEL MODEL OUTPUTS
COMPONENTS
WATER —  Soil water content in the upper horizon, root zone and entire soil profile;
—  Evapotranspiration and Root Uptake;
—  Water Interception by vegetation,
—  Field scale Runoff production
—  Deep percolation water fluxes and groundwater recharge
SOLUTES AND |-  Advection-Dispersion-based transport processes of solutes at the soil surface, in the root zone and in
POLLUTANTS the whole soil profile, physical and chemical non-equilibrium transport;
— Nitrogen and phosphorous transport processes and transformations through mineralization,
ammonification, nitrification, and denitrification, uptake;
—  Pesticides transport in dissolved phase, linear and nonlinear sorption and exchange processes, first-
order decay, degradation, volatilization;
—  Heavy metals and bio-colloids (bacteria, viruses) transport, bio-colloids attachment/ detachment;
—  Deep percolation of nitrates, pesticides and other pollutants to the groundwater
— Nitrogen, phosphorus and pesticides transfer from soil solution to runoff water
CROP —  Daily time-step dynamic root uptake;
—  Relation between transpiration and environmental factors such as water and nutrient availability;
—  Plant nitrogen budget;
—  Dry matter production, yield, residue production, and decomposition;
—  Water and nitrogen root uptake; compensated and uncompensated root water uptake, active and
passive nutrient root uptake

/ZOOO /60/EC - Water Framework Directive

91/676/EEC -Nitrate Directive
128/2009 /EC-Pesticide Directive




Applications  Places =~ MATLAB R2020b - academic use ThuAug 5,14:40 =5 o} B
| FLOWS - o X

Help N

-Simulation settings - 7 time settings i “Vegetation parameters

Simulation(s) single vl dtin 0.000010 dtmax 1 extinction factor for LAI

Irrigation no (only rainfall) vJ dtmin 0.000010 tmax 30
Vegetation yes vl Time settings

0.45

water and osmotic stress reduction functions for root uptake

Feddes water reduction function -
Solute transport ~ ¥es - ADE '|
Solute parameters
Feddes water stress potentials
decay no - adsorption no = Solute pulse parameters hi hii hillH hil hiv
tCinput | 0.000 -1 -10 -400 -600 -8000
node settings tCinout end
NpS- | 0.500 van Genuchten water stress parameters
Number of nodes 100 inhin  constant - hws0
Cinput | 0.040 ¢ A
Number of layers 1 hin -100 -1000 3
Isotherm parameters i
slope exponent uptake factor
Model Lomodeliven Ganuchiten ] 1.000 l 1 | 0.000 van Genuchten salinity reduction factor - [Maas&Hoffman salinity reduction factor
_ . _ hss0 psl aMH bMH
Profile settings Node settings PP R, g e e :
1 - | | -1500 3 -760 | 0.000794
|| dfert 0 | topt | 33 | khur | 01 kvur | 01 i
1
) 1
) 1
l 1
top & bottom boundary conditions : Isotherm parameters : root distribution function uniform root distribution -
1
itopvar  variable - itbc flux 2 1 slope NH4 exponent NH4 uptake factor NH4 :
hsurf qsurf hsurfmax 1| [ lo00 | [ 1 1.000 : logistic root distribution Vrugt distribution
[ sees [ o1 [ oo ! i rda rdb rde pz zstar
1 =
I slope NO3 exponent NO3 uptake factor NO3 : 1.027 15.016 0.074 10 15
1 ‘ [— 1
ibotvar  constant ibbc gradient v 1 I S ] 4 2809 1
1
________________________________ 1
hbot gbot grad : gy gy g g g g g g g g
I 0 001 | L . : Units Drain
save project | load project = o
: rain
iCtopvar constant length L s 3
Ldr zimp zdr Rdr

Start time T seconds v

FLOWS: FLOw of Water&Solute transport in soil
‘ A. Coppola, L. Randazzo, A. Basile, C. Fenu, A. Concas
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INQUADRAMENTO SUOLI ZONA NORD

Dens.app.
SOIL Orizzonte prof. fcm) sabbia  limo argilla TessC.CQrg S Org glem3
BF51 Ap 0-40 20 g 12 F§ 0.24 145 136
BF51 Cc 20-83 Bt.4 34 112 5F 012 0.21 153
BF51 B g g3-11% ac 3 12 5F
BF51 Lz 115-150 35 47 14 F
BF52 Ap 0-43 t.B 288 654 A 0.9 1.55 133
BF52 Bk 43-35 7 26.2 E6.8 A 0.3% Q.67 143
BF52 =1 95-120 B 46 43 AL
BF52 Cg2 120-180 23 47 30 FA
BF53 Ap 0-40 124 N B0 A 1.06 183 133
BF53 Bk 20-33 4.z 20.7 451 AL 0.23 04 15
BF53 Bsk 93-1e0 37 28 35 FA
BF53 = 150-180 25 30 45 4
BF54 Ap 0-50 [ 24 E9.3 A 088 152 133
BF54 B 50-105 7 338 5814 048 0.83 142
BF54 c 105-115 a4 7 9 5F
BF34 Cz1 115-150 45 a3 22 F
BF54 Cz2 150-130 18 73 A
BFS5 Apl 0-40 10,6 37.2 5x2A 074 128 138
BFS5 Apl 40-25 El 18 73A
BFS5 c 85-35 7 9 5F
BFS5 C 95-140 47.7 329 124 F 017 0.2% 153
BFS5 g 140-170 17 25 54 A
BFS& Ap 0-55 63.5 189 176 F5 0.45 0.84 143
BFS& Bg 55-120 43.6 352 212F 0.2 0.24 152
BFS& c 120-130 a4 7 9 5F
BFS6 =g 130-150 1z 15 734
BF57 Ap 0-45 14.7 28.08 564 A 111 1351 131
BFS7 Lz 45.75 121 25 BXS A 057 053 139
BFS7 c 75-85 24 7 9 5F
BF57 g 85-130 4 23 73 A
BFs8 Apl 0-40 185 28 535 A 0.2 148 135
BFs8 Apl 20-20 20 40 40 AL
BFS8 Ckm 80-110 a4 4 12 5F
BFs8 g 110-150 87.1 53 76 5F 002 0.03 16
BF58 C 150-180 ki 12 10 FS
BF59 Ap 0-35 15.9 276 565 A 1l.06 183 132
BF5% Bg 35-55 133 284 573 A 0e7 118 138
BF5% c 55-80 a5 7 8 5F
BF53 g 60-130 14 32 54 A
BF510 Apl 0-43 281 24 478 A 089 153 135
BF510 Apl 22.75 65.1 119 23 F3A 0.4 0.6% 145
BF510 C 75-120 90 3 75
BF510 g 120-140 a2 7 1135
BF511 Ap 0-20 151 311 538 A 119 205 13
BF511 Bel 20-70 23 23 54 A
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BF511 Cg S0-120 17 22 5l A
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Flussi di percolazione verso la tfalda (MAIS
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Flussi di percolazione verso la falda (MAIS)

Da volumi irrigui effettivi Da volumi irrigui calcolati da modello
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INSTALLAZIONE DEL
SISTEMA DI DRENAGGIO



Reels for corrugated Laser mast

plastic drain pipe
Machine frame Hinge between
SRR with engine machine and digging boom
¢ T 777y, Digging chain
E ."""""""""“'““"““'“'"' easpunaanasaisy Trench box Gravel hoppers
s—_— i

Gate regulating
Gravel supply

Crawler tracks Auger for spreading
excavated soil

2

i) G T gl

Press pulley




Main frame with engine Intermediate frame

Drain pipe entrance

[

Crawler tracks

Moving direction
—_—




Disegno non in scala
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