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Ag ricu Itu I'€ on the west side of the San Joaquin Valley of California, like many irrigated arid land agricultures, suffers - w
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from increasing soil salinity and water logging and faces large scale land retirement in the near future if salts and subsurface drainage Fresh Water 'FD;‘ Crop and is achieved by concentrating the salt 100 A
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closure of drains originally intended to convey subsurface drainage water out of the Valley left farmers with few alternatives. decahydrate (mirabilte), leaving other E
Integrated farm drainage management (IFDM) systems employing sequential water reuse have emerged in recent years as potential salts and impurities in solution. Further £ s
phytoremediation techniques to improve salinity management. Development of acceptable final salt removal approaches is critical to ;"E‘“';gdaf" “’;‘"9 of U‘“E Sefﬂmd EIbN
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the overall success of such systems. Solubility characteristics of sodium sulfate offer the potential to recover purified sulfate for N s ion | a ma?ke(ablep product. The principel T i
commercial markets. Salt separation and purification using solar concentration and ambient cooling processes are currently being || L1 means currently under investigation of "
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solution is solar evaporation using either Hourof Day
meteorological conditions and may range from as low as 28% to more than 85% of total salt. stils to recover distiled water along with
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The San Joaquin Valley Salt Separation and Purification Recycle without distillate 800
is composed of The basis for me snlar salt separation process is the fractional ( recovery.  Horizontal g o -
geologic basins, the upper it (Na,S0,.10H,0, o Cooling and solar ~ evaporators 5w
San Joaquin basin drained mirabilite or Glaubers salt) from solution using the distinctive v Crystallization and  higher  rate b
by the San Joaquin River solubility characteristic of this compound. This same fractional Concentration I designs are  being im
flowing northwards to the igation Evapananspiaton o water crystallization is standard industrial practice for the commercial and Heating additia) Gait tested. Other sources £
Sacramento-San  Joaquin water production of sodium-sulfate (Na,SO,, thenardite) from natural Regovery of heat, including 100 iy
River Delta, and the sources, although the industrial process typically employs waste _heat, and T e e
closed Tulare - substantial energy input for cooling. The decahydrate solubility integrated approaches Hourof 0o
Lake basin making up the o e increases steeply with temperature. The conceniration in a | | coupled with_reverse 4
southern half of the valley. pure liquid solution in eguilibrium with the solid decahydrate Sodium Sujfate. Vehing and irabiite osmosis  (RO) and
increases from 6 g per 100 g pure water (ghg) at 0°C to 55 ghg Recovery other pre- ¢
The westem valley is divided into three major hydrogeologic zones 1) an Sa e H at 32.4°C. At the latter temperature, the decahydrate solubility concentration systems s sy
upper semi- to un-confined aquifer, 2) a confining clay layer (the o iomess cops H becomes equal to the anhydrous sodium sulfate solubilty. can also be used. 2
Corcoran clay), and 3) a confined aquifer below the clay. The upper = Whereas the decahydrate solubility increases with increasing £
semi-confined zone is comprised largely of three other hydrogeologic Haophyies temperature, solubility decreases with increasing temperature Other Salt is
units including a Coast range alluvium extending from the western Coast m— for solutions in equilibrium with the anhydrous solid. The Markets a,
mountain range towards the center of the valley and running over a e ES—— ] anhydrous sulfate is unstable at temperatures below the H
Sierran sand deposit extending from the east. Flood basin deposits from oo = transition temperature of 32.4°C and will crystalize as = 1 S|
the San Joaquin River are located in the valley trough. The Corcoran decahydrate if solid decahydrate is introduced (e.g. as seed . o
clay layer is an inhomogeneous zone of multple clay layers interbedded crystal) or is otherwise present. The rejection of other ions [rafaarEe 0 60 1200 1800 2600
with more permeable materials. The confined layer below is comprised during sodium sulfate crystallization is high, s good purity can and Storage Hour of Day
principally of flood basin, deltaic, lacustrine, and alluvial deposits. The B generally be obtained in mixed salt systems
Tulare Lake basin is characterized by dry or ephemeral lakebeds and ]
lake sediments in addition to the three hydrogeologic subunits of the > ST
semi-confined zone found throughout the valley. Marine Coast range fas im
sediments contain salts and various trace elements including selenium, The western valley includes about 1 million ha of irrigable farm land. About 40% of the area Sodium sulfate recovery can reduce the total quantity of residual salt needing final storage. © 180 Principal markets for sodium om0
boron, molybdenum, and arsenic. lrrigation dissolves these into shallow | is currently impacted by high water tables, drainage restrictions, and salt accumulation. In Concentrations and masses were predicted for concentrate following solar evaporation, residual e sulfate are in detergents, textile § 25
groundwater and drainage water flows. Concentrations are lower in the the absence of an outof-valley drainage disposal alternative and given the adverse solution following precipitation of sodium sulfate, and residual salt evaporite following final evaporation s 150 dyeing, pulp and paper, and S0
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Sources of salt in the western San Joaquin Valley. drainage water, and salt. One altsrative developed over the last two decades involves present in varying amounts. Mass quanites for the RR site data are computed on the basis of | S A S relatively stable since 1983 at S +
sequential reuse of water on crops of increasing salt tolerance. This integrated on-farm  proectes it masses, B8 ste o actual salt concentrations and water flows || =, y w &  around $90 Mg. At this price, s 0
Source Quantity of Salt (Tg y) drainage management (IFDM) system has evolved from an agroforestry based “Concenvafion img kg ) —_—(annual applied fresh irrigation water = 1600 ML, H il s sulfate of sufficient purity would 0 600 1200 1800 2400
\mported through Delta 160 phytoremediation concept to a combined approach utilizing multiple stages of plant growth A%LTDS 400 mg kg* yielding 640 Mg of applied | | 8 L yield add"mnal revenue up to Hourof Day
— T followed by a final physical salt removal step. The IFDM system has been implemented in . Total drainage water from the halophytes | & 5 $140 hal y? of total drained
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e R iRan diversion 2.2 accumulations of salt in the root zones of the main production areas and in improving soil system was 44 ML with a salt conceniration of E occupied by the salt recovery '
Lateral stream inflow . o1 quality on previously salt affected lands. The reuse of drainage water in the system is 10,620 mg kg and containing 468 Mg of salt. system. Markets also exist for 09 o
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