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Table 1.  Nomenclature or Glossary of Terms.
	Term
	Description
	Units

	As
	Mineral’s surface area
	cm2

	Ci
	Non-equilibrium aqueous concentration of species i 
	moles•cm-3

	DL
	Longitudinal dispersion coefficient
	cm2/s

	K
	Solubility product of the mineral
	Stoichiometry dependent

	k+
	Intrinsic mass transfer constant for dissolution
	moles•cm-2•s-1

	Q
	Ion activity product
	Stoichiometry dependent

	Ri
	Reaction rate of mineral species i 
	moles•cm-3•s-1

	t
	time 
	S

	V
	Volume of fluid
	cm3

	vx
	Seepage velocity in the x or vertical direction
	cm•s-1

	x
	Length along the fluid flow-path
	Cm

	θ
	Porosity of the soil bed
	Dimensionless








Table 2.  Arabian Gulf seawater and shallow coastal groundwater quality in Abu Dhabi. 
	Parameters
	Arabian Gulf
	Masdar Well 2
	Masdar Well 3
	Masdar Well 4

	Latitude (WPS)
	
	24°26'4.63"N
	24°25'35.42"N
	24°25'49.95"N

	Longitude (WPS)
	
	54°36'15.68"E
	54°37'1.46"E
	54°37'59.68"E

	Cl-
	23,000
	165,000
	170,000
	93,900

	Na+
	15,850
	90,600
	91,700
	53,350

	SO42-
	3,200
	2,600
	2,630
	4,630

	HCO3-
	142
	28.6
	28.6
	67.1

	Mg2+
	1,765
	6,890
	7,800
	3,750

	Ca2+
	500
	3,050
	3,010
	1,830

	K+
	460
	2,850
	2,980
	1,300

	Br-
	80
	184
	190
	23

	NO3-
	ND
	ND
	30.5
	57

	Total mineral content (ppm TDS)
	45,000
	271,203
	278,339
	158,850

	pH
	8.0
	5.41
	6.44
	6.96

	Ionic Strength (M)
	0.691
	5.105
	5.274
	2.996

	Equiv. NaCl (M)
	0.65
	3.94
	3.99
	2.32


Note.  All units in ppm, except pH, ionic strength, and sodium chloride concentration.


Table 3 (a).  Detailed Initial Conditions by Cell for Soil Type AD134.
	
	Cell Number
	1
	2-4
	5-7
	8-12
	13-18

	Porewater
	Ca2+
	meq•L-1
	46
	40
	32
	35
	38

	
	Mg2+
	meq•L-1
	144
	47
	22
	30
	37

	
	Na+
	meq•L-1
	1,129
	297
	150
	214
	304

	
	K+
	meq•L-1
	20
	5
	2
	3
	4

	
	HCO3-
	meq•L-1
	3.0
	1.8
	1.6
	1.3
	1.4

	
	SO42-
	meq•L-1
	167
	96
	72
	79
	95

	
	‏‡Cl-
	meq•L-1
	1,318
	286
	150
	203
	295

	
	NO3-
	meq•L-1
	1.5
	0.7
	0.2
	0.4
	0.4

	
	pH
	
	8.52
	8.18
	8.19
	8.19
	8.21

	Porosity
	%
	42.0
	40
	42
	40
	39

	Mineral
	Gypsum
	g
	492.3
	231.7
	436.3
	177.5
	111.2

	
	CaCO3
	g
	62.7
	178.1
	162.1
	191.1
	303

	
	MgCO3
	g
	164.8
	175.8
	93.6
	137.6
	247.8
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	Cell Number
	1-2
	3-8
	9-14

	Porewater
	Ca2+
	meq•L-1
	283
	243
	258

	
	Mg2+
	meq•L-1
	362
	304
	605

	
	Na+
	meq•L-1
	4,482
	2,365
	2,795

	
	K+
	meq•L-1
	64
	54
	88

	
	HCO3-
	meq•L-1
	0.4
	1.3
	0.7

	
	SO42-
	meq•L-1
	14
	13
	20

	
	‏‡Cl-
	meq•L-1
	5,000
	3,000
	4,000

	
	pH
	
	6.55
	7.07
	6.76

	Porosity
	%
	43
	37
	38

	Minerals
	Gypsum
	g
	15
	0
	0

	
	CaCO3
	g
	250.09
	337.18
	224.16

	
	MgCO3
	g
	268.72
	354.33
	441.54
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	Cell Number
	1-2
	3-4
	5-6
	7-11

	Porewater
	Ca2+
	meq•L-1
	37
	53
	31
	18

	
	Mg2+
	meq•L-1
	6
	13
	8
	8

	
	Na+
	meq•L-1
	49
	185
	133
	150

	
	K+
	meq•L-1
	1.1
	3
	3
	2

	
	HCO3-
	meq•L-1
	0.5
	1.8
	1.6
	1.6

	
	SO42-
	meq•L-1
	23
	29
	34
	14

	
	‏‡Cl-
	meq•L-1
	72
	202
	142
	150

	
	pH
	
	8
	8.28
	8.06
	8.22

	Porosity
	%
	33
	42
	48
	48

	Minerals
	Gypsum
	g
	47.25
	368.36
	35.62
	0

	
	CaCO3
	g
	549.69
	280.13
	381.84
	331.96

	
	MgCO3
	g
	74.88
	57.72
	82.77
	123.93


‡ Balance on Cl-



FIGURE CAPTIONS

Figure 1.  Five coastal sites for the Integrated Seawater Energy and Agriculture System (ISEAS) project in Abu Dhabi proposed by Abu Dhabi Urban Planning Council listed together with their respective soil categorization. Compositions are as follows: GHS08 (AD134), TTP52 (AD157), THS02 (AD146), TAS02 (85% AD128: 15% AD129), TF (tidal flat). TAS02 and TF soils were excluded from analysis due to the shallow water table. All sites were located within 5 km from the Arabian Gulf.
Figure 2.  Modelling methodology.  Left:  Conceptual model of spatial discretization of the reactive transport (advection-precipitation/dissolution) model run for the site soils.  Cells were assumed to be 10 cm in depth, with an evaporative loading applied to the top 3 cells as shown.  Depth to groundwater varied among soil types.  Soil mineralogy and initial pore water characteristics were obtained from the Abu Dhabi Coastal Soil Survey.  Right:  Operator Splitting Method in GWB® applied to solve reactive transport simulations by sequentially solving transport and chemical distribution equations at a given time step and a given node before moving on to the next node.
Figure 3.  Mineral precipitation profiles upon evaporation in candidate feedwaters (rows) for halophyte farming using two different activity coefficient models, B-Dot (left column) and PHRQPITZ (right column).  Y-axis shows the moles of each precipitate deposited as a function of the mass of water removed on the X-axis.  Feedwaters range from lowest to highest salinity (Arabian Gulf Seawater = 45,000 ppm TDS; Masdar Well 4 = 159,000 ppm TDS; Masdar Well 2 = 271,000 ppm TDS; Masdar Well 3 = 278,000 ppm TDS).  Glossary of minerals:  Anhydrite: CaSO4; Bischofite: MgCl2·6H2O; Carnallite: KMgCl3·6(H2O); Dolomite: CaMg(CO3)2; Glauberite: Na2Ca(SO4)2; Gypsum: CaSO4·2H2O; Halite: NaCl; Kieserite: MgSO4·H2O; Magnesite: MgCO3; Mirabilite: Na2SO4·10H2O; Sylvite: KCl.
Figure 4.  Simulated precipitation of minerals (by weight percentage) in different feedwater sources over evaporation timescales (up to 99.7% water loss). In general, PHRQPITZ calculations (red line) predicted an earlier onset of precipitation compared to B-dot calculations (blue line) in all cases. The difference in onset of precipitation between the two models also appears greater at higher salinity values e.g. 278,000 ppm vs. 45,000 ppm.
Figure 5.  The salinity of agricultural return water in different site soil types (AD134 (a), AD146 (b), and AD157 (c)) and irrigation loading rates (2.5 m, 3 m and 4 m annually, corresponding to leaching fraction [LF] of 0.25, 0.50, and 1, respectively) predicted using B-dot (blue bar) and PHRQPITZ (red bar) models. Analysis was performed at a fixed evaporation rate of 2 m/yr in all cases applied to the top 3 cells. Irrigation loading correlated inversely with return water salinity for all cases. Predicted salinity was shown to have the greatest difference between the two calculation models in soil type AD134, the highly gypsiferous soil type.
Figure 6.   (Top row) Predicted excess mineral deposition in moles by the end of Year 1 within the three soil types, AD134, AD146 and AD157, under irrigation conditions with a leachate fraction of 0.5 m/yr. Reactive transport modelling was performed by incorporating PHRQPITZ activity calculations. The three soil types indicated different precipitated mineral compositions and distributions along the soil column. (Bottom row)  Porosity change across soil depth at same conditions as the top row. Initial porosity shown as blue dashed line whereas the porosity after one year of seawater application in solid red line.  Modelling was done using PHRQPITZ calculations. All soil types indicated a decrease in porosity at all depths (X positions) in general, though the extent of porosity loss varies across soil depths and soil types.
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