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Physical, Chemical & Biological Water Indicators
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Water Salinity & pH Classifications

Parameter Category

EC (dS/m)

TDS (mg/L)

Water pH

Sodium (SAR)

Chloride (mg/L)

Low Risk

<0.75dS/m

<480 mg/L

6.5-7.5

<30

<140 mg/L

Moderate Risk

0.75-2.25dS/m

480 — 1440 mg/L

75-84

3.0-9.0

140-350 mg/L

slal) Baga 11 daall
pH s slall da gla cliviai 18

High Risk / Severe

>2.25dS/m

> 1440 mg/L

<550r>8.4

>9.0

>350mg/L
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Multi-Media Filtration (MMF) Architecture (MMF) ol d) aancia ol i) Jsaa .29
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Operational Comparison of Filtration Media
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Chlorination Strategy & Oxidation Chemistry BacsY) £laasS g B olsl Ayl i L33
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ClI2+H20 = HOCL +HCL
el 86l g s lall ey 510 Jelas Alalas
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CI2+H20 = HOCL +HCL

PH Jléo Lol ol JISui

100

80

60 Cl2 + H20 <--> HOCI (Hypochlorous Acid) + HCI

el ASxilSia 58
)% Gd Cua celd) A 58V ol edaall Jalall 58 HOCI ossiS sued) ians i
52 80 52k OCI ) sl suel) (50l 4y edadll

40

2,1l o %

pH: (Fs 5 uell 8 )l )u\-u
elall L g Ay pilae (S5 OC| Capal) jedad) Jilis HOCI 5l edaal) o sa g s il

20 4 el b ekl Alee Jany Les o il 3 HOCI o5 sme)l (aes 25 pH < 6.5 e pH
Ll 3els

Allad & L gale (aldds) ) (595 e cOCT Sy s suagl) (sl 3 geny g manl) SSiy pH > 7.5 e

0 il Flee

Clz + Hz20 = HOCI + HCI

25 °C (pKa = 7.5) e ASaill (uizio
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Jar Test for Chlorine Breakpoint Determination 9IS leasl) Ada wyaail 3 ) Ll | 34
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35. Dechlorination & Chemical Neutralization

Ay gl 4 il Ailiall RO Andie ] dlead i) 5l Alolaa v gl o
(SMBS - Na 2S205 ) ¢ s sall Capdlisnline 145 saaall 3akall o

Chemical Injectant: Sodium Metabisulfite (SMBS - Na2S5205).
oAl ) e 1.0 mg/L JSV SMBS (3« 3.0 mg/L s~ deliill dus o

A Jiaall Uy i€l 5 505 il €Y llgin SMBS (e 5350 3 e all 1 Ll o
(SRB) i, <l

anSall pioliill Ju6 SMBS _o 9ISl all;)

ORP gulisio

losin ée-ﬁsi
anSall guo Ll

2915 sle

(Cl2) > ,slS 4w sgla, ORP :loagll

el clileall
Chemical Process

(SMBS) LISl &l 3
Dechlorination (SMBS)

oSl alcaa
Anti-Scaling (Antiscalant)

Aasdiiiall Balal)
Chemical Used

poigall Cudl gl
Sodium Metabisulfite
(S\text{Na} 2\text{S} 2\t

Jie( dhanadiia ) padd oo
) <l g 5dl)
Specialty polymers (e.g.,

ext{O} 59) phosphonates)
-
L) Ciagd) e Y Aleal Al jalelapat | Jie( Gaall s A
+> 518 1 mg/L J<I SMBS ;. = 3 mg/L gF”-:i‘mary Purpose syl e il calill e C.L,(,.G\:.)eﬁ.ﬂ\s&\&:uﬁjs
SMBS gl ;> L Neutralizes free chlorine | . ¢Lixll
(Naz5:20s) to prevent membrane Inhibits mineral
6 oxidation. precipitation on the
wailall 02 dlgiaui 5351 3]1 ac =l membrane surface.
wliy xSl al jisall LSl gai «
(SRB) ) die Gany 13 Jais il TailpasS LR Sy | oLiall alosa ausiiy (laall gl
_

What happens if missing?

BRI

Chlorinewill chemically
burn and destroy RO
membranes.

(sl

Minerals will crystallize,
clogging membrane
pores (Scaling).




Acid Injection for Scale Mitigation
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hpna i) (pa 32l aeal) (i 36

ol il 8 aSnill Gaanll >

» Scale Prevention Mechanism: Lowering pH converts soluble

Ca(HCO:z)2 + H2S04 - CaS04 + 2H:20 + 2CO:

Calcium Bicarbonate to CO2 and H20.
- Ca(HCO3)2 + H2S04 --> CaS04 + 2H20 + 2C02

« CommonAcids Compared:

: ..I

ac pall yulis

H2S04

Lsgdg aalSull jmasio

PH L luus

aszl I apisl

HCI

feli S s Y
STl s 500

H:PO4

Dsawgill 189 i Jaladll (o8 el
aslSJl gaiyo

- Sulfuric Acid (H2S0O4): Low cost, high strength; adds sulfate.

- Hydrochloric Acid (HCI): No sulfate scaling risk; highly corrosive
fumes.

- Phosphoric Acid (H3PO4): Safe handling, provides P nutrient;
expensive.
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Reverse Osmosis (RO) Integration Guidelines (RO) rusad) palil) zan ilald ) L 37
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Chemistry & Economics of Water Blending slal) ald (g gaa 5 elians |38

faall il sla piidl RO ol Lalas 13 o
A A5 ja g o ganinall 5 o I ) 88§ JSET e %100 RO sl -
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1.0 - 1.5 Janis Juoloall alaxs Ay Jpdill) AIS iy (EC 3.0) Ll <l RO water (EC O.1)°¢uj=ds-
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(%) loudsll (o9 OoSall ina>
(=)]
o
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Target Blending Calculation Formulas iagiacal) lAl) Gluwa a2 .39

e Mass Balance Equation: Blend calculation - worked example

- EC_blend = (X * EC_well) + ((1 - X) * EC_RO)

- Where X = Fraction of Raw Well Water. [ EC_blend =X - EC_well + (1 -X) - EC_RO ]

e Worked Example:

Well 2,500 mg/L TDS - RO 50 mg/L TDS

- Well Water = 2,500 mg/L TDS; RO Water = 50 mg/L TDS; Ui il €30 i 122
Target = 650 mg/L TDS.

-650 = (X * 2500) + ((1 - X) * 50) > X =24.5% Well Water + 650 = 2500:X + 50-{1 - X)
75.5% RO Water. 3(10(;22%50%

Check: 0.245 x 2500 + 0.755 x 50 = 650 mg/L v

24.5% 75.5 % RO water

Well

X = fraction of raw well water
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Managing RO Concentrate (Brine Discharge) (st Alall Jslaal) ciy o) RO 4zl obeall 38 103 403 .40

(cladl Jolnall) cunSall molisdl 5S40 o, 2 ye Al Jslaa%30-255 i ¢l % 75-70 33 1RO gla jisd Jaxa o
- - Jo o,1>]
535 5e 23l 5( 12,000-8,000 uS/cm) aii s EC ;i s yall Jsladll (ailias o

piie tLa 70 - 75 % Al Aadleal) chluayi) yid o
> sAl Gl <

Apclin da g jedillay pas (al gl -

12,000 pS/cmy 8,000 us EC 55 o sale Jglae 25 - 30 %

4 b 4

.(Salicornia s Atriplex Jix) 4aleclili de) ) -

e " (PI I JLI g 9 O “ Ant, 9- I HI I ' e EMERGENCY
. . .. . o Catlails Bulrushes Common Reed WATER LILIES OVERFLOW
("?3 2 jo ai Lln.. ) afrat ( - rip e.x' Maintenance Ramp (Typha latifoiia) (Scirpus validus) ~ (Phragmites australis) (Nymphaea spp.) SPILLWAY
Salicornia) i : ik s RE A e e T
ARM k
WASTEWATER |
INFLOW | TREATED
y WATER
QUTLET

| (To Imigalion)

STAGE 1: STAGE 2A: STAGE 2B: STAGE 3:
SETTLING BASIN / SUMP SHALLOW VEGETATED CELL 1 SHALLOW VEGETATED CELL 2 DEEP POLISHING POND
eep) (Subsurface Flow) (Surface Flow) (Wiidlife Habitat)
Concrete block 40m x 20m 40m x 20m 20m x 30m

Concrete Maintenance Ramp

\
H u"a 99> le
WATER FLOW
2 DIRECTION
STAGE 1 STAGE 2 ST
SETTLING VEGETATED CELL POLISHING POND

0 10 20m
e
(45cm WATER DEPTH, GRAVEL/SAND MEDIA) (1 5m WATER DEPTH) @
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Shutdown SOPs for Filtration Systems e ) AaalY Al LYY le) ) .41

(Jei (90 G 14 e JST) 2aY) Jy sha GBI J oS5 g 0 @
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System Instrumentation Calibration Cycles
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Soil Water Potential vs. Water Content el (s giaall Jilha 4y 1) £l 3¢ .51

ayall 2sis Lolsie wiladl s gimall Al s s3m 5 b I Ll s ((VWC %) el L) 5 sindl) @
* Volumetric Water Content (VWC %): Total volume of water per unit volume of soil.
slall )il (adlainy 4a U dal) (( SWP - bar/ kPa) 4l sl dea e
* Soil Water Potential (SWP - bar / kPa): Energy required by root to extract water.
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Soil Moisture Release Curves
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Defining Critical Soil Moisture Thresholds Aa Al 4l 4y gh ) ciliie yaa3 53
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Tensiometer Field Installation SOP
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Tensiometer Reading Interpretation Guide

Gislhal) o) ¥l g saeddl)

ol @ saall et jhad ey ill Al 58

oloal Y Al Al &y ) Bie sk

sl O 8 ies dand Ao siall [ Apag jall Ay il A6 4y gha
sl elag

Lﬁ)ﬂ 3)}3‘3.3\ :\J)@_uu)ug.d\ Ll aa

195 ol LY e an dlga) a3 J eanall

Al Ay gy s

(Ala ) Adeal) dadl)

el saill dihaie

(RAW) il iy idic

s Sl alea)

ol 3 3¢ 13 Baa gl
Aad) Gulila cile) B juwds Julo 56

(4 siien) B A (3l

0-10cb
10 — 20 cb
20 -35cb
35-50cb

> 50 cb



Capacitance & Frequency Domain Sensors
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Avoiding Soil Moisture Measurement Errors
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Crop Water Demand: Non-Cooled Greenhouse

Crop Species

Tomatoes

Cucumber

Green Pepper

Eggplant

Nursery (P1)

<= 0.3 L/day (Wks 1-4)

<= 0.3 L/day (Wks 1-2)

<= 0.3 L/day (Wks 1-4)

<= 0.3 L/day (Wks 1-4)

Vegetative (P2)

0.3 — 1.0 L/day (Wks 5-8)

0.3 - 1.0 L/day (Wks 3-4)

0.3 — 0.6 L/day (Wks 5-7)

0.3 -1.0 L/day (Wks 4-7)

Flowering/Fruit (P3)

1.0 - 1.5 L/day (Wks 9-12)

1.0 — 2.5 L/day (Wks 5-8)

0.6 — 1.0 L/day (Wks 8-12)

1.0 - 2.5 L/day (Wks 8-12)

Jsanall clalga) ;3 5aa gl
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Maturation/Harvest (P4)

1.5 - 3.0 L/day (Wks 13+)

2.5-3.5 L/day (Wks 8+)

1.0 - 1.5 L/day (Wks 13+)

2.5-4.0 L/day (Wks 13+)
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Crop Species Nursery (P1) Vegetative (P2) Flowering/Fruit (P3) Maturation/Harvest (P4)

Tomatoes <= 0.3 L/day (Wks 1-4) 0.4 — 1.3 L/day (Wks 5-7) 1.3 -2.0 L/day (Wks 8-13) 2.0 - 4.0 L/day (Wks 14+)
Green Pepper <= 0.3 L/day (Wks 1-4) 0.4 - 0.8 L/day (Wks 5-7) 0.8 — 1.3 L/day (Wks 8-11) 1.3-2.0 L/day (Wks 12+)
Eggplant <= 0.3 L/day (Wks 1-4) 0.4 - 1.3 L/day (Wks 4-7) 1.3 - 3.3 L/day (Wks 8-11) 3.3 -5.2 L/day (Wks 12+)

Squash Direct Seeded 0.3 -1.0 L/day (Wks 1-3) 1.0 — 2.5 L/day (Wks 4-6) 2.5-4.0 L/day (Wks 7+)
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Plant Salinity Sensitivity & Thresholds
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 Maas-Hoffman Salinity Response Equation:

- Relative Yield Y (%) =100 - b * (ECe - a)

- a = Salinity threshold (ECe dS/m) where yield reduction begins.

- b = Percentyield loss per dS/m increase above threshold.

 \legetable Crop Classification:

- Sensitive: Cucumber(a=1.1), Onion (a=1.2), Pepper (a=1.5).

- Moderately Tolerant: Tomato (a=2.5), Eggplant (a=1.1, low slope).
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MODULE 4: NETWORK HYDRAULICS
78. Mathematical Calculation of DU Percentage

Al S50 14 Baagl)
DU el by ) sl 78

e Distribution Uniformity Equation:

- DU (%) = (Average Volume of Lowest 25% Catch Cans /
Overall Average Volume of All Catch Cans) * 100

e Worked Calculation Example:

- Overall average volume across 28 cans = 200 mL.

- Average volume of lowest 7 cans (lowest 25%) = 170 mL.

-DU =(170/200) * 100 = 85% (Acceptable Performance).

DU calculation - worked example

mean of all 28 = 200 mL
200 —

Volume (mL)

mean of lowest 7 = 170 mL

14 21 28
Cans ranked lowest — highest

DU (%) = (avg lowest 25 %) + (overall avg) x 100

DU = 170 + 200 x 100 = 85 % — acceptable
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Dripline Technology Comparison
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HYDRAULIC MECHANISM OF PC CNL (PRESSURE COMPENSATING NON-LEAK) EMITTER
[Top Inlet]

LOW PRESSURE (< 1.5 bar)

Labyrinth Path —g =)

Uncompressed
Diaphragm I
Water Gap

Outitant Port —————(J L

Diaphragm
Deflection due
to Pressure

Narrowed
Flow Channel

PC Regulation

Active i
o <+— Maintained
Maintained ————{ |}l Constant Flow

[Inlet Filter]

[Regulation Chamber]

[Silicone Diaphragm]
(Flexible Pressure Membrane)

Supply Water

[C] Emitter Housing

M Silicone Diaphragm [Outlet Port Seat]
[ Labyrinth Sealing Position (< 0.7 bar)

[Qutlet Port]

[ Contralled Flow NON-LEAK (CNL) MECHANISM



Hydraulic Shock (Water Hammer) Dynamics
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SYSTEM REMEDIES: SAFEGUARDING IRRIGATION FROM
WATER HAMMER (HYDRAULIC SHOCK)

o STRATEGIC PLACEMENT: WATER HAMMER ARRESTOR Tee'd conﬁguration Captures the primary

[FAST-CLOSING =3 [WATER HAMMER shockwave before it hits the valve seat.
OLENOID VALVE] ARRESTOR]

: MAIN SUPPLY
Absorber piston mitigate \ : LINE
pressure surge. e N l

e PIPE SIZING FOR FLOW VELOCITY REDUCTION

Scenario 1: Pressure Scenario 2: Correct Sized Pipe
Small Diameter Pipe  Z=y (Header) /

Pressure Gauge

| Key Principles:
1. Arrest shock at source.
2. Slow water columns.

: Design Standard:
Velocity < 1.5m/s  Increased area reduces Pipe sizing keeps velocity
[Low Friction / Safe] kinetic energy (1/2mv3). | < 1.5 m/s in main lines.

Velocity > 2.0 m/s
[High Resistance / Risk]
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Water Hammer Mitigation Strategies
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Air Release & Vacuum Breaker Valves
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Solenoid Valves & Waterproof Connections
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