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ABSTRACT

The goal of integrated on-farm drainage management is to utilize drainage, salt, and selenium as resources rather than disposing of them of as toxic wastes.  On-farm technology for the removal and harvesting of salt from drainage is known, and its application is currently being demonstrated and evaluated in the San Joaquin Valley.  Sodium sulfate is the major component of salt in the San Joaquin Valley.  The existing domestic market for sodium sulfate is over 1.5 million tons per year, with over 780,000 tons of sodium sulfate annually imported from other countries.  An opportunity exists to capture a share of this market and to develop new uses for salt products.  This report evaluates the data on salt composition from farms in the San Joaquin Valley, presents an on-farm method for salt management and harvesting, describes the potential for farm-based salt and selenium products and their uses, and presents recommendations for a research and development program.  Marketing of farm-based salt and selenium products will require well-coordinated technical, economic, and environmental policies. The implementation of these new policies will result in sustainable farm productivity and environmental quality on irrigated farmland in the San Joaquin Valley.

I.
INTRODUCTION


The San Joaquin Valley Drainage Implementation Program established a Salt Utilization Technical Committee to evaluate technical and commercial opportunities for salt and selenium utilization and to suggest a research and development program.  Salt imported into the Valley in the irrigation water supply accumulates in Valley soils adding to the naturally occurring salt.  Selenium is also naturally present in some westside Valley soils.  Accumulated salt, concentrated in drainage water, must be removed from irrigated farmland to maintain soil and water quality and sustain productivity.  Until recently, salt, selenium, and drainage were considered agricultural waste products requiring disposal into evaporation ponds, the San Joaquin River, or the Pacific Ocean with economic and environmental costs.  Technological innovations do frequently address economic and environmental problems in practical and effective ways, and materials once considered wastes can become valuable resources.  This approach has lead to the development in the Westlands subarea of an Integrated On-Farm Drainage Management System (formerly known as agroforestry), where salt, selenium, and drainage can be managed as farm resources instead of wastes, and sequential reuse of drainage results in more efficient agricultural use of water.  The salt in drainage becomes more concentrated with each reuse, and is finally separated in a small solar evaporator, and then is available for harvest.  In the Tulare/Kern subarea of the southern Valley, drainage is directly conveyed to large evaporation ponds, where after evaporation, salt may be available for harvest.  Some selenium in soil water solution is taken-up by crops and halophytes, and is available for marketing in selenium deficient areas.  Some selenium is volatilized into a non-toxic gas by crops and micro-organisms.  The remaining selenium is deposited in the solar evaporators along with the salt.


There is presently no products marketed from San Joaquin Valley farm-produced salt, although methods of harvesting are currently being researched and demonstrated.  A worldwide market for sodium sulfate exists, but farmers are not producing salt products to sell at this time.  At present no products are marketed specifically for the beneficial use of the selenium content, although a worldwide market also exists for industrial selenium, selenium-containing animal feed and supplements, and human health-enhancing selenium supplements.  A large proportion of selenium used in this country is imported.  Neglecting these salt and selenium marketing opportunities would be comparable to growing agricultural products in the San Joaquin Valley, disposing of them, and importing food and fiber from other countries, an unsound economic and environmental policy.  This report presents the findings of the Salt Utilization Technical Committee on opportunities for separating, harvesting, purifying, manufacturing, and marketing salt and selenium products, harvestable and producible on farms in the San Joaquin Valley.

II.
SALT IN THE SAN JOAQUIN VALLEY


In an average year, imported surface water supplies carry over 2,800,000 tons of salt into the San Joaquin Valley.  Only 350,000 tons of salt leave the northern Valley each year, all by way of the San Joaquin River.  Therefore, achieving a salt balance would require removing another 2.45 million of tons of salt a year (see Appendix B, DWR Water Facts, Salt Balance in the San Joaquin Valley, March 1998). 



The drainage discharged into evaporation ponds, solar evaporators, and the San Joaquin River has EC values ranging from 7 to 32 dS/m.  The primary ionic constituents of the dissolved mineral salts in the drainage are Na, SO4, and Cl. Ratios of Cl to SO4 are typically less than one, and most ratios are less than 0.5 (Westcot et al., 1993).  This is in contrast to natural inland salt lakes and seawater that commonly show ratios far in excess of 1.0 (Westcot, et al., 1990).  The presence of elevated sulfate levels has been attributed to the chemical weathering of natural and applied soil gypsum after the leaching of more soluble soil salts (Tanji, et al., 1992).


Drainage in evaporation ponds or solar evaporators typically evapoconcentrates to 4 to 40 times less than the discharge volume and may eventually completely evaporate.  As desiccation occurs, the solubility products of minerals are exceeded and evaporite minerals precipitate.  Evaporites are defined as very soluble salt minerals that form in the precipitation stage before the pond or solar evaporator reaches total dryness.  They have wide ranging solubilities and the type of mineral formed is based primarily on the chemical makeup of the water and the ionic concentration factor.  The most common evaporite minerals include halite (NaCl), thenardite (Na2SO4), and mirabilite (Na2SO4.10H2O), but over 25 different evaporites have been identified in some evaporation ponds, even though the concentration factor did not exceed 40 (Tanji, et al., 1992). 


A large volume of information exists related to drainage water quality in certain areas of the San Joaquin Valley.  For example, annual water quality surveys have been conducted at each Valley evaporation basin.  Samples were collected from each cell or subcell within a basin, as well as from each inlet to a basin.  All samples were analyzed for total recoverable trace elements and mineral salts (a description of the sampling and quality assurance program can be found in Chilcott, et. al., 1993b).  In addition, there are a number of reports available that have compilations of water quality characteristics from drains in the San Joaquin Valley.  In May 1985, the Regional Water Quality Control Board, Central Valley Region, began a water quality monitoring program to evaluate the effects of subsurface agricultural drainage on the water quality of drains in the Grassland Area of western Merced County.  Reports are available that cover the period from 1986 to 1995 (Chilcott et al., 1989; 1995a; Karkoski and Tucker, 1993a; Steensen et. al., 1996a; Vargas et. al., 1995; Westcot et al., 1990; 1991; 1992a).  


Mud Slough (north) and Salt Slough are the only two tributaries in western Merced County that consistently flow to the San Joaquin River and both tie into continuous flow monitoring stations operated by USGS.  Mud Slough is now the only conveyor of agricultural subsurface drainage discharge to the San Joaquin River, and also carries a varying mixture of surface agricultural drainage, operational spillage from irrigation canals, and seasonal drainage from duck ponds that are flooded each winter.  Laboratory analyses were made for pH, EC, Se, B, Cu, Cr, Ni, Pb, Zn and Mo at intervals from weekly to monthly.  The anions Cl and SO4 were also monitored at selected sites and times.  Similar reports are available for a 60-mile section of the Lower San Joaquin River extending from Lander Avenue (Hwy 165) near Stevinson to Airport Way near Vernalis (Chilcott et al., 1995b; James et al., 1988; Karkoski and Tucker, 1993b; Steensen et al., 1996b; Westcot et al., 1989; 1990; 1992b).  The two Sloughs drain into the River in this region, as do the Merced, Tuolumne and Stanislaus Rivers, which drain the Sierra Nevada mountains from the east.  

III.
COMPOSITION OF SALT SAMPLES FROM THE SAN JOAQUIN VALLEY


Analytical results for solid evaporate salt samples collected from the Mendota and Peck Farms solar evaporators in 1995 and from the Peck evaporation pond (unknown date of sample collection) are presented in Table 1.  Another twelve samples were collected from five sites in the SJV in 1998; these were split into two sets.  The first set was analyzed by USDA-ARS-SL, Riverside (Table 2).  The second set was analyzed by Crocker Nuclear Laboratory, U.C. Davis (Table 3.).  The differences between laboratory results can be explained by the methods used.  The samples were dissolved in water and analyzed using inductively coupled plasma emission spectroscopy at USDA-ARS-SL; insolubles where not measured.  The samples analyzed at the Crocker Laboratory were subjected to Xray refractometry, which means that dry samples were analyzed.


The 1995 salt from Mendota represents a composite sample from the experimental solar evaporator of an area 70 m2 (750 sq. feet).  The 1998 salt from Mendota includes samples from selected areas of the solar evaporator (#6, #7, and #8), and a composite sample (#11).  The 1998 salt from RRR includes samples from selected areas of that solar evaporator.  All others are from evaporation ponds that are not in operation; samples were collected from small areas (along the rim) where salt was still visible.  Some soil was unavoidably collected together with the salt.


Samples taken from the Mendota and Peck Farms solar evaporators in 1995 were analyzed and found to consist of predominantly Na2SO4 (Table 1).  It should be noted that salt of different structure was collected from the Mendota site in 1995 and 1998.  It was also visibly apparent that there was a different type of salt crystal in this solar evaporator in the fall of 1997 and in the spring of 1998.  This situation is being investigated.   


The following observations can be drawn from salt sample analysis:

· Sulfate is the major component.

· There is a different composition of salt sampled at the Mendota site in 1995 and 1998.

· The calcium content is higher in samples collected from solar evaporators (Mendota and Red Rock Ranch) than in samples collected from evaporation ponds.

· The sodium level is lower in 1998 samples collected from the solar evaporators (Mendota and Red Rock Ranch) than in samples collected from evaporation ponds.

· The silica level is high in all samples, especially in those from evaporation ponds.

· Reasons for the high water insoluble content of 1998 solar evaporator samples need to be analyzed, and methods developed to eliminate/minimize this content in future operations.

· A standard method for salt sampling needs to be developed.

· A standard analytical method, including a standard reference material, needs to be established.

More extensive sampling and analysis are needed, as well as a survey to determine what techniques to purify salts could be profitable and are commercially available.  Large commercial salt harvesting industries that use sea water to produce pure NaCl already exist.

TABLE 1. CHEMICAL COMPOSITIONS OF EVAPORITE SAMPLES

(San Joaquin Valley Evaporation Ponds At Mendota Project And Peck Farm)

Salt Species


Mendota Project

Peck Farm

Assay
(as %)


 1  

      2

     3

Na2(SO4)


98.8

  99.7

  99.9

CaSO4


0.97

  0.24

  0.05

MgSO4


0.21

  0.06

  0.05

Cl



0.03

     nil

     nil

TABLE 2. SALT ANALYSIS, USDA- ARS - Salinity Laboratory, August, 1998


SAMPLE

Ca
    Mg

Na
K
P
S
Cl


NUMBER              percent of dry weight




 1   LHWD

1.27
0.437

26.0
nil
nil
16.0
5.03


 2   LHWD

1.24
0.342

26.2
nil
nil
16.7
4.40


 3   LHWD

3.60
0.404

15.3
nil
nil
11.2
4.97


 4   ALPAUGH
4.65
0.733

13.4
nil
0.06
9.67
0.622


 5   STRATFORD
1.27
0.841

11.5
nil
nil
8.53
0.851


 6   MENDOTA
19.4
0.795

3.69
nil
0.10
13.5
1.25


 7   MENDOTA
20.8
0.458

2.45
nil
0.11
16.1
0.781


 8   MENDOTA 
20.4
0.557

1.94
nil
0.18
16.3
0.597


 9   RRR

13.4
1.004

8.81
nil
0.12
11.1
2.2


10  RRR

21.0
0.513

2.36
nil
0.18
15.9
2.32


11  RRR

8.80
0.701

13.4
nil
0.10
15.8
2.36


12  MENDOTA
16.9
0.911

6.26
nil
0.14
13.9
2.63

Note: These numbers do not add up to 100 percent because of the varying amount of insoluble material in the samples.  The insolubles are mostly silica.  Some oxygen is also lost, primarily from SO, CO and PO compounds. 
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Crocker Nuclear Laboratory, UC Davis

Jan-00

LHWD

LHWD

LHWD

ALP.

MEYER

ME

ME

ME

RRR

RRR

ME

RRR

Element

Salt #1 

Salt #2

Salt #3

Salt #4

Salt #5

Salt #6

Salt #7

Salt #8

Salt #9

Salt #10 

Salt #11 

Salt #12 

ppm

ppm

ppm

ppm

ppm

ppm

ppm

ppm

ppm

ppm

ppm

ppm

S

97847

108478

70341

75132

72466

143551

161410

166107

139767

180609

165446

167183

Na

30096

33571

30898

12295

25285

9408

18015

15395

9355

15021

49500

20794

Ca

12794

11887

19019

46066

20633

101242

117424

143457

97943

143320

54315

125344

Mg

4264

2052

7181

5097

8047

4649

1699

5130

13016

1379

4072

1507

Al

21043

14349

20610

30124

28512

28079

9298

4711

16147

8492

10227

11560

Si

58417

63892

144268

122001

142579

48110

15979

39590

36113

20344

39763

22760

P

2303

44

0

1491

0

15249

20615

25413

12607

29354

6606

20711

Cl

K

4379

4226

8458

8894

11674

2243

61

1463

1829

151

2261

744

Cr

40

22

22

17

39

40

4

26

10

3

22

10

Mn

166

126

155

349

313

81

46

78

73

51

67

52

Fe

8451

8058

10989

11954

24922

4369

558

2987

2897

725

4831

1635

Ni

15

9

20

34

13

74

90

110

59

136

29

105

Cu

14

9

13

18

29

5

5

5

3

4

5

2

Zn

26

31

36

29

59

19

3

19

34

17

17

11



Despite the abundance of data on drainage flow inputs to evaporation ponds, it would be impossible to calculate the exact composition of the resultant evaporites.  Models have been developed to predict the composition of evaporites, given the appropriate water quality inputs (Smith, 1989; Smith et al., 1995; Tanji, 1995).  There are a great number of variable factors such as ionic strength, temperature, nucleation sites, oxidation-reduction potential, wetting and drying cycles, rainfall, and disturbance of newly forming crystals.  Such factors contribute to a deviance between the observed and expected evaporite precipitation.  Evaporation basins tend to show a greater diversity of evaporites near the shoreline than in pond sediment, for example, possibly a result of frequent wetting and drying cycles. In addition, a sloping bottom may result in more soluble chloride salts being localized near the center and less soluble sulfate salts forming at the shoreline (personal communication with Dr. Ken Tanji, U.C. Davis; and Dr. Don Suarez, U.S. Salinity Laboratory).  In small, on-farm evaporation ponds, some of the variability in the uncertainty factors may be reduced and there may be some potential to manage the pond and control evaporite formation.  This is an area of research that has not been adequately explored.



The presence of selenium, arsenic, boron, molybdenum, and other potentially toxic elements in agricultural drainage may constrain the use of evaporite salt.  The formation of salts from desiccating pond waters inevitably involves contamination by trace elements that are present in the solution.  During evapoconcentration, boron levels tend to increase in direct proportion to chloride. In comparison, selenium and molybdenum tend to increase with evapoconcentration (but not in direct proportion to chloride) because of immobilization mechanisms, and unlike boron they do not exhibit elevated concentrations (see the Task 4 report on Evaporation Ponds).  Arsenic is highly reactive and does not accumulate appreciably in pond water since it is susceptible to immobilization mechanisms, such as volatilization and reduction.  Salts containing hazardous levels of toxics would have to be classified as a toxic waste and would need to be disposed of at a Class I waste disposal site, a costly but necessary option.  Most ponds, however, do not contain toxic levels of selenium, arsenic, boron, uranium, and molybdenum, and do not meet the criteria for toxic wastes (Chilcott et al., 1990a, 1990b, 1992; Tanji et al., 1992; Westcot et al., 1988b).  

IV. INTEGRATED ON-FARM DRAINAGE MANAGEMENT

(SALT SEPARATION  AND  HARVESTING)

Concept of Salt Separation and Harvesting on Farms


The feasibility of utilization of salt from evaporation basins may ultimately depend upon developing a low cost system to segregate and refine salts during the evaporation process.   Integrated on-Farm Drainage Management (IFDM) is a management system based on the principle that saline drainage can be sequentially reused to irrigate crops of progressively increasing salt tolerance, and salt can be recovered from the residual brine (Chart 1).  The demonstration IFDM project at Red Rock Ranch in the Westlands subarea (Chart 2) indicates how this concept has been implemented on a farm in the San Joaquin Valley.  Farm operation is divided into four salinity areas (zones).  Relatively good-quality irrigation water is applied to major commercial crops grown in the non-saline zone, which represents 75 percent of the farm area.  Saline drainage is sequentially reused to irrigate salt-tolerant commercial crops grown on 21.8 percent of the farm in the low-saline zone.  Various salt-tolerant trees and grasses are grown in the moderate-saline zone (2.2 percent), and halophytes are grown in the high-saline zone (0.7 percent).  About 85 percent of drainage volume is productively reused in this process.  Salts concentrated in the remaining 15 percent of drainage volume are collected in a solar evaporator for water evaporation and salt crystallization. The solar evaporator is located on 0.3 percent of the farm area.   Saline drainage may also be used in a solar pond for heat/power generation, or can be processed with a solar still and separator into sodium sulfate, sodium chloride, and other pure salts.  Developing technology for salt removal and harvesting could sustain the long-term productivity of irrigated land.  A pilot on-farm project for salt separation is planned for 1998/99;  this will include a pilot distillation system.  Salt recovery research will be conducted at the University California, Davis.

The SJVDIP report “A Management Plan for Agricultural Subsurface Drainage and Related Problems on the Westside San Joaquin Valley” (September 1990) used the following definition for agroforestry:  “As used in this report, (agroforestry) is the practice of growing certain types of trees with drainage water.  The trees act to dispose of applied drainage and shallow groundwater through foliar evaporation and at that time produce a marketable commodity” (p. 179).  This is the term established in 1985/86 at the beginning of the agroforestry program.  Growing crops and trees logically lead to naming this on-farm practice as “agroforestry.”  This research program has since expanded with the inclusion of additional components, such as salt tolerant crops and halophytes, source control, sequential reuse of drainage water, semi-automatic control of water flows, use of trees as interceptors, a solar evaporator, salt recovery and utilization, selenium management, and wildlife safety.  The basic premise of this expanded on-farm management system is to manage salt, selenium, and drainage as resources and not as wastes.  The original “agroforestry” concept has evolved into “integrated on-farm drainage management”.  The term Integrated on-Farm Drainage Management (IFDM) describes more precisely than Agroforestry the on-farm practices presently being demonstrated.












Chart 1.
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On-Farm Implementation of IFDM Components

A wealth of practical experience has been gained during the initial research and demonstration stages of the IFDM system.  The acquired knowledge will be applied to the development of salt management systems on other farms.  Initial soil and groundwater conditions must be evaluated as the first step.  A system design for the management of drainage water, salt, and selenium must be prepared before any salt tolerant trees and halophytes are planted.  Ideally, system implementation would start with providing an outlet for salt and brine by installing a solar evaporator or other salt recovery facility.  Water distribution pipes, water application systems, pumps, valves, and electronic controllers would be installed prior to crop establishment.  Following this would be establishing areas of halophytes and salt-tolerant crops and trees.  Finally, drainage tiles and sumps would be installed to remove salt and selenium from salt sensitive crop fields.

Solar Evaporators and Salt Recovery Facilities

Salt is harvested in a solar evaporator or salt recovery facility (e.g. water distillation system); this operation must provide safety for wildlife and protection of groundwater quality.  A solar evaporator should prevent wildlife from accessing selenium in discharged brine; this can be accomplished by the following measures:

A.
no or minimum water ponding; water is discharged either by flooding the area or by distributing the brine by sprinklers; the daily volume of brine discharged is correlated with daily evaporation rates; the discharge is controlled by a programmable electronic controller;

B.
using the cycles of brine evaporation and drying;  these drying periods prevent the development of any biological life in the solar evaporator, and. thus, eliminates any potential food source for wildlife;

C.
wildlife hazing; a solar evaporator has a relatively small area that provides good conditions for effective hazing; propane guns have proved to be very effective and reliable;  


Some water ponding occurred during the first year of research; no drying periods and no hazing were used at that time; some level of selenium contamination was observed that first year.  All three safety measures were implemented in the following years, and no bird nesting (nor egg contamination) was observed.  Wildlife hazing is important during the nesting period from February to May in the Valley.


A plastic liner on the surface and drain tiles beneath a solar evaporator are used to prevent any potential contamination of groundwater.  This system is reliable.  Initial handling of the plastic liner is difficult in an open field area; this liner can also be torn, and its repairs are costly and cumbersome.  Alternatives to the plastic liner are under consideration.


A solar still has been tested for the separation of water and salt from brine.  A distillation unit, powered by solar or another type of energy, would eliminate concerns of potential hazards to wildlife and groundwater quality.  A distillation unit can provide a source of drinking water for rural communities or a source of distilled water for industrial purposes.  In this way, all drainage could be reused for the production of salt-tolerant crops and distilled water; no drainage would need disposal.

Halophytes

Some promising types of halophytes are presently available; these include saltgrass, cordgrass, atriplex, salicornia, iodine bush, Jose wheatgrass, and perla.  Several other halophytes, such as purslane, puccinellia, sesbania, orach, and several others are still being evaluated.  For several weeks after planting, halophytes should be irrigated with good irrigation water to establish them well.  After this period, halophytes tolerate drainage water with salt concentration even higher than EC 30 dS/m.  Cycles of watering and drying are important. Uniform water distribution in a halophyte field is essential for plant growth as well as for minimizing water ponding that could potentially attract wildlife.  This uniformity can be accomplished by a well-designed furrow system or, preferably, by level basin irrigation.  Electronic controllers have been used to schedule water applications on halophytes.

Eucalyptus Trees

Eucalyptus has been the most common salt-tolerant tree used for the management of salt and drainage.  Positive results have been obtained from the management of trees over a 12-year period.  Trees initially propagated on various sites in the Valley from seeds imported from Australia did not have uniform characteristics, as the growth rate and salt and frost tolerance varied significantly.  The selection of superior trees through the valuable guidance of the Eucalyptus Improvement Association started in 1987/88.  The best trees (4501, 4543, 4544, 4573, and 4590) were selected and are now propagated as clones by a nursery in Southern California.  The selection and testing process continues with additional eucalyptus varieties.


As with most trees or crops, eucalyptus trees perform best under optimum soil and water conditions with deep, well-drained soil.  Irrigation scheduling must provide for periods of soil drying and aeration.  Overirrigation and water ponding will damage trees as has been observed in the experimental project at Mendota.  Uniform water application was not achieved with the existing irrigation system, resulting in over-irrigation on the west and east sides and tree damage.  In the center section, the trees received an optimal water application and have grown well.  Over watering on the west and east sides also encouraged the growth of understory plants, which became habitat for voles and mice, who in turn caused significant predation damage to the trees.  The lack of applied water, as well as the application of saline water, will cause damage to the trees during the initial establishment period, as occurred in the demonstration project at Red Rock Ranch. 


Newly planted trees need to be irrigated with non-saline or low-saline water 

(< EC 6 dS/M).  Once established, eucalyptus trees and other salt-tolerant crops can be successfully irrigated with drainage of about EC 8 to 12.  A field of salt-tolerant plants may be divided or surrounded by rows of salt-tolerant trees.  Both salt-tolerant plants and trees are utilized in reducing the volume of sequentially reused drainage.  Under optimum conditions, the trees would uptake saline groundwater to lower water tables as well as to intercept sub-surface water flows.  At this stage of sequential reuse, drainage water is mainly applied to salt tolerant plants and only occasionally the trees (e.g. during high flows of drainage water).  Salt-tolerant plants are harvested by mowing or grazing.  Drainage from this plant/tree area is then sequentially reused to irrigate halophytes. Irrigation with saline water (EC 8 to 12 dS/m) that does not include a sufficient amount for the salt leaching requirement will increase the salt load in the soil to levels > EC 20 dS/m that are fatal to the trees.  


The quality of water sequentially reused from trees/salt-tolerant plants to halophytes is very consistent.  The average data on water quality, monitored at the Mendota experimental project over a period of several years, are presented in the following table:

TABLE 4.  AVERAGE APPLIED WATER QUALITY OF REUSED DRAINAGE  

                  (Mendota experimental project)



EC 
Na

SO4

Cl

N03-N
   B
Se



dS/m
mg/L

mg/L

mg/L

mg/L
mg/L
mg/L
trees

  9.4
1422.1
 3070.3
1188.6
78.7
10.3
.321

halophytes
31.0
7828.8
12585.8
4722.0
88.9
55.6
.609
ratio

  3.3
   5.5
  
    4.1

    4.0
  
  1.1
  5.4
 1.9

(halophytes/trees)


Salt concentration (EC) in sequentially reused drainage water increases 3.3 times.  A similar concentration increase occurs for sulfate (4.1x), chloride (4.0x), boron (5.4x), and sodium (5.5x).  Lower ratio values for nitrates indicate their use by plants.  Lower ratio values for selenium indicate uptake by plants, volatilization, and deposition in other sinks.  

Soil Quality and Sustainability

Two major issues of maintaining soil quality and long-term sustainability of IFDM systems need to be addressed:

1.
can the soil quality of reuse areas be maintained at levels that will insure continued productivity of salt-tolerant and halophytic crops, and

2.
can the soil quality of newly drained areas be sufficiently improved to allow for the  production of high value, salt-sensitive crops, thereby making the agricultural operation sufficiently profitable to pay for IFDM installation? 


Available data indicates that soil quality in reuse areas can be maintained if salt is leached, as exemplified by soil monitoring data from the Mendota Experimental Project over a period of eight years (the final report to be published in 1999).

TABLE 5.  SOIL QUALITY DATA from the Mendota experimental project, 1987-1995.



1987

1990

1991

1994

1995

EC
dS/m
10

29

20

14

11

Cl
mg/l
1003

2159

2126

1114

897

SO4
mg/l
3904

11361

7175

6969

5716

Mg
mg/l
96

172

223

132

147

Na
mg/l
465

1441

1719

3477

2466


Ca
mg/l
2161

5584

4242

471

465

B
mg/l
5

20

27

11

11

Se
mg/l
0.118

1.888

0.551

0.134

0.117

(average values to the depth of 90 cm (3 feet))


There was a significant increase in salinity and selenium accumulation in the soil between 1987 and 1991.  During that time drainage was reused only once by application to areas planted with trees and salt-tolerant plants without any means of subsequent drainage and reuse on halophytes or discharge to a solar evaporator.  A decrease of salinity and selenium to original levels was achieved during 1991 to 1995, after installation of a drainage system for the trees and salt-tolerant plants. 


Implementation of an IFDM system has demonstrated that soil quality can be improved on newly drained lands sufficiently to allow for the production of high-value, salt-sensitive crops.  The following table presents soil data for 1995 (prior to IFDM implementation), and for the first three years of IFDM operation at Red Rock Ranch.  Salt and boron were effectively leached allowing the farmer to produce salt- and boron-sensitive vegetables on the reclaimed land.    

TABLE 6. SOIL QUALITY DATA (RRR newly drained fields)

Soil samples































1995 Data


1996 Data


1997 data


1998 Data



Field
Depth
pH
ECe
B
PH
ECe
B
pH
ECe
B
pH
ECe
B


feet

dS/m
ppm

dS/m
Ppm

dS/m
ppm

dS/m
Ppm

10 NW
0-1
7.8
10.0
15.3
7.4
1.8
2.3
7.5
1.0
1.2
7.9
0.9
1.2


1-2
7.7
11.3
15.6
7.5
6.8
7.0
7.5
4.1
4.1
8.0
6.2
1.7


2-3
7.7
10.3
9.0
7.7
9.5
13.9
7.6
6.7
8.9
7.8
5.0
1.7


3-4



7.7
13.3
19.3
7.6
9.1
16.4
8.0
5.1
2.9


4-5



7.6
14.5
19.1
7.6
9.9
18.5
7.8
2.5
3.0
















10 SW
0-1
7.5
13.8
13.3
7.4
3.1
3.9
7.6
1.5
3.8
7.9
0.8
1.0


1-2
7.9
10.7
10.9
7.4
7.5
6.6
7.8
8.4
12.4
7.8
4.4
1.5


2-3
7.7
9.6
8.0
7.4
8.3
7.1
7.7
10.7
12.2
7.9
5.0
2.3


3-4



7.4
9.7
7.3
7.9
9.5
10.9
7.8
5.5
4.7


4-5



7.3
12.1
8.4
8.0
9.4
9.1
7.7
6.4
6.9
















10 NE
0-1
7.8
10.0
3.5
7.4
2.0
1.7
7.4
2.0
1.0
7.7
0.7
0.7


1-2
7.8
4.4
4.8
7.5
6.9
6.3
7.4
4.5
2.9
7.9
2.7
1.9


2-3
7.7
5.8
6.5
7.6
9.0
9.8
7.6
5.6
3.7
7.8
4.5
2.4


3-4



7.5
11.7
13.2
7.4
7.9
5.0
7.9
6.0
4.3


4-5



7.5
12.0
12.9
7.4
7.8
8.1
7.9
9.6
6.6
















10 SE
0-1
7.7
2.9
2.5
7.5
1.1
0.7
7.4
0.8
1.7
7.8
1.0
0.6


1-2
7.8
6.1
4.4
7.8
3.7
3.4
7.9
1.8
2.5
8.1
0.8
0.9


2-3
7.7
7.7
5.1
7.5
7.2
6.1
8.4
3.1
6.5
7.9
1.5
1.4


3-4



7.5
8.2
7.4
7.5
5.4
8.7
8.0
2.4
2.2


4-5



7.4
8.5
7.1
7.9
8.9
8.2
7.9
6.5
6.2
















Economics of Integrated on-Farm Drainage Management


An IFDM economic study has not yet been completed.  The following data have been obtained from John Diener, who operates the Red Rock Ranch demonstration project.   Since IFDM implementation, land value has increased from about $900/ac to about  $2,800/ac.  Crop value has increased from about $175/ac/yr to about $600/ac/yr.  IFDM capital costs are about $500/ac.  At Red Rock Ranch, investment in an IFDM system has resulted in a sustained farm operation, and in increased value of farmland and crops produced.  The economics may be further improved by adding the value of salt harvested from solar evaporators.

Industrial technology for water treatment is presently well developed but remains at high cost, over $1,000/acre-feet of treated water.   Producing salt for industrial use and reusable treated water as marketable co-products could improve the economic feasibility of drainage treatment technology.

Potential Environmental Benefits of Integrated on-Farm Drainage Management

IFDM systems, complete with salt harvesting and utilization as a commodity, could reduce the need for discharging drainage (with dissolved salt and selenium) into ponds, rivers, and the Delta and thereby improving water quality.  Sequential reuse of saline drainage in the production of salt-tolerant crops and trees could contribute to higher water use efficiencies and water conservation.  The experience and data from the 640-acre Red Rock Ranch demonstration project indicates that drainage can be sequentially reused on 60 to 100 acres of land planted with salt-tolerant crops, replacing and thereby conserving over 10 percent of fresh irrigation water use (60-100 acres / 640 acres => 10%).  Solar evaporators require a small area that can be effectively hazed and brine input can be managed to eliminate ponding.  These measures make solar evaporators unattractive to wildlife thereby minimizing access to sources of selenium.  Alternatively, on-farm production and harvesting of a selenium-enriched forage crop could benefit cattle and wildlife in selenium deficient areas.

V.
USES OF SALT AND SELENIUM

Present supply and uses of sodium sulfate


Present U.S. supplies of sodium sulfate total over 1.5 million tons per year.   The sources of sodium sulfate are mining (22 percent), chemical manufacturing 

(26 percent), and import (52 percent).  Sodium sulfate is used in soap and detergents (40 percent), pulp and paper (25 percent), textiles (19 percent), glass making 

(5 percent), and in other uses (11 percent).  The present price of sodium sulfate is about $80/ton.  Salt markets are evaluated in the report “Preliminary Investigation into the Vitrification of Salts from Evaporated Drain Water” (Department of Biological and Agricultural Engineering, University of California, Davis, 1998).  A copy of this report is included in Appendix A.
Existing and potential uses of sodium sulfate


The Salt Utilization Technical Committee evaluated the following methods of utilization of sodium sulfate and other salts: dyeing of textiles, glass making, glazing and other industrial uses, construction blocks, road stabilization, solar ponds, salt flats for car testing/racing and for recreational use, and salt for livestock feeding.  Sodium sulfate has been used for glass production; new opportunities could be in tile manufacturing, use of glass in food processing industries, and in the construction industry as well.  A preliminary research started on the use of farm based salt for dyeing of textiles.  A member of the Committee is in a contact with a company that is developing construction blocks.  An initial discussion started with the Caltrans on uses of salt for road stabilization.  


The construction of solar ponds for heat and electricity production has been considered.  Scientists and engineers in Israel have been working on this method for several years.  Salt flats have been used for car racing and testing in different regions.  They can also be used for recreational car/motorcycle driving.  This use would have a direct economic benefit on communities involved.  The area of salt beds created could also be used as a future source of sodium sulfate for industrial manufacturing.  Sodium sulfate is not suitable for livestock feeding; however, sodium chloride separated from sodium sulfate would be used for this purpose.  The on-farm management of drainage and salt also provides an opportunity for the production of distilled water as a co-product.

Existing and new potential uses of selenium

Technology for the productive use of drainage and salt also provides an opportunity for selenium utilization.  Consequently, the Committee evaluated the potential of selenium use for livestock feeding and for human nutrition.  A feeding research was conducted on the use of selenium “enriched” forage in livestock feeding.  The results were positive.  Hay with some amount of selenium is used in the selenium deficient areas.  A commercialization program for this type of livestock feed needs to be evaluated.  Selenium is essential for human nutrition as well.  Some field crops and vegetables are efficient in selenium uptake.  A marketing opportunity for selenium “enriched” food commodities also needs to be evaluated.

VI.
TECHNOLOGICAL, ECONOMICAL, AND ENVIRONMENTAL ASSESSMENTS OF USES FOR FARM-PRODUCED SALT AND SELENIUM

A.
Sodium Sulfate in Industrial Processes
TECHNOLOGY:  The Use of Agricultural Salt in Glass Making
DESCRIPTION:  Sodium sulfate is primarily used as a fining (or refining) agent in glass making.  Fining agents are used to remove bubbles in the melt.  Sodium sulfate acts in this capacity by decomposing above 1200¡C (typical glass furnaces operate at 1300-1400¡C) into sodium oxide and sulfur trioxide, the latter further decomposing into sulfur dioxide and oxygen.  The gases enter the bubble phase, causing the bubbles to rise more rapidly, and decreasing the processing time for the batch.  Sodium oxide acts as a network modifier in the glass polymer.  Although soda ash (sodium carbonate) is more commonly used, sodium sulfate can also be used as a source of sodium oxide to serve as a flux for lowering the melting temperature of the batch.  The decomposition releases SO2, a primary pollutant, rather than CO2 as in the case of the carbonate.  Scrubbing of SO2, most likely with calcium to produce gypsum, may be needed to control emissions where sulfate is used. 

RESEARCH / DEVELOPMENT & DEMONSTRATION (RD&D) STATUS:  Mendota  salt has been used to produce glass in laboratory experiments at U.C. Davis.  The quality of the glasses has not been assessed other than by direct visual examination and compositional assay.  Salt was used in several different formulations to prepare samples of glass at salt concentrations ranging as high as 50 percent.  A typical 

soda-lime window glass formulation was produced with melting points ranging upwards from 1050¡C.  Of concern from an industrial standpoint is the consistency of the salt composition, and the presence of impurities at levels higher than normally employed.  The Mendota samples have relatively high concentrations of Cl (0.03 percent), 

Fe2O3 (0.06 percent), and P2O5 (0.01 percent) by industry standards.  Cl is corrosive to glass pressing equipment, iron affects color of the glass, and phosphate can affect color and refractive index.  Such salt without further purification might be acceptable for container and window glass, but to what extent the salt can meet purity requirements for higher quality glasses remains to be determined.  However, glass can be produced, and lower quality glass may have some market value as road filler and other similar materials, or as a flux for waste vitrification.   

GOALS OF RD&D:
 Of some interest is the possible use of rice straw ash, mixed with sodium sulfate, as a source of silica for the glass.  Conventional disposal of straw by open burning is restricted, and like salt, identification of markets for the material would prove beneficial.  Unleached ash is that produced from untreated rice straw as conventionally harvested.  Leached rice straw has special interest for power generation, in that most of the alkali metals (K and Na) have been removed along with chlorine (Cl) by water washing (thereby reducing boiler fouling and corrosion).2  Both ash materials contain fairly high levels of iron (0.3 - 1.0 percent Fe2O3) and phosphorous, but Cl is heavily depleted in the leached ash.  However, the feasibility of using rice straw as a source of silica is not a driving determinant in the use of salt for glass making.

MAJOR or CRITICAL BARRIERS:  Sulfur is released into the gas phase when salt is used in glass making.  Purity of resources is not well established for large-scale utilization.  Evaporation, harvesting, and transportation system not developed at this time.

RD&D EFFORTS:  Continue research work at the UCD.  Establish R&D cooperation with the industry.

MARKETS:  Presently about 5 percent of U.S. salt production is used in glass manufacturing.  New markets need to be developed.  While it is clear that agricultural salt can be used in glass making, issues of purity, sulfur emissions, corrosion, cost of recovery, and manufacturing energy and cost need to be addressed.  Lower grade uses of glass from salt also need to be explored in greater detail.

CROSS CUTTING ADVANTAGES:  Sodium sulfate is currently utilized in glass making, and agricultural salt presents a new raw material resource for this industry.  If available in sufficient purity, it may also represent a lower cost alternative to local glass manufacturers while simultaneously solving an environmental problem for farmers. 

PUBLIC INTEREST RD&D BENEFITS:  Developing markets for salt supports the sustainable development of on-farm drainage management systems and improves environmental quality and agricultural sustainability.  Combining salt with other residue materials, for example rice straw ash, offers a means to generate novel products from otherwise waste materials.

MOST IMPORTANT RD&D OPPORTUNITIES:  RD&D opportunities exist in establishing quality factors of salt as distributed throughout the Valley; investigating the quality of glass made using agricultural salt, either as fluxing or refining agent; designing simple, low cost, on-farm purification and production facilities to recover salt at the required purity to meet market demands; establishing the melt properties of standard and residue based glass formulations and the optical, chemical, and mechanical properties of glasses produced with salt; and identify the costs of raw material production and utilization.

COMMERCIALIZATION:  Requires development of on-farm or locally centralized harvesting system with purification as needed.  Joint industry-government-academic effort recommended.

REFERENCES:
1.
Christian, C.  Corning Inc., Corning, NY, personal 






communication.

2. Jenkins, B.M., R.R. Bakker and J.B. Wei.  1996.  On the properties of washed straw, Biomass and Bioenergy 10(4):177-200.

3. Kostick, D.  Sodium sulfate statistical compendium, 1996.  U.S. Geological Survey.

B.
Sodium Sulfate in the Textile Industry

TECHNOLOGY:  Salt for Dying and Finishing of Textiles

DESCRIPTION:  Sodium sulfate is an important chemical in textile industry, which is widely used as electrolytes, dye additives in dyeing of many textile materials for enhanced dye penetration and absorption onto fibers [1].  For example, reactive dyes are the most important and widely used colorants for cotton fabrics in the United States, which may account for two third of total dyes used for cotton fabric.  Sodium sulfate is employed in the dyeing process of reactive dyes in an amount of as much as 100 grams in every liter of dye solution (10 percent).  The common liquid-to-fiber ratio of a dye solution is 10:1.

RD&D STATUS:  Recovery of sodium sulfate from the drainage salt has been studied in the UCD laboratory.  A practical route of recovering Na2SO4 was based on the solubility difference of the two major components in the salt, NaCl and Na2SO4.  Sodium sulfate has a higher solubility in water at elevated temperature and lower solubility at temperature below 15 C.  Sodium chloride, which is another major component in the salt, has almost constant solubility at a broad temperature range.  Therefore, varying temperature of concentrated salt solution will possibly precipitate certain amount of sodium sulfate out of the liquid.  Repeated precipitation or recrystalization of the solid probably can obtain very pure sodium sulfate.  Preliminary study has proved that it is very practical to recrystalize sodium sulfate in a concentrated salt solution, and the purity of the recovered sodium sulfate was high, mainly in a hydrate form, Na2SO4 10H2O.

GOALS OF RD&D:  Develop a pilot on-farm project for harvesting high-purity sodium sulfate.  Test this sulfate for dying various types of textiles.  Develop a marketing strategy for use of ag-based sodium sulfate in the textile industry.

MAJOR or CRITICAL BARRIERS:  Production of ag-based sodium sulfate at competitive price and under environmentally safe conditions.

RD&D EFFORTS:  Initial funding will be provided by the Westside Resource Conservation District, utilizing the funds allocated for experimental and demonstration projects.  Textile industry will be invited to participate in this program.

MARKETS:  Sodium sulfate is widely used in dyeing of many other fibers and also in printing processes.  The total consumption of the salt in textile industry could be in a scale of several thousand tons in the U.S.  The latest U.S. Geological Survey predicts the use of sodium sulfate in textile will increase since the industry has begun to use sodium sulfate to replace other corrosive salts[2].  The marketing potential of sodium sulfate in textile industry is significantly high if the quality of the recovered salt is pure enough.  Therefore, recovery and purification of sodium sulfate from the waste salt and utilization of the recovered salt in dyeing and printing processes will be of significant economic importance to both agricultural and textile industries.

CROSS CUTTING ADVANTAGES:  Technology of harvesting highly-purified sodium sulfate will be transferred to farms in high-salinity regions.

PUBLIC INTEREST RD&D BENEFITS: 
Sodium sulfate produced on farms will sustain environmental quality and agricultural productivity. 

MOST IMPORTANT RD&D OPPORTUNITIES:  Fibers produced on farms will be dyed with agriculture-based sodium sulfate.

COMMERCIALIZATION:  Sodium sulfate harvesting facilities will be developed on farms.  Joint ventures will be supported.

REFERENCES:
1. 
Joseph Rivlin, The dyeing of textile fibers: Theory and





practice. 1992.
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Dennis S. Kostick, Sodium sulfate, U.S. Geological Survey-Minerals, Information, 1996.

C.
Production of Heat and Electricity

TECHNOLOGY:  Solar Ponds

DESCRIPTION:  A salt gradient solar pond is a body of water in which the salinity at the bottom is greater than the salinity at the top of the pond.  A non-convective salt gradient solar pond consists of three zones; a relatively thin homogeneous and convective surface layer, a non-convective gradient zone in which there are gradients in salinity and temperature, and a homogeneous and convective bottom zone which stores the solar heat.  The non-convective gradient zone transfers heat by conduction only.  It thus acts as a partially transparent window of low thermal conductivity that allows some of the solar radiation to penetrate into the bottom zone and heat it.  The gradient zone remains gravitationally stable and non-convective despite the heating of the bottom because the salinity gradient is sufficient to maintain a stabilizing density 

gradient.  The bottom zone which stores heat comprises a concentrated salt solution having a density greater titan 1.25 g/cm3.  And it is this storage zone which is of interest to salt managers.

RD&D STATUS:  Solar ponds have been researched and tested for many years.  Israeli scientists have achieved major development in the solar pond technology.  Scientists and engineers in the United States have also researched solar ponds.  DWR has been studying the feasibility of solar pond utilization for salt management for several years. 

GOALS OF RD&D:  Evaluate technical and economic feasibility of solar ponds for the salt utilization in the SJV.  Prepare an EIR.  If technical, economic and environmental evaluation is positive, develop a pilot solar pond in a selected area of the Valley.

MAJOR or CRITICAL BARRIERS:  Economics of solar ponds.  Environmental feasibility.  Amount of salt that can be utilized in the operation of a solar pond.  

RD&D EFFORTS:  RD&D work will be done by a consulting company, in cooperation with DWR, UC, CSUF, and a water/drainage district in a selected area.

MARKETS:  Potential market for energy generated by solar ponds is in the SJV;  deregulation policies may support the economic feasibility of this program.  Accumulated salt may be used in future years as a feedstock for manufacturing of 

salt-based products.

CROSS CUTTING ADVANTAGES:  The attraction of a solar pond is its ability to safely store the residual salts from a large volume of agricultural drainage water in a manner, which is environmentally safe.  The bonus is that the stored energy could be used for many aspects of heating, including space heating, enhanced biological reaction temperatures, elevated Reverse Osmosis feedwater temperatures, electric power generation with an Organic Rankine cycle turbine and other industrial heating requirements.  A further bonus of solar ponds is the possibility of using shallow ponds as a safe method of storing agricultural drainage water without the added requirements of solar pond maintenance.  Technology can be used also in other agricultural regions in this country and abroad.  

PUBLIC INTEREST RD&D BENEFITS:  Generated heat and energy could be used for food processing, salt handling and processing, irrigation water pumping, or for residential demands in the San Joaquin Valley.

MOST IMPORTANT RD&D OPPORTUNITIES:  Produce renewable energy.

COMMERCIALIZATION:  This technology could be expanded in salinity-affected agricultural regions of California, and other states or countries.  A major commercial barriers could be the low costs of conventionally generated electricity. 

D.
Construction Materials

TECHNOLOGY:  Salt Use in the Production of ECOBLOCKS

DESCRIPTION:  Ecoblocks are made of a variety of waste residuals such as construction debris, concrete blocks, mansory, and glass.  The waste is molded using hypercompaction technology with extreme pressures of 200,000 tons per square inch.  The minerals consolidate, fusing together, in such a way that eliminate shrinking and warping.

RD&D STATUS:  Evaluation is being conducted on using agriculture-based sodium sulfate in ECOBLOCKS.

GOALS OF RD&D:  Test a mix of sodium sulfate with fly ash from power plants, masonry/glass blends, and with other waste materials.  Evaluate the stability of 

“sodium sulfate” ECOBLOCKS.

MAJOR or CRITICAL BARRIERS:  Stability of ECOBLOCKS.

RD&D EFFORTS:  Cooperation of DWR with Zeller International, Inc.

MARKETS:  Construction and landscaping.

CROSS CUTTING ADVANTAGES:  New construction or landscaping material.

PUBLIC INTEREST RD&D BENEFITS:  Enhance the choices of inexpensive construction materials

MOST IMPORTANT RD&D OPPORTUNITIES:  Production of construction material from resources generally considered as waste.


COMMERCIALIZATION:  Construction and landscaping market in the SJV and in large metropolitan areas.

REFERENCES:  Communication with Zeller International Inc, Downsville, N.Y.

E.
Areas for Recreational and Professional Driving

TECHNOLOGY:  Salt area(s) for driving special vehicles 

DESCRIPTION:  Salt harvested on farms would be transported in concentrated drainage water to selected remote areas, water will evaporate, and crystallized salt would create flat surface suitable for driving special vehicles.  This could be used not only for recreational driving but for vehicle testing as well.

RD&D STATUS:  Several natural salt areas have been used for this purpose in this country and in overseas.

GOALS OF RD&D:  Study the requirements for testing and recreational driving of special vehicles.  Evaluate the potential use of this facility by motorists from metropolitan areas.  Prepare an EIR.  Conduct a socio-economic study about the project impact on local communities.  

MAJOR or CRITICAL BARRIERS:  Environmental impact on air quality, groundwater quality, and wildlife needs to be evaluated.  Acceptance of this concept by local people.

RD&D EFFORTS:  Select potential areas.  Provide funding for required studies.  Communicate with people living in local communities.  Communicate with organizations representing potential users of such a facility.

MARKETS:  Evaluate use pattern for the facility, and number of users from metropolitan areas.  Evaluate the geographical area where potential users are living.  Study requirements for motels, camps, restaurants, stores, vehicle service facilities, and other infrastructure required for this recreational/testing facility.

CROSS CUTTING ADVANTAGES:  Salt disposal within the San Joaquin Valley.  Commercial use of salt.  Facility for recreational and professional driving in the 

San Joaquin Valley, used by people living in large metropolitan areas.  Economic benefits for local communities.  Long-term salt storage for its potential industrial use.

PUBLIC INTEREST RD&D BENEFITS:  Sustainability of farming in the San Joaquin Valley.  Economic use of salt as a resource.  Protection of water quality in the Delta by utilizing salt in farming areas for the benefit of rural communities and many citizens living in urban areas.

MOST IMPORTANT RD&D OPPORTUNITIES:  Develop an economic use for salt.  Sustain farming and environment.  Economic development of rural areas.  Applicable to other rural regions in this country and abroad.  

COMMERCIALIZATION:  Commercialization will require support of water/drainage districts, environmental groups, organizations representing users of special vehicles, local communities, and government regulatory agencies.  It will require the support and cooperation of many individuals and groups.

F.
Distilled Water from Highly Saline Drainage

TECHNOLOGY:  Solar Distillation on Farms

DESCRIPTION:  Technology has been developed to concentrate drainage water to the level of 20 to 40 dS/m, and discharge it from a drain system under halophyte field (high-saline zone) into a solar evaporator.  A solar distillation system would be installed between a high-saline zone and a solar evaporator (or a salt producing facility).  The water, in the form of distilled water, would be removed from the final volume of drainage water, its concentration would increase.  This would reduce the required size of a solar evaporator, and increase the efficiency of salt production. 

RD&D STATUS:  Solar distillation has been researched, demonstrated, and used in many countries.  The U.S. Department of Interior, Office of Saline Water, had an extensive program on solar distillation since 1950 to 1970.  Technical literature is available on solar distillation.  A preliminary testing of a small still is conducted at 

Red Rock Ranch. 

GOALS OF RD&D:
 Develop a pilot system for solar distillation on Red Rock Ranch. The operational data will be collected, and the system performance will be evaluated.  If a solar distillation system proofs successful, a larger unit will be built for the RRR operation.  The quality of distilled water will be evaluated.

MAJOR or CRITICAL BARRIERS:  Incorporation of a solar distillation system into a practical technology for the on-farm management of water, salt, and selenium.  Build a cost-effective solar distillation unit.  The system will operate in a highly saline environment, and in the area of occasionally strong wind.

RD&D EFFORTS:  The unit will be built in the farm workshop, with the design assistance from DWR and UCD.  A small portion of the U.S. Bureau of Reclamation’s funds for the demonstration program will be used for this project.  

MARKETS:  If successful, solar distillation systems can be used for the management of water, salt, and selenium on many other farms in the San Joaquin Valley.  The distilled water would enhance water supplies for local communities or will be marketed through already established commercial channels, or it will be blended with irrigation water.

CROSS CUTTING ADVANTAGES:  This solar distillation system could also be utilized in the treatment of waste water from food processing plants.

PUBLIC INTEREST RD&D BENEFITS:  Solar distillation would enhance a resource value of drainage water, which would be used not only for the production of forage, industrial crops or biomass, but also for the production of distilled water.  Up to 

100 percent of drainage water would be productively utilized,  there would not be any 

“waste drainage water” any more.  This has a positive effect on water conservation.  

A smaller solar evaporator or salt producing facility would operate under conditions of enhanced environmental safety for wildlife.

MOST IMPORTANT RD&D OPPORTUNITIES:  The solar distillation system would increase the technical and environmental effectiveness of the water and salt management on farms.

COMMERCIALIZATION:  Information about the design and performance of a solar distillation system will be made available to farmers, resource conservation districts, and water/drainage districts in the San Joaquin Valley and other agricultural regions.

G.
Selenium in Livestock and Wildlife Nutrition

TECHNOLOGY:  Production of Selenium-Enriched Forage

DESCRIPTION:  Efficiency of selenium in the diet of cattle and wildlife on annual rangeland is fairly common in mountainous regions of California, Oregon, Washington, Idaho, and Alberta.  Blood selenium levels of cattle are usually well below the recognized adequate level of 0.08 mg/L.  Selenium deficiency can result in white muscle disease, retained placentas and infertility in cattle.  Selenium deficiencies have been corrected by intramuscular injections of a selenium-vitamin E compound, placement of selenium boluses into the cow’s reticulum, or provision of additional selenium in the diet.  This can be achieved by harvesting “selenium enriched” forage on farms, which experience a higher selenium concentration in soils and drainage water.  This type of forage can be then used for livestock feeding in selenium deficient areas.

RD&D STATUS:   A feeding trial was conducted by CSUF in 1989/90 to determine if Atriplex, a halophytic plant grown in selenium surplus farming regions, could be included in the cattle diet to elevate blood selenium content.  Atriplex was incorporated into pellets containing 25 percent Atriplex, 25 percent cottonseed meal and 50 percent barley for a test group.  Feed pellets for a control group were prepared substituting alfalfa for the Atriplex.  Average daily weight gain did not significantly differ among these two groups.  However, there was a significant upward trend in the blood selenium in the group receiving the Atriplex pellets.  These results indicated an opportunity for the commercialization of selenium in both cattle and wildlife feeding. Halophytes have been tested in Integrated on Farm Drainage Management projects in the Valley for over 10 years.  The test results indicate that Atriplex, salt grass (Dichtilis spicata), Jose tall wheatgrass (Agropyron elongatum), iodine bush (Allenrolfea occidentalis), cordgrass (Spartina) , and fivehook bassia (Bassia hyssopifolia) contain from about 0.6 to about 1.8 mg/kg of selenium.  Other halophytes, such as Salicornia, canola or mustard (Brassica) may have selenium levels of 4 to 5 mg/kg and higher.  These plants can be grown on saline soils and be irrigated with drainage water.  Their production as an additional marketable farm commodity would result in managing selenium in an economically and environmentally rational way.

GOALS OF RD&D:
 Select and test plants efficient in selenium uptake.  Compare the economics of “selenium enriched” forage plants with selenium feed additives.  Evaluate the acceptance of “selenium enriched” forage for livestock and wildlife.

MAJOR or CRITICAL BARRIERS:  Management of “selenium enriched” forage with respect to wildlife safety.  Sulfate inhibition of selenium uptake by plants.

RD&D EFFORTS:  Work with the USDA-ARS laboratories in Fresno and Riverside (USSL).  Establish cooperation with feed companies and wildlife biologists.  Conduct additional feeding trials.

MARKETS:  Ranches and wildlife habitats in selenium deficient areas of the Western states.  Selenium-containing brine shrimp grown in evaporation ponds are presently being marketed as aquarium food.


CROSS CUTTING ADVANTAGES:  Create a source of ag-based selenium for livestock and wildlife.  Eliminate the concentration of selenium in the state water system.  Produce plant material to use in making and marketing a high selenium organic compost fertilizer for Se deficient soils.      

PUBLIC INTEREST RD&D BENEFITS:  Manage selenium in a productive way as a resource enhancing the health of livestock and wildlife rather than as a toxic waste.

MOST IMPORTANT RD&D OPPORTUNITIES:  Develop agricultural source of selenium.

COMMERCIALIZATION:  Develop of product specification for “selenium enriched” feed for livestock and wildlife.  Review marketing procedures and regulations.  Establish specific marketing procedures and regulations (if needed).  Promote the commercialization of  “selenium enriched” feed for livestock and wildlife.

REFERENCES:
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H.
Selenium in Human Nutrition

TECHNOLOGY:  Production and marketing of “selenium enriched” food commodities

DESCRIPTION:  Recent research has shown that selenium is an essential element in the production of antioxidants in the human body and that selenium plays an important role in human disease prevention.  Epidemiological evidence gathered worldwide shows that people who live in areas with naturally high soil Se and with a dietary intake of about 750 mcg/day, have a significantly lower risk for cancer while showing no Se toxic effects.  Cancer patients typically have low Se levels, and those with lower than average levels experience more severe cancers.  Lower Se levels in humans are also associated with increased occurrence of heart disease, arthritis, and muscular dystrophy, as well as generally lowered immunities.  Se supplementation has been found to be effective as a treatment for these illnesses and in stimulating the immune system, and additionally has shown indications of counteracting the effects of aging and protecting against the effects of some toxins (Lieberman and Bruning 1997).  


The current U.S. Government Nutrition Standard, or Reference Daily Intake (RDI) for Se is 70 mcg/day.  Studies have shown that the average daily dietary intake of Se is about 100 mcg/day, but that individual intakes vary widely depending on the source of food (Lieberman and Bruning 1997).  In the U.S., high soil Se is found in North and South Dakota as well as the Westside San Joaquin Valley, but most of the agricultural soils of the U.S.  are deficient or depleted of Se.  Se is generally low in fruits and vegetables, and higher in seafood and meats, but only if the animals had a diet high in Se.  Exceptions are onions, garlic, broccoli, and whole grains, which may have high concentrations if grown in high Se soil.  A dietary, organic form of selenium, selenomethionine, has been found to be the most assailable form and least potentially toxic in humans.  Selenomethionine can not be synthesized by the body, so must be obtained through diet or supplementation.  

RD&D STATUS:  Se is the subject of research at places such as the National Cancer Institute, and research articles on Se regularly appear in prestigious medical journals such as the New England Journal of Medicine, British Medical Journal, Lancet, American Journal of Epidemiology, Cancer Research, and American Journal of Clinical Nutrition, among others.  A range of 200-400 mcg/day of Se has now been recommended as an optimum daily intake for health maintenance and prevention of disease such as cancer.  Selenium toxicity in humans, from intake of selenomethionine, has not been found to occur until levels exceed 2400 mcg/day for some, and more generally, 5000 mcg/day.  Toxicity in humans from sodium selenate may occur at ingestion of more than 1000 mcg/day (Lieberman and Bruning 1997).  While sodium selenite has been found to be carcinogenic in high doses, organic selenium has not been found to be carcinogenic (Ronzio 1997).        

GOALS OF RD&D:  A process could be developed for extracting selenium from drainwater or plant crop material for marketing to pharmaceutical companies; develop an on-farm process for cultivating Se yeast in a drain water or crop fermentation medium;  produce crops of onions, garlic, broccoli, or wheat on high Se soils and market the produce as a specialty crop having unusual health benefits (given FDA approval).

MAJOR or CRITICAL BARRIERS:  FDA approval will be required for selenium enriched food commodities.

RD&D EFFORTS:  Specialty crop production research done by universities or private research companies.  A marketing study is needed to determine what would be the best selenium enriched food commodities that could be produced, how could quality and uniformity be assured, and how could this food be successfully marketed in the midst of many other selenium products already being marketed.

MARKETS:  Pills typically containing 200 mcg of Se in the form of selenomethionine as a dietary supplement, can now be commonly found on store shelves not only in health food stores, but also pharmacies, supermarkets, and large discount chain stores.   Pharmaceutical companies produce the Se by cultivation and extraction from Se-rich yeast.  If a demand for Se supplementation of 200 mcg/day was only 100 million people worldwide, that would require a supply of 7.3 metric tons of Se annually.

CROSS CUTTING ADVANTAGES:  Create a source of ag-based selenium for human nutrition.  Eliminate the concentration of selenium in the state water system.

PUBLIC INTEREST RD&D BENEFITS:  Enhancement of health food options.

MOST IMPORTANT RD&D OPPORTUNITIES:  Develop agricultural source of selenium.

COMMERCIALIZATION:  Standardization and marketing of selenium products, as well as selenium-enriched food, would have to be researched and developed.  

REFERENCES:
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VII.  RECOMMENDED  ACTIONS

The status of management and utilization of farm-produced salt and selenium is presented in Chart 3.  New uses for salt not discussed in detail in the main body of this report are included, specifically the manufacture of soap and detergent, pulp and paper, and use of halophytic salicornia as a dessicant.  The chart provides guidance for planning future research and development activities.
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Recommended R&D Activities for Salt Separation and Harvest

1.
Complete Integrated on-Farm Drainage Management systems (which include the efficient use of irrigation water in the production of conventional farm crops, sequential reuse of drainage to produce salt-tolerant plants and trees, and solar evaporators or other salt harvesting facilities) must undergo further development and testing on additional selected farms in the Valley.

2.
Methods of on-farm salt and selenium separation and recovery, to produce salt and selenium consistent with required industrial quality and product standards at competitive costs, must be developed and tested on individual farms or in regional facilities.  New standards will be developed for new products. 

3.
A standard method for on-farm salt sample collection must be established.  This method must be applicable to the different methods of salt separation in use in the San Joaquin Valley.

4.
A standard analytical method for determining salt and selenium sample composition, including a standard reference material, must be agreed upon and used by the USDA, university, and private laboratories.

5.
Regional variability in the composition of farm-produced salt in the San Joaquin Valley needs to be determined.

6.
Long-term on-farm salt storage facilities need to be developed in compliance with environmental and economic requirements.

Recommended R&D Activities for Salt and Selenium Utilization

1.
Research at research centers and universities on the development and marketing of new farm-based salt products should continue and be supported.  Effective cooperation with the industry should be established and promoted.

2.
The use of farm-based salt for surface/road construction should be tested and evaluated.

3.        Evaluate technical and economic feasibility of solar ponds for the salt utilization in the SJV.  Prepare an EIR.  If technical, economic and environmental evaluation is positive, develop a pilot solar pond in a selected area of the Valley.

4.
Test a mix of sodium sulfate with fly ash from power plants, masonry/glass blends, and with other waste materials.  Evaluate the stability of “sodium sulfate” ECOBLOCKS.

5.
Study the requirements for testing and recreational driving of special vehicles.  Evaluate the potential use of this facility by motorists from metropolitan areas.  Prepare an EIR.  Conduct a socio-economic study about the project impact on local communities.

6.
Develop a pilot system for solar distillation on Red Rock Ranch. The operational data will be collected, and the system performance will be evaluated.  If a solar distillation system proofs successful, a larger unit will be built for the RRR operation.  The quality of distilled water will be evaluated.

7.
Uses and products for farm-based sodium chloride and selenium enriched forage for livestock and wildlife feeding need to be developed, and additional feeding trials need to be conducted.  Cooperation with feed companies and wildlife biologists should be established and promoted.  Select and test plants efficient in selenium uptake.  Compare the economics of “selenium enriched” forage plants with selenium feed additives.  Evaluate the acceptance of “selenium enriched” forage for livestock and wildlife.

8.
A process could be developed for extracting selenium from drainwater or plant crop material for marketing to pharmaceutical companies; develop an on-farm process for cultivating Se yeast in a drain water or crop fermentation medium;  produce crops of onions, garlic, broccoli, or wheat on high Se soils and market the produce as a specialty crop having unusual health benefits (given FDA approval).

Recommended Salt and Selenium Marketing Studies

1.
Develop commercial standards and practices for marketing of farm-based salt products;
2.
Develop marketing standards and practices for selenium enriched livestock/wildlife feed;

3.
Evaluate the regulatory and commercial feasibility for marketing selenium-enriched food products;

4.
Study economic criteria for achieving the commercial competitiveness of 


farm-based salt and selenium products;

5.
Develop strategies for capturing a major share of the import market for sodium sulfate;

6.
Develop a promotion program for farm-based salt and selenium products in the domestic and export markets.

Recommended Funding Sources for R&D Activities and Marketing Studies


Proposition 204 funds, CALFED funds, and other available federal or state funds could be used for these activities and studies.  Specific directed proposals in fulfillment of section 7.0 recommended actions should be encouraged and developed for submission.
VIII.  CONCLUSION


Integrated on-Farm Drainage Management systems (formerly agroforestry) has been developed to manage drainage water and to separate and harvest salt from irrigated farmland.  The opportunity exists to utilize salt and selenium as commercially viable resources.  This report offers an initial assessment of the composition of salt available from irrigated farmland, existing and possible new salt and selenium uses and products are described, and the potential for commercialization of farm-produced salt and selenium products is evaluated.  A research and development program to further utilization and commercialization will be required and is recommended.  An integrated approach to on-farm management that includes production of commercial salt and selenium products, along with utilization of drainage in the production of crops and recyclable distilled water is advantageous for on-farm salinity management.  The sustainability of the productivity and environmental quality of irrigated farmland, achievable through implementation of the IFDM system, requires a well-coordinated and funded effort.  This is a great challenge that needs to be addressed fully and responsibly.
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PRELIMINARY INVESTIGATION INTO THE VITRIFICATION OF SALTS FROM EVAPORATED DRAIN WATER

A report prepared for DWR and WRCD by Bryan M. Jenkins, Professor, Biological and Agricultural Engineering Department, University of California, Davis
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SALT COMPOSITION OF EVAPORATION PONDS.

by M.C. Shannon


Where natural drainage is limited, growers are using agricultural evaporation ponds to dispose of saline subsurface drainage waters.  The water table for about 765,000 acres of the irrigated land in the San Joaquin Valleys west side is less than 

5 feet below the land surface.  By the year 2000, 918,000 acres are expected to be water-logged and thus there with be a greater need and dependency on subsurface drainage systems and re-use or disposal of drainage waters.


Between 1972 and 1985, 28 evaporation ponds or basins were installed in the San Joaquin Valley, some of these are now closed (Tanji et al., 1993).  These ponds cover about 7,000 acres and vary in size from 10 to 1,800 acres.  The evaporation ponds receive about 32,000 acre-feet of subsurface drainage a year from about 

56,000 acres of tile-drained croplands.  The drainage waters discharged into these ponds carry with them approximately 800,000 tons of dissolved mineral salts every year, equivalent to about 25 percent of the annual salt accumulation in the valley’s west side.  The annual net weight of salts accumulating in the ponds, when seepage losses are considered, has been estimated at 630,000 tons per year (Tanji and Grismer, 1989; Tanji et al., 1992).


The quantity of dissolved minerals salts discharged into a pond over its designed lifetime is difficult to predict because of variations in subsurface drainage quantity and quality, and in evaporating efficiency (Tanji and Dalgren, 1990).  The drainage waters initially discharged into ponds have EC values ranging from 7 to 

30 dS/m.  The dissolved mineral salts in the drainage water are Na, SO4, and Cl. Ratios of Cl to SO4 are typically less than one, and most ratios are less than 0.5 (Westcot et al., 1993).  This is in contrast to natural inland salt lakes and seawater, which commonly show ratios far in excess of 1.0 (Westcot, et al., 1990).  The presence of the elevated sulfate levels has been attributed to the chemical weathering of gypsum once the soluble soil salts are leached out (Tanji, et al., 1992).


Earlier studies have been conducted to quantify evaporation rates from saline bodies of water (see Grismer et al., 1993).  As the specific gravity of Owens Lake water increased, evaporation rates declined (Lee, 1927).  At a specific gravity of 1.273, a salt crust formed on top of the water and the evaporation rate fell to 73 percent of that for distilled water.  Similar results were reported in the agricultural literature (Rohwer, 1993), brine wastewater literature (Moore and Runkles, 1968; Kuznitsove, 1970) and other water resources literature (Turk, 1970; Calder and Neal, 1984; Steinphorn, 1991).  Conceptually, evaporation from a free water surface is also affected by the air temperature, wind speed, humidity, net solar radiation, solution (water) temperature, and color.  


Drain water in evaporation ponds typically evapoconcentrates 4 to 40 times its original volume and may eventually go to dryness.  As desiccation occurs, the solubility products of minerals are exceeded and evaporite minerals precipitate.  Evaporites are defined as extremely soluble salt minerals that form in the precipitation stage before the pond reaches total dryness.  They have wide ranging solubilities and the type of mineral formed is based primarily on the chemical makeup of the water and the concentration factor.  The most common evaporite minerals found in evaporation ponds include halite (NaCl), thenardite (Na2SO4), and mirabilite (Na2SO4 . 10H2O), but over 25 different evaporites have been identified in some ponds even though the concentration factor did not exceed 40 (Tanji, et al., 1992). 


A large volume of information can be found related to drainage flows in certain areas of the San Joaquin Valley.  For example, annual water quality surveys have been conducted at each evaporation basin in the San Joaquin Valley.  Samples were collected from each cell or subcell within a basin, as well as from each inlet to the basin.  All samples were analyzed for total recoverable trace elements and mineral salts.  A description of the sampling and quality assurance program can be found in Chilcott, et al., 1993b.  In addition, there are a number of reports available that have compilations of water quality characteristics from drains in the San Joaquin Valley.  In May 1985, the Regional Water Quality Control Board, Central Valley Region, began a water quality monitoring program to evaluate the effects of subsurface agricultural drainage on the water quality of drains in the Grassland Area of western Merced County.  Reports are available that cover the period from 1986 to 1995 (Chilcott et al., 1989; 1995a; Karkoski and Tucker, 1993a; Steensen et al., 1996a; Vargas et al., 1995; Westcot et al., 1990; 1991; 1992a).  


The Mud Slough (north) and Salt Slough are the only two tributaries in western Merced County that drain to the San Joaquin River and both tie into continuous flow monitoring stations operated by USGS.  The sloughs are the major source of agricultural subsurface drainage water discharges to the San Joaquin River and also carry a varying mixture of surface agricultural drainage, operational spillage from irrigation canals, and seasonal drainage from duck ponds that are flooded each winter.  Laboratory analyses were made for pH, EC, Se, B, Cu, Cr, Ni, Pb, Zn and Mo at intervals from weekly to monthly.  The anions Cl and SO4 were also monitored at selected sites and times.  Similar reports are available for a 60-mile section of the Lower San Joaquin River extending from Lander Avenue (Hwy 165) near Stevinson to Airport Way near Vernalis (Chilcott et al., 1995b; James et al., 1988; Karkoski and Tucker, 1993b; Steensen et al., 1996b; Westcot et al., 1989; 1990; 1992b).  The two sloughs drain into the River in this region as well as the Merced, Tuolumne and Stanislaus Rivers which drain the Sierra Nevada mountains from the east.  


Despite the plethora of data on drainage flow inputs to evaporation ponds, it would be impossible to determine the exact composition of the resultant evaporites.  Although models have been developed to predict the composition of evaporites given the appropriate water quality inputs (Smith, 1989; Smith et al., 1995; Tanji, 1995), there are a great number of uncertainty factors such as ionic strength, temperature, nucleation sites, oxidation-reduction potential, wetting, and drying cycles, rainfall, and disturbance of newly forming crystals.  Such factors contribute to a deviance between the observed and expected precipitation.  Evaporation basins tend to show a greater diversity of evaporites near the shoreline than in the pond sediment, for example, which may be associated with frequent wetting and drying cycles. In addition, a sloping bottom may result in more soluble chloride salts being localized near the center and less soluble sulfate salts forming at the shoreline (personal communication with 

Dr. Ken Tanji, U.C. Davis; Dr. Don Suarez, U.S. Salinity Laboratory).  In small, on-farm evaporation ponds, some of the variability in the uncertainty factors may be reduced and there may be some potential to manage the pond and control evaporite formation.  This is an area of research that has not been adequately explored.


The feasibility of utilization of salt from evaporation basins may ultimately depend upon developing a low cost system to refine salts during the evaporation process.  Solid evaporite samples taken from the Mendota/Murrietta and Peck Farms solar evaporators were analyzed by Task Team Members and found to consist of predominantly Na2SO4 (Table 1).  There is a need to do more extensive sampling and analysis, as well as to conduct a survey to determine what techniques are commercially available to purify salts using basin technology.  Commercial salt harvesting industries exist that use sea water to produce pure NaCl.



The presence of selenium, arsenic, boron, molybdenum, and other potentially toxic elements agricultural drainage waters may constrain the use of evaporite salt.  The formation of salts from desiccating pond waters inevitably involves contamination by trace elements that are present in the solution.  During evapoconcentration, boron levels tend to increase in direct proportion to chloride. In comparison, Se and Mo tend to increase with evapoconcentration (but not in direct proportion to Cl) because of immobilization mechanisms, and unlike B they do not exhibit elevated concentrations.  Arsenic is highly reactive and does not accumulate appreciably in pond water since it is susceptible to immobilization mechanisms, such as volatilization and reduction.  Salts containing hazardous levels of toxicants would have to be classified as a toxic waste and would need to be disposed of at Class I waste disposal sites, a costly but necessary option.  Most ponds, however, do not contain toxic levels of Se, As, B, Ur, and Mo and do not meet the criteria for toxic wastes (Table 2; Chilcott et al., 1990a, 1990b, 1992; Tanji et al., 1992; Westcot et al., 1988b).  

Table 1
Chemical Compositions of Evaporite Samples Taken from San Joaquin Valley Evaporation Ponds at Mendota/Murrieta and Peck Farms.






Mendota/

Salt Species

Murrieta Farm

Peck Farm

Assay
(as %)

 
  1  

    2

  3

Na2(SO4)


98.8

  99.7

99.9

CaSO4
    

0.97

  0.24

0.05

MgSO4


0.21

  0.06

0.05

Cl


  
0.03

     nil

   nil

Assay 1 conducted by Biological and Agricultural

Engineering Dept., U.C. Davis; assays 2 and 3 conducted by

U.S. Salinity Laboratory, ARS, USDA.

Table 2.
Comparison of Evaporation Pond Drainage Water to Natural Baselines and Waste Criteria (Chilcott et al., 1993b).



Evaporation Pond

 Saline Lakes
Waste

Seawater

 Element


Criteria 1/

TDS (mg/L)

31000



14000

31000

     --

 B

(mg/L)


25



17

4.5

     70

As

(ug/L)


101



280

3

     5000

 Se

(ug/L)


16



0.6

<0.2

     1000

 Mo

(ug/L)


2817



54

10

     350000

 U

(ug/L)


308



30

3

     --

 V

(ug/L)


22



23

2

     --

1/ Hazardous Waste Criteria Title 22 and 23, California Administrative Code.

THE USE OF AGRICULTURAL SALT IN GLASS MAKING
by B. M. Jenkins

Salt Composition:


Sodium sulfate from natural brines and deposits as well as synthetic sources is commonly used as a fining agent and melting aid for glass making.  Salts remaining after evaporation of saline drain water, such as those produced by the Integrated on Farm Drainage Management drain water treatment project in the San Joaquin Valley of California, may serve as substantial sources of sodium sulfate.  Estimates of the total salt imported into the valley through irrigation water supplies are in excess of a million tons per year.  


Samples collected from one solar pond at Mendota, California, yield a 

99 percent concentration of sodium sulfate (Na2SO4, see Table 1).  X-ray diffraction (XRD) and differential thermal analysis (DTA) show the Mendota salt to have the mineral form of thenardite.  The range of purities of salt in the San Joaquin valley has not yet been determined.  However, it appears that salt can at least be produced with purities approaching the required levels for commercial glass making.  

Table 1.  Compositions (wt. %) of evaporite salt from Mendota and some commercial grade sodium sulfates for glass making from 3 different sources.
Compound
Mendota Salt
Source 1*
Source 2*
Source 3*

Na2O
43.23
43.45
43.55
43.55

Na2CO3

0.10



SO3
55.84
56.10
56.7
56.30

SiO2
0.25




Cl
0.03
0.002
0.012
<0.001

Fe2O3
0.06
0.0017
0.0008
0.00035

CaO
0.40
(0.01 - 0.04)a
(0.01 - 0.04)
(0.01 - 0.04)

MgO
0.07




Al2O3
0.06
(<0.006)
(<0.006)
(<0.006)

TiO2
0.02
(ND - <0.005)
(<0.002)
(<0.002)

CO2
0.03




K2O
0.01




P2O5
0.01




As2O3

(ND - <0.005)
(ND - <0.13)
<0.0003

ZnO

(ND - <0.005)

0.00012

NiO

(ND - <0.005)
(ND - <0.004)
0.00130

Cr2O3

(ND - <0.005)
(ND - <0.0015)
0.00060

Heavy metals (Pb)

(ND - <0.005)
(ND - <0.0011)
<0.001

Se

(ND)
(ND)
<0.003

Loss on Ignition

0.17
0.10
0.10

Insolubles

0.01
0.03


* Source: Reference 1.  aparenthesis indicates semi-quantitative analysis.

Use of salt in glass making:


Sodium sulfate is primarily used as a fining (or refining) agent in glass making.  Fining agents are used to remove bubbles in the melt.  Sodium sulfate acts in this capacity by decomposing above 1200¡C (typical glass furnaces operate at 

1300-1400¡C) into sodium oxide and sulfur trioxide, the latter further decomposing into sulfur dioxide and oxygen, vis, overall:




Na2SO4 + nSiO2 = Na2O-nSiO2 + SO2(g) +0.5O2(g)


The gases enter the bubble phase, causing the bubbles to rise more rapidly, and decreasing the processing time for the batch.  Sodium oxide acts as a network modifier in the glass polymer.  Although soda ash (sodium carbonate) is more commonly used, sodium sulfate can also be used as a source of sodium oxide to serve as a flux for lowering the melting temperature of the batch.  The decomposition releases SO2, a primary pollutant, rather than CO2 as in the case of the carbonate.  Scrubbing of SO2, most likely with calcium to produce gypsum, may be needed to control emissions where sulfate is used. 


Mendota salt has been used to produce glass in laboratory experiments at 

U.C. Davis.  The quality of the glasses has not been assessed other than by direct visual examination and compositional assay.  Salt was used in several different formulations to prepare samples of glass at salt concentrations ranging as high as 

50 percent.  A typical soda-lime window glass formulation is shown in Fig. 1b.  Similar compositions were produced with melting points ranging upwards from 1050¡C.  

Of concern from an industrial standpoint is the consistency of the salt composition, and the presence of impurities at levels higher than normally employed.  As shown in 

Table 1, the Mendota samples have relatively high concentrations of Cl (0.03 percent), Fe2O3 (0.06 percent), and P2O5 (0.01 percent) by industry standards.  Cl is corrosive to glass pressing equipment, iron affects color of the glass, and phosphate can affect color and refractive index.  Such salt without further purification might be acceptable for container and window glass, but to what extent the salt can meet purity requirements for higher quality glasses remains to be determined.  However, glass can be produced, and lower quality glass may have some market value as road filler and other similar materials, or as a flux for waste vitrification.   
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b
c
d

Figure 1.  Compositions of (a) salt, (b) typical soda-lime window glass, (c) unleached rice straw ash, and (d) leached rice straw ash.


Of some interest is the possible use of rice straw ash as a source of silica for the glass.  Conventional disposal of straw by open burning is restricted, and like salt, identification of markets for the material would prove beneficial.  Two compositions for straw ash are shown in Figs. 1c and d.  The unleached ash is that produced from untreated rice straw as conventionally harvested.  Leached rice straw has special interest for power generation, in that most of the alkali metals (K and Na) have been removed along with chlorine (Cl) by water washing (thereby reducing boiler fouling and corrosion).2  Both ash materials contain fairly high levels of iron (0.3 - 1.0 percent Fe2O3) and phosphorous, but Cl is heavily depleted in the leached ash.   However, the feasibility of using rice straw as a source of silica is not a driving determinant in the use of salt for glass making.

Release of sulfur during melting:


Is released into the gas phase when salt is used in glass making.  The sulfur is released earlier in the process when straw ash serves as the source of silica than when pure compounds (silica and calcium carbonate) are mixed.  Peak SO2 emission occurs between 1 and 2 minutes for batches using straw ash, and 3 to 4 minutes with pure mixes.  The reasons for the difference are not fully known, but may have to do with the lower melting point and more intimate mixing of other alkali in the straw ash relative to the pure compounds mixed in the window glass formulation.

Potential markets for salt:


Sodium sulfate is produced from both natural and synthetic sources.  In the 

U.S., there are two major producers of natural sulfate--one in California (North American Chemical at Westend producing 204,000 metric tons year-1) and one in Texas (Elf Atochem at Seagraves producing 136,000 metric tons year-1).  Trends in U.S. and world production of sodium sulfate, along with prices for the natural material, are shown in Figure 2.  In addition to glass making, which uses about 5 percent of U.S. production,3 sodium sulfate is used for soap and detergents (40 percent), pulp and paper (25 percent), textiles (19 percent), and various other miscellaneous products 

(11 percent).  The decline in U.S. sodium sulfate production since 1970 is due largely to foreign imports and a shift away from powdered detergents to liquid concentrates.  Production from natural sources in the U.S. has been reported to be a marginal enterprise due to the abundance of byproduct sodium sulfate and availability of inexpensive imports.  Recently there is an upward trend in U.S. natural sulfate production due to reductions in imports from Mexico.


Byproduct sodium sulfate is produced during manufacture of ascorbic acid, resorcinol, lithium carbonate, silica pigment, rayon, and sodium bichromate.  It is also produced as a byproduct of lead acid battery recycling. In 1995, of the total sodium sulfate in U.S. supply, 22 percent was from natural sources, 26 percent was derived as byproduct from other chemical manufacturing, and 52 percent was imported.  World reserve base is estimated at about 4.6 billion metric tons.3  U.S. reserve base is about 860 million metric tons.  The brines of Searles lake in California contain approximately 450 million metric tons of sodium sulfate.  The prices of natural sulfates are closely tied to those of byproduct sulfates.


Up until about 1970, sodium sulfate was primarily used in the Kraft pulping process.  The primary use now is as a filler in powdered home laundry detergents.  Production of liquid detergents and superconcentrates, along with greater recycling of sodium sulfate in the pulp and paper industry led to substantial declines in market demand.  Some companies have investigated producing non-sodium sulfate products with more market potential.  Exports have increased to foreign textile producers and countries still producing powdered detergents.3

[image: image5.wmf]
Figure 2.  U.S. and world production of sodium sulfate, 1970-1995, with prices for natural material.3

Typically, lower purity sulfates (99 percent purity or less as Na2SO4) have represented about half of U.S. production.  Agricultural salt without further purification might be acceptable for some container and window glass, and ceramic glazes.  For agricultural salt to compete with other sources, significant price advantages will need to accrue, which may be difficult in competition with byproduct sulfate from the chemical industry sold at disposal prices.  Salt from the agricultural industry faces a similar problem in disposal.  Transportation may be a key issue, in that most byproduct sulfate is produced in the eastern U.S., while most natural sulfate originates in the west.  Large scale utilization of agricultural salt will likely require novel approaches in marketing, possibly drawing production away from other natural sources, and requiring the introduction of new bulk products, with more local markets.


Agricultural salt composition and purity needs to be assessed for the valley as a whole before conclusions can be drawn concerning the market potential of the resource.  Inexpensive methods to improve purity of the salt should also be investigated, including solar distillation, means to prevent dust intrusion during evaporation, and salt upgrading.  While it is clear that agricultural salt can be used in glass making, issues of purity, sulfur emissions, corrosion, cost of recovery, and manufacturing energy and cost need to be addressed.  Lower grade uses of glass from salt also need to be explored in greater detail.
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UTILIZATION OF THE SALTS IN DYEING AND FINISHING OF TEXTILES

by Gang Sun


The chemical compositions of the drainage salt are mainly sodium sulfate and sodium chloride together with other components.  Among the major chemicals in the salt, sodium sulfate probably accounts for 60-90 percent, or even over 98 percent in some areas.  The production of the salt in the San Joaquin Valley may exceed thousand tons annually. Thus, it becomes a heavy environmental burden for the farmers in the areas.  On the other hand, sodium sulfate is an important chemical in textile industry, which is widely used as electrolytes, dye additives in dyeing of many textile materials for enhanced dye penetration and absorption onto fibers [1].  For example, reactive dyes are the most important and widely used colorants for cotton fabrics in the United States, which may account for two third of total dyes used for cotton fabric.  Sodium sulfate is employed in the dyeing process of reactive dyes in an amount of as much as 100 grams in every liter of dye solution (10 percent).  The common liquid-to-fiber ratio of a dye solution is 10:1.  Therefore, dyeing one kilogram of cotton fibers will need one kilogram of sodium sulfate theoretically.  In addition, sodium sulfate is widely used in dyeing of many other fibers and also in printing processes. The total consumption of the salt in textile industry could be in a scale of several thousand tons in the U.S.  The latest U.S. Geological Survey predicts the use of sodium sulfate in textile will increase since the industry has begun to use sodium sulfate to replace other corrosive salts[2].  The marketing potential of sodium sulfate in textile industry is significantly high if the quality of the recovered salt is pure enough. Therefore, recovery and purification of sodium sulfate from the waste salt and utilization of the recovered salt in dyeing and printing processes will be of significant economic importance to both agricultural and textile industries.  


Recovery of sodium sulfate from the drainage salt has been studied recently in my lab.  A practical route of recovering Na2SO4 was proposed based on the solubility difference of the two major components in the salt, NaCl and Na2SO4.  Sodium sulfate has a higher solubility in water at elevated temperature and lower solubility at temperature below 15 C.  Sodium chloride, which is another major component in the salt, has a almost constant solubility at a broad temperature range.  Therefore, varying temperature of concentrated salt solution will possibly precipitate certain amount of sodium sulfate out of the liquid.  Repeated precipitation or recrystalization of the solid probably can obtain very pure sodium sulfate.  Our preliminary study has proved that it is very practical to recrystalize sodium sulfate in a concentrated salt solution, and the purity of the recovered sodium sulfate was high, mainly in a hydrate form, Na2SO4 10H2O.  The recovery of sodium sulfate was almost quantitative, which further confirmed the previous reports on the chemical composition of the drainage salt.
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SOLAR PONDS

by Desmond Hayes


A salt gradient solar pond is a body of water in which the salinity at the bottom is greater than the salinity at the top of the pond.  The depth may vary from a fraction of a meter to several meters deep, normally a non-convective salt gradient solar pond consists of three zones; a relatively thin homogeneous and convective surface layer, a non-convective gradient zone in which there are gradients in salinity and temperature, and a homogeneous and convective bottom zone which stores the solar heat.  The non-convective gradient zone transfers heat by conduction only, water being opaque to thermal radiation at the temperature of operation.  It thus acts as a partially transparent window of low thermal conductivity that allows some of the solar radiation to penetrate into the bottom zone and heat it.  The gradient zone remains gravitationally stable and non-convective despite the heating of the bottom because the salinity gradient is sufficient to maintain a stabilizing density gradient.  The bottom zone which stores heat comprises a concentrated salt solution having a density greater than 1.25 g/cm3.  And it is this storage zone which is of interest to salt managers.


A proposed salt gradient solar pond having a surface area of three acres, has some impressive statistics, Assuming the pond surface shape is square, and the storage zone is 5 ft, deep and the gradient is 5 ft, then the mass of dry salt required to establish the pond is 6,500 tons.  For the Fresno area, the heat available (if the storage zone was permitted to rise to a temperature of 190o F) is about 220 watt/m2.  The volume of agricultural drainage water to be evaporated to produce the 6,500 tons of salt would be 440 acre-ft, having an average TDS of 10,000 ppm,


The attraction of a solar pond is its ability to safely store the residual salts from a large volume of agricultural drainage water in a manner, which is both environmentally and ecologically safe.  The bonus is that the stored energy could be used for many aspects of heating, including space heating, enhanced biological reaction temperatures, elevated Reverse Osmosis feedwater temperatures, electric power generation with an Organic Rankine cycle turbine and other industrial heating requirements.  A further bonus of solar ponds is the possibility of using shallow ponds as a safe method of storing agricultural drainage water without the added requirements of solar pond maintenance.

RECREATIONAL USE

by Chris Chaloupka

Introduction and Background.


The recreational use concept came to mind while viewing news footage of 

“hot rod” car hobbyists being allowed to race on Muroc Dry Lake for the first time since World War Two.  The race and show event was sponsored by the Southern CaliforniaTiming Association (SCTA) and drew 200 competitors and 10,000 spectators.  Prior to the War, “Dry Lakes Racing” events were held on Muroc, Rosamond and 

El Mirage Dry Lakes.  However, Muroc and Rosamond dry lakes have not been accessible since the creation of Edwards Air Force Base.


The SCTA was formed by a group of dry lake racing enthusiast in 1938.  Activities were suspended during WWII because nearly all of its members were in the service.  While stationed at Wendover Army Air Corps Base some SCTA members “discovered” the Bonneville Salt Flats (BSF).  They formed Bonneville Nationals Inc. and began racing in 1949.   Presently the SCTA’s annual dry lakes racing program consists of six events at El Mirage, and most recently one at Muroc.  Bonneville Nationals Inc. hosts two events, Speed Week in August and the World Finals in October.


A typical El Mirage dry lake two day event will draw 100 competitors and 600 spectators.  Speed week at BSF will attract 300 competitors with 5000 people coming to watch.  A World Finals event brings 75 racers and a daily attendance of 500.  Due its historical context the Muroc (Reunion) event draws a larger crowd but only occurs once a year.  


A dry lake race course is about 1.5 miles long with an extra mile for shut down for a total of 2.5 miles.  Vehicles a run one at a time and are timed in the last 132 feet.  The Bonneville Salt Flats track is 18 inches thick, 13.5 miles long and just under 2 miles wide.  Potash mining has reduced the usable track length to seven miles.  The Dry Lakes Racing events uses only a small portion of the flat.

Concept.


The basic concept is that as irrigation efficiency increases discharge to the Tulare Lake evaporation ponds will decrease.  At some point the liquid will completely evaporate, leaving a smooth flat salt surface during the dry season, which with minor alterations could easily be converted into a Dry Lakes Racing event track.


The present Tulare Lake Bed evaporation pond system is about ten miles long and over five miles wide.  Those dimensions are actually larger than the current usable Bonneville Salt Flat track. 

Technical Requirements.

Funding:  Creating special off-highway vehicle (OHV) use areas is not new.  The California Department of Parks and Recreation (DPR), Off-Highway Motor Vehicle Division currently operates six parks that provide recreational sites for OHV enthusiasts.  The Department also administers a sixteen million dollar grant program that supports OHV recreational opportunities at the local level.  

Land:  Conversion of the existing Tulare Lake Bed evaporation pond system into recreational/salt storage facility would be the ideal project.  It eliminates the need for an expensive land purchase and the brine conveyance system is already in place.  If for some reason the Lake Bed site is unavailable another potential parcel might be the Lemoore Naval Air Station property, if it is on the base closure list.  It meets the size requirements, plus it has the advantage of being federal property, which could be transferred to the State under the Federal Recreation and Public Purposes Act(FRPPA), at no cost.  Another way to acquire land might through the Bureau of Reclamation’s Land Retirement Program.  Again FRPPA could be used to transfer property to the State.  A local agency may also have land that is already available.

Facilities:  The OHV park should be designed to accommodate as many different OHV uses as possible as well as Dry Lakes Race events.  Camping facilities including RV hook ups or a dumping station are a must.  Once the land is obtained, the local agency could apply for a DPR grant for development and operation.  Track development should begin as soon as the land is acquired.  

Brine transport:  The existing Tulare Lake canal already conveys drainwater to the Lake Bed evaporation ponds.  Pipelines will be necessary if alternative sites are chosen.

Environmental issues:  Modification of an existing facility usually produces little or no environmental impact.  Since the ponds are already there the focus would be on the impacts caused by racing on a salt flat and campground development.
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DEEP WELL INJECTION

by Chris Chaloupka


This is a very preliminary concept that just came up in a conversation with a person familiar with oil well drilling operations.  There are thousands upon thousands of abandoned oil wells and dry holes in the southern San Joaquin Valley region.  These wells and holes are in the area of 18,000 feet deep, well below any potable ground water table.  They are in the vicinity of Coalinga, Petrolia, Elk Hills, Lost Hills and other areas in western Kern County.


The State’s Division of Oil and Gas Well Abandonment Program (DOG-WAP) is currently trying to fill and plug abandoned wells as cost effectively as possible.  The DOG has well logs containing valuable information on every well ever drilled in California.  The wells are deep and of large diameter (18 inches) and appear suitable for slurry injection.  


A saline solution injected into the abandoned well would fill the voids and stabilize the substrata by replacing the removed oil.  It might be possible to form a partnership with the DOG-WAP as source of slurry to fill abandoned wells.


Westlands Water District spent 3.1 million dollars drilling a test well but did not consider using existing abandoned oil wells.  Abandoned oil wells would be a much more logical choice because permeability may not be an issue.  


The brine solution could trucked to each well site and injected into the abandoned well by a truck mounted drill rig, pressurized and capped.  The pressure forces the solution into the voids.  After the pressure drops more solution could be added.


Further investigation and contact with DOG and Mines and Geology is recommended.

SOLAR DISTILLATION

by Desmond Hayes and Vashek Cervinka


Integrated on Farm Drainage Management systems for salinity management have been practiced on several farms in the San Joaquin Valley since 1985.  The  objectives of these systems is to use drainage water, salt, and selenium as resources, and manage them in an environmentally responsible way.  About 80 to 85 percent of drainage water is used to grow salt tolerant trees and plants.  The remaining drainage water (15 to 20 percent) is no longer suitable for crop irrigation because of a high salt concentration.  It should be discharged into a solar evaporator, where the concentrate would be evaporated and salt crystallized.  The economics of salt harvesting and wildlife safety would be even more improved if the area for salt crystallization could be further reduced.  About 0.3 percent of the drained area on a farm is required to evaporate 15 to 20 percent of total farm drain water.


Distillation of sea water is a rather common practice on ships or in ocean-side communities.  An abundance of solar energy in the San Joaquin Valley from May to October offers the opportunity to produce a reusable and marketable distilled water from agricultural drainage water.  This concept could positively impact the technology and economics of salt harvesting, and improve environmental conditions.


There are many examples of solar distillers operating in various world regions.  Intensive work on solar distillation of saline water was also conducted by the Office of Saline Water, U.S. Department of Interior, from about 1950 until 1970.  This experience could be applied for the management of salt and drainage water on farms in the 

San Joaquin Valley.

It is recommended that an experimental solar distillation unit be developed at Red Rock Ranch, Five Points, as an integral component of the demonstration project.  A portion of the concentrated drainage water, presently discharged into the solar evaporator, would be channeled through a solar distiller.  The distilled water would be tested and utilized.  The brine from this solar distiller would flow into a system of tanks for the controlled production of sodium sulfate.

COMMERCIALIZATION OF SELENIUM

by Wayne Verrill and Vashek Cervinka


Any long-term accumulation of selenium on irrigated farmland or in wildlife areas may cause health hazards for wildlife.  The results of Integrated on Farm Drainage Management projects in the San Joaquin Valley indicate that selenium levels in drainage water are within a range of about .3 mg/L to about .9 mg/L.  The treatment of selenium can be viewed either as the removal of potentially toxic materials from soils and drainage water or as the development of potentially marketable product.  The second approach is preferable.  While high doses of selenium are toxic to humans and animals, any shortage of selenium in the diet is detrimental to health as well.

ADVANCE \d 12Utilization of selenium in human nutrition and disease preventiontc "Utilization of selenium in human nutrition and disease prevention"


Recent research has shown that selenium is an essential element in the production of antioxidants in the human body and that selenium plays an important role in human disease prevention.  Epidemiological evidence gathered worldwide shows that people who live in areas with naturally high soil Se and with a dietary intake of about 750 mcg/day, have a significantly lower risk for cancer while showing no Se toxic effects.  Cancer patients typically have low Se levels, and those with lower than average levels experience more severe cancers.  Lower Se levels in humans are also associated with increased occurrence of heart disease, arthritis, and muscular dystrophy, as well as generally lowered immunities.  Se supplementation has been found to be effective as a treatment for these illnesses and in stimulating the immune system, and additionally has shown indications of counteracting the effects of aging and protecting against the effects of some toxins (Lieberman and Bruning 1997).


The current U.S. government nutrition standard, or Reference Daily Intake (RDI) for Se is 70 mcg/day.  Studies have shown that the average daily dietary intake of Se is about 100 mcg/day, but that individual intakes vary widely depending on the source of food (Lieberman and Bruning 1997).  In the U.S., high soil Se is found in North and South Dakota as well as the westside San Joaquin Valley, but most of the agricultural soils of the U.S.  are deficient or depleted of Se.  Se is generally low in fruits and vegetables, and higher in seafoods and meats, but only if the animals had a diet high in Se.  Exceptions are onions, garlic, broccoli, and whole grains, which may have high concentrations if grown in high Se soil.  A dietary, organic form of selenium, selenomethionine, has been found to be the most assailable form and least potentially toxic in humans.  Selenomethionine can not be synthesized by the body, so must be obtained through diet or supplementation.


Rather than being a New Age phenomenon, Se is the subject of research at places such as the National Cancer Institute, and research articles on Se regularly appear in prestigious medical journals such as the New England Journal of Medicine, British Medical Journal, Lancet, American Journal of Epidemiology, Cancer Research, and American Journal of Clinical Nutrition, among others.  A range of 200-400 mcg/day of Se has now been recommended as an optimum daily intake for health maintenance and prevention of disease such as cancer.  Selenium toxicity in humans, from intake of selenomethionine, has not been found to occur until levels exceed 2400 mcg/day for some, and more generally, 5000 mcg/day.  Toxicity in humans from sodium selenate may occur at ingestion of more than 1000 mcg/day (Lieberman and Bruning 1997).  While sodium selenite has been found to be carcinogenic in high doses, organic selenium has not been found to be carcinogenic (Ronzio 1997).


Pills typically containing 200 mcg of Se in the form of selenomethionine as a dietary supplement, can now be commonly found on store shelves not only in health food stores, but also pharmacies, supermarkets, and large discount chain stores.   Pharmaceutical companies produce the Se by cultivation and extraction from Se-rich yeast, although seaweed extraction is another source.  If a demand for Se supplementation of 200 mcg/day was only 100 million people worldwide, that would require a supply of 7.3 metric tons of Se annually.  The current demand for Se supplementation and source of Se supply for pharmaceutical companies is unknown. 


From the above information, at least five possibilities suggest themselves for the utilization of Se as a product of San Joaquin Valley agriculture:

1. a process could be developed for extracting selenium from drain water or plant crop material for marketing to pharmaceutical companies;

2. growers could develop an on-farm process for cultivating Se yeast in a drain water or crop fermentation medium;

3. growers could produce crops of onions, garlic, broccoli, or wheat on high Se soils and market the produce as a specialty crop having unusual health benefits (given FDA approval);

4. growers could produce high Se feed for livestock; growers could produce plant material to use in making and marketing a high selenium organic compost fertilizer for Se deficient soils.


In order to accomplish any of the above tasks, standardization and marketing of selenium products would have to be researched and developed.
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Utilization of selenium in forage for livestock and wildlife


Deficiency of selenium in the diet of cattle and wildlife on annual rangeland is fairly common in the eastern, mountainous regions of the Western states.  Blood selenium levels of cattle are usually  below the recognized adequate level of 0.08 mg/L.  Selenium deficiency can result in white muscle disease, retained placentas and infertility in cattle.  Selenium deficiencies have been corrected by intramuscular injections of a selenium-vitamin E compound, placement of selenium boluses into the cow’s reticulum, or provision of additional selenium in the diet.  This can be achieved by harvesting “selenium enriched” forage on farms, which experience a higher selenium concentration in soils and drainage water.  This type of forage can be then used for livestock feeding in selenium deficient areas.


A feeding trial was conducted by CSUF in 1989/90 to determine if Atriplex, a halophytic plant grown in selenium surplus farming regions, could be included in the cattle diet to elevate blood selenium content.  Atriplex was incorporated into pellets containing 25 percent Atriplex, 25 percent cottonseed meal and 50 percent barley for a test group.  Feed pellets for a control group were prepared substituting alfalfa for the Atriplex.  Average daily weight gain did not significantly differ among these two groups.  However, there was a significant upward trend in the blood selenium in the group receiving the Atriplex pellets.  These results indicate an opportunity for the commercialization of selenium in both cattle and wildlife feeding.


Halophytes have been tested in Integrated on Farm Drainage Management projects in the Valley for over 10 years.  The test results indicate that Atriplex, salt grass (Dichtilis spicata), Jose tall wheatgrass (Agropyron elongatum), iodine bush (Allenrolfea occidentalis), cordgrass (Spartina) , and  fivehook bassia (Bassia hyssopifolia) contain from about 0.6 to about 1.8 mg/kg of selenium.  Other halophytes, such as Salicornia,  canola or mustard (Brassica) may have selenium levels of 

4 to 5 mg/kg and higher.  These plants can be grown on saline soils and be irrigated with drainage water.  Their production as an additional marketable farm commodity will assist manage selenium in an economically and environmentally rational way.

Issues to be addressed:

1. 
Development of product specification for “selenium enriched” feed for livestock and wildlife

2.
Review marketing procedures and regulations

3.
Establish specific marketing procedures and regulations (if needed)

4.
Promote the commercialization of “selenium enriched” feed for livestock and wildlife
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Worldwide Production and Market for Beneficial Uses of Selenium

Wayne Verrill

Worldwide production of refined selenium for beneficial uses was 2,150 metric tons in 1996 (year of most recent complete data).  After Japan and Canada, the United States was the third largest producer at 379 metric tons.  The primary production of selenium is as a by-product of copper refining, in the form of shot, lumps, and powder of 99.5% average minimum purity.  Domestic commercial production of selenium is from three copper refineries, two in Texas, and one in Utah.  Domestic production does not meet total U.S. demand, resulting in the import of 434 metric tons in 1996.  Secondary production of selenium outside the U.S. is recovery from scrap manufactured products, principally copier machines.  In comparison, the selenium discharged in Grasslands subsurface drainage to Mud Slough in the 1997 water year was 3.2 metric tons, about 0.15 % of worldwide production, and 0.84% of U.S. production.  The average concentration of selenium in copper ore is about 20 ppb.  This compares with an average selenium concentration in Grasslands drainage of 64 ppb, three times greater.

Worldwide uses for commercial selenium and percent of total in 1996 are as follows:

*         glass manufacturing (decolorant, red traffic light pigment,


25%

and solar heat transmission reducer)

*        agriculture and other uses (livestock nutritional supplements,
20% 

fertilizer compound)

metallurgy (lead replacement in plumbing fixtures, alloy compounds,
16%

batteries)

chemicals (human nutritional supplements, anti-dandruff shampoos - 
15%

as in Selsun Blue, lubricants, rubber compounds, gun bluing, catalysts)


pigments (heat-stable red color in ceramics, plastics, paints, and inks)
  8%


electronics (copier photoreceptors - becoming obsolete usage, rectifier
16% and photoelectric applications )

Selenium is traded as a commodity worldwide.  1997 average price was $2.90/lb., down from $5.82/lb. in 1990.  Increased worldwide and domestic production continues to exceed rising demand, resulting in a modest surplus and falling prices.
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MEETING RECORD

Discussion Issues:


Vashek Cervinka opened the meeting by announcing that Christopher Amrhein and Michael Read have resigned from committee membership.  Vashek reported that Peter Rock was unable to attend the meeting, but that he had met with Peter individually and Peter had advanced as alternatives to ocean disposal, three proposals to utilize salt deposits resulting from evaporation ponds, the essential aspects of which are as follows:

A.
Use of salt as a component in the construction of glass logs, to be used as components in the construction of levees.  Existing glass log fabrication methods for nuclear waste disposal could be adapted for consumption of residual salt deposits.  

B.
Use of salt (primarily Na2SO4*10H2O) as a heat storage medium.  Salt dissolves in water of hydration at 32.3 degrees C, and on recrystalization releases 0.21 kJ per gram of Na2SO4*10H2O formed, or 354 kJ per liter of salt solution.  The heat derived could be used for space or water heating.  

C.
 Use of salt to precipitate gypsum, CaSO4*nH2O, for use as a building material.  CaCl2(aq) is added to the salt solution, and KCl(s) is recovered as a by-product.  If Ca(NO3)2(aq) is added, KNO3 is recovered as a by-product for use as a fertilizer.   


Brian Ketelhut informed Vashek that salt utilization is not a top priority for the San Luis water District at this time.  Brian may not be attending the meetings of the Committee but he would like to be kept informed about its activities and concepts developed. 


Vashek informed about the visit of Richard Rominger at the RRR demonstration project in December 1997, his interest in the concept of salt harvesting and utilization, and discussion about the support provided by the USDA for this effort.

1.
Commercial Utilization of Selenium


Vashek introduced the first topic of commercial utilization of selenium by explaining that this topic has been added to the list of committee tasks developed at the September 8 meeting.  Vashek stressed the need to determine the present state of knowledge of selenium utilization and additional research needs, including mass balance studies to explain the observed loss of Se within the process of water reuse and salt harvesting on farms.    


Doug Davis described a proposal he is currently working on for a pilot project to use a form of aerosol gel to remove Se from drainage water.  The process would use electrolysis to remove anions from solution.  Vashek and Doug agreed to work together on an issue paper for Se separation and utilization.  Gang Sun suggested a process of Se removal from drainage using sunflower or rice stalks, with reuse of the stalks as fertilizer in Se-deficient areas.  Gang Sun offered to prepare a proposal.  


Wayne Verrill discussed the increasing use of Se as a human nutritional supplement, and passed around a bottle of Se tablets purchased at a large chain discount store.  Wayne observed that 200 ug Se tablets could now commonly be purchased at pharmacies as well as health and natural food stores.  John Diener urged caution, pointing out that Wayne was holding a bottle of toxic waste in his hand.  Wayne described the establishment of Recommended Daily Intake (RDI) standards for Se, and the development of recommended optimal dosages for anti-oxidant and 

anti-cancer health benefits.  Curiously, the chemical form of Se, selenomethionine, that is recommended for optimal human health benefits, is the same or similar that is now identified as the primary form transferred in the wildlife food chain, and implicated in the cause of wildlife deformities (see the presentation by Teresa Fan, Discharge to the River Technical Committee meeting summary, December 3, 1997).  Upon contacting a producer of  Se-supplements, the selenium yeast production process was described as proprietary, but the producer was interested in receiving information on the amount, grade, and certificate of analysis of Se that could be supplied.  John Diener envisioned feeding drainage to the selenium yeast as a future SJV farming enterprise.  Wayne agreed to work with Vashek on developing on concept paper on Se utilization.


In a discussion of growing Se-laden forage for animal supplementation feed, John Diener reported that canola and mustard may be better crops than atriplex.  Michael Shannon reported on investigating the Se-forage market a few years ago, and questioned the demand and viability.  John Diener questioned the existing knowledge of soil chemistry, pointing out that boron has been leached from his soil at a considerably faster than textbook rate, to the extent that boron would have to be added to the soil to correct a now deficiency in areas of lowered groundwater table and irrigation with canal water.  John suggested that a similar situation might occur with respect to selenium.  

2.
Salt Utilization


Chris Chaloupka described a current land use at Muroc Dry Lake at Edwards Air Force Base in the Mojave Desert.  Race cars use the dry lake playa for speed runs, but the dust raised by their activities is a problem.  Salt is a preferred surface for high speed vehicles, as at the famous Bonneviile Salt Flats in Utah.  The salt product of the SJV could be trucked to Muroc Dry Lake in order to create a salt surface.  Doug Davis suggested that a salt flat facility for high-speed enthusiasts could be created within the Tulare Lake Basin.  This would eliminate the need for salt transportation, particularly if salt-laden drainage could flow directly to the site, and use could provide an economic benefit to the region.  Uncertainty was expressed over the size of salt flat needed by speed enthusiasts and the tons of salt that would be required.  Chris pointed out that in order to avoid the toxic pit laws, the salt flats should be designed so that drainage from them would flow into TLDD evaporation ponds.  Locals indicated that wind and dust generation would not likely be a factor.  Overall, committee members agreed that this use for salt was worthy of further investigation, particularly if the interest and cooperation of racing organizations, State Parks (with funds available through the OHV sticker program), and Tulare locals were enlisted.


Mike Shannon reported that tests by the U.S. Salinity Laboratory show that evaporation pond salt is 99.7 percent to 99.9 percent sodium sulfate, although the USSL test results differ from those obtained by Ken Tanji.  Bryan Jenkins distributed a two-page paper, Vitrification of Evaporite Salt from Saline Drain Water (Attachment), which includes summary production and price information on the sodium sulfate market.  The current price for sodium sulfate is about $80 per metric ton; and current U.S. production is around 600,000 - 700,000 metric tons/year.  U.S. production has generally declined since 1970 due to foreign imports and a shift away from powdered detergents, its largest use.  Members were in general agreement that several thousand tons of salt a year could be produced in the SJV over the next 25 years.  Bryan Jenkins expressed concern that production of 100,000 tons of salt could overwhelm the California market.    


 Bryan Jenkins indicated that salt purity was a problem; the presence of chloride in sodium sulfate used for glass making causes corrosion of glass-making equipment, and therefore there is no glass market for chloride containing salt.  A suggestion was made to improve the purity of the SJV salt-product by planting ground-covers and wind-breaks around evaporation ponds to reduce the influx of dust.  


Jack Erickson reported on ongoing investigations of sulfur concrete made from sodium sulfate salt.  Sulfur concrete has been found to melt at 200 degrees F, to be combustible, and subject to dissolution with added salt.  However sulfur concrete does not react to acid, and an investigator from Poland has developed a process to encapsulate the salt for the manufacture of concrete landscaping "stones".  A claim has been made by the Eco-Blocks Company to have produced a superior product by compressing sulfur concrete at 2000 psi; verification of this claim is currently being sought.

3.
Salt Production


The question was raised as to how much salt could actually be produced annually by the SJV under present circumstances.  Presently the volumes of salt harvested are about 400 tons per year from Mendota, and about 80 tons per year from Red Rock Ranch.  Jack Erickson offered to assign the task of investigation to a 

DWR staffperson.  Salt from the Grasslands would not be included as SJR discharge is available.


Jack Erickson reported on ideas for development of solar stills or solar cells as mechanisms for extracting salt from drainage that would be superior to evaporation ponds, although evaporation ponds would still be required to generate salt for cell replenishment.  A key issue is the amount of energy input that would be required.  If found to be in an economical range, then a pilot solar cell or thermal gradient solar pond could be tested at Lost Hills Water District, sited next to their evaporation pond.  A one-half acre pilot solar cell has already been tested at Los Banos, where difficulties were experienced with operations and boundary effects.  While solar cell function is known to be feasible, the efficiency of salt production from heat and electricity generated from the cell has not yet been demonstrated.  Along the same line, John Diener suggested the possibility of using the energy generated to heat ponds of selenium-containing desalted drainage to grow selenomethionine-producing yeast.   Jack Erickson also suggested the possibility of "self-sustaining" solar ponds with layering that may effectively encapsulate Se and make it unavailable to wildlife.


Jack Erickson conveyed to the committee the concern of Desmond Hayes, DWR, Fresno, that any salt crystallization process be designed so that only one type of salt precipitates at a time, and suggested that development of a process could be a graduate student project.  Vashek Cervinka suggested that Desmond Hayes contact Gang Sun at U.C. Davis


Ken Swanson explained that Westlands Water District is currently focused on issues of water supply, source control, and land retirement; while sympathetic to the drainage and salt issues, WWD does not currently have the staff, funding, or other resources to actively pursue salt separation and utilization.  The Grasslands subarea is currently focused on discharge to the SJR, so would not likely have the resources either.  However, Ken suggested that the Panoche Water District might be interested, and individual farmers may be interested in offering land for a demonstration project site, particularly in view of John Diener's successes. 

Michael Shannon explained that salt utilization has not been a part of the U.S. Salinity Laboratory's mission in the past, and that USSL does not have the scientific staff and type of laboratory equipment that would be necessary.   The USSL would however be interested in research on plant utilization of salt, and plant products, but not as an endpoint for salt.  Vashek suggested that technological and environmental challenges are continuously advancing, and that it would be desirable for USSL to respond to these needs.


In response to a question about possible co-operation with the salt industry, Michael Shannon stated that industry representatives meet once a year in 

Palm Springs, but that it would be necessary to develop some firm numbers on potential volume and quality of salt that could be harvested, before initiating contact and discussion with salt industry representatives.  Doug Davis cautioned that industry representatives are entrepreneurs and are not interested in academic discussions.  Doug said that if a method of salt utilization can be devised and shown to be profitable, then industry will participate and make investments.

4.
Regulatory Issues


In response to an inquiry from Vashek Cervinka about a regulatory view of salt as a resource and not a toxic waste, Chris Chaloupka stated that the SWRCB only regulates discharges, and that the Integrated Waste Management Board has responsibility for regulating solid waste.  However, Chris offered an analogy with regulatory changes that allow the City of Santa Rosa to make and sell compost from its waste treatment plant sludge.  John Diener urged that regulatory agencies make a distinction between discharge from point and non-point sources, and a distinction between natural minerals and artificial chemicals.  Vashek requested assistance from Chris Chaloupka in making an appropriate contact at the IWMB.  Committee members were in agreement that salt and selenium should be managed as a resource and not a waste product.

Conclusion:


All committee members agreed that the economics of salt harvesting and its quality standards are essential for marketing the salt as a farm-based commodity. 

Action Items: 


Vashek requested that all members who have volunteered or been assigned report sections, prepare concept papers on their topics and submit them to him by the second week in February.  The assigned topics from the September 8 meeting summary are listed below with additions.  After receiving the concept papers, Vashek will combine and distribute them to all committee members prior to the next meeting.  The next meeting will be on Thursday, February 26, from 10:00 a.m. to 2:00 p.m., at the San Luis Field Division Office near Santa Nella.  At that meeting, the concept papers will be reviewed and discussed, and topics selected for expansion into technical papers, additional research, marketing studies, and development into proposals.  

April 30 was suggested as a meeting date to discuss completed technical reports.

1.
Composition of Drainage Water and Salt 

Shannon

2.
Solar Evaporators and Evaporation Ponds

Erickson, Hayes, Cervinka

3.
Solar Ponds for Electricity Generation


Erickson, Hayes, Cervinka

4.
Salt Crystallization Methods



Hayes, Erickson, Sun

5.
Present Salt Market





Jenkins

6.
Salt Vitrification





Jenkins

7.
Salt in the Textile Industry




Sun

8.
Salt for Storage of Radioactive Waste


Rock


9.
Salt for Thermal Storage




Rock

10.
Sulfur Concrete





Erickson, Diener, Sun,










Jenkins

11.
Salt Use in Construction Blocks



Jenkins, Erickson, Hayes,










Cervinka, Diener

12.
Salt/Glass Blocks for Levee Construction

Rock, Jenkins

13.
Salt Flats for Car Testing and Racing


Chaloupka

14.
Innovative Uses for Salt




Diener, Erickson, Hayes,










Cervinka

15.
Social, Engineering, and Environmental Factors
Rock, Chaloupka

16.
Selenium Separation




Davis, Sun, Cervinka

17.
Selenium Utilization





Cervinka, Verrill

Wayne Verrill

San Joaquin Valley Drainage Implementation Program
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Sacramento, CA 95814

Phone: (916) 327-1667; CALNET 467-1667

Fax:  (916) 327-1815
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FILE NAME:
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MEETING RECORD

Discussion Issues:

1.
Review of February 26, 1998 Meeting Summary


Chair Vashek Cervinka opened the meeting and coordinated the distribution of written materials prepared for today’s meeting.  Vashek opened comments on the 2/26/98 meeting summary by noting that on the third bullet under section 2C, John Diener will continue to grow alfalfa this year and not onions which he plans to grow starting next year.  With respect to the subsequent bullet under section 2C, Michael Shannon pointed out that the sulfate concentration specifically, not salinity in general, is the most critical factor in the uptake of selenium.  No other comments were made, and the meeting summary was approved with the two above changes.      

2.
Review and Discussion of Technology and Market Assessments


Vashek introduced a collection of papers called Technology and Market Assessments, which he prepared from the concept papers submitted by contributing members.  The TMA format is one that is used by the Energy Commission.  Vashek explained that he adopted this format, because it fits well with the Committee’s report material and lends uniformity to the report presentation.  Vashek then reviewed the TMA format categories, and asked for comments from members who had worked with the format.  Des Hayes and Gang Sun both responded positively, stating that the format was easy to work with as well as thought provoking.  Des Hayes submitted a new TMA on the use of salt as a stabilizing material for road foundations, and reported that he has been testing two manufactured salt materials for stability.  Vashek asked for members to review the TMA’s and respond with comments, with minor comments to be noted on the respective pages and sent by mail, and major comments to be sent by 

E-mail or fax.  Vashek will then incorporate the comments into the report.

3.
Recommendations for Future Technical R&D Projects and Marketing Studies 

3A.  Doug Peters - Use of Salicornia as a Desiccant 


Doug Peters reported on preliminary experiments to test the use of salicornia as desiccant material.  The idea originated from the observation that dry salicornia in storage became dripping wet during periods of rain or fog and high humidity.  The first experiment tested salicornia’s absorption capacity compared to silica gel, a commonly used desiccant.  After about 8 hours, silica gel reached a maximum water absorption of about 35 grams for each 100 grams of material, while salicornia absorbed only 

20 grams of water.  Yet salicornia continued absorption, reaching a maximum of over 140 grams of water for each 100 grams of material after over seventy hours of elapsed time.  However, when the relative humidity was reduced to 47 percent, the silica gel retained absorbed water, while salicornia lost or released almost all absorbed water after about 20 hours.  A second experiment showed that salicornia still exceeded the absorption capacity of silica gel at 75 percent relative humidity, by reaching a maximum absorption of about 50 grams of water for each 100 grams of material, but only after an elapsed time of almost 80 hours.  Sodium sulfate, the principal salt constituent in salicornia (with total salt 50 percent of plant material), is recognized as a desiccant and is used to remove water from organic solvents while remaining in a solid state; yet salicornia does not commonly appear on lists of desiccants for industrial use, even though it is less expensive than other desiccants.  


The results of the experiments suggest the use of salicornia as a desiccant in low energy, solar cooling systems, currently under development as replacements for fluorocarbon-based, high energy systems.  A principle of these systems is reduction in energy consumption through use of a desiccant as a pretreatment to dry air (in a humid climate) before cooling.  A circulating canister of desiccant allows for solar heating and drying, and thereby reuse of saturated desiccant.  Other desiccants do not release absorbed water as readily as salicornia.  Silica gel has to be heated to 250 degrees F in order to release absorbed water, whereas salicornia needs to be heated to only 

135 degrees F to redry in a few hours.  The future market projections for this type of cooling system are described as phenomenal.  


A number of unknowns and uncertainties remain over the use of salicornia as a desiccant including:

is sodium sulfate the primary desiccating agent in salicornia, and would an extract of sodium sulfate work as well as or more effectively than dried salicornia?

assuming that the desiccant properties of sodium sulfate are well known, including that a molecule of sodium sulfate can absorb up to ten molecules of water, why does sodium sulfate not appear on modern standard lists of industrial desiccants?

does the inability of salicornia to absorb water at low relative humidities create an impediment to its widespread use?

what would be the replacement period of dried salicornia material as used in air conditioning systems?

could microbial pathogens grow on the organic salicornia material within the air conditioning systems and pose a threat to human health, or would the 50 percent salt content prohibit microbial growth?  

would mixture and pelletization of dried salicornia, or its sodium sulfate extract, with clay or other materials create a superior product?

would the salt content be corrosive to air-conditioning equipment?


Jack Erickson has a contact in the air conditioning industry, which he will approach on the potential use of salicornia.  Doug Peters asked for someone else to volunteer to continue investigation of this potential use, but did agree to draft a TMA for Committee review.   

3B.  Desmond Hayes - Utilization of Salt in Road Foundation Material


Desmond Hayes submitted a draft TMA on the utilization of salt in the production of road stabilizing material.  In this process, old road pavement is taken up, ground, then mixed with salt and sulfur, and reused as roadbed foundation.  Des has prepared some sample materials and subjected them to water, with no deterioration of the material or loss of the salt, in contrast to the results of the tests on concrete made with sulfate salt.  Vashek suggested that the Caltrans Engineering Laboratory on Folsom Boulevard in Sacramento may be interested in this process.  Vashek delivered a bucket of salt to them a few years ago for testing, but his contact has since transferred and no follow up has been made. Vashek volunteered to attempt to renew contact with the Caltrans Lab.  Jack Erickson pointed out recent difficulty in making any contact with the Caltrans Lab either by e-mail or by phone.  Vashek responded that he would visit the lab in person.  Bryan Jenkins said that he could provide reference to a contact at the Caltrans Highway Maintenance Station in Davis.     

3C.  Gang Sun - Recovery and Purification of Sodium Sulfate Using Solar Energy


Gang Sun submitted a draft proposal for an experimental method of separating and recovering sodium sulfate from drainage.  Of the two primary constituents in drainage salt, sodium sulfate and sodium chloride, the former has a variable solubility depending on temperature, while the solubility of the latter remains constant with temperature change.  The solubility of sodium sulfate may increase by 50 percent with a temperature rise from 15 to 25 degrees Celsius, but may be suppressed by higher concentrations of sodium chloride.  This temperature change may occur in the San Joaquin Valley as the difference between early morning and mid-afternoon temperatures.  The variation in salt solubility allows for development of a method of salt separation utilizing connected ponds, a solar distiller and precipitation, and containers, altogether covering an area about the size of a small swimming pool.  Gang Sun outlined the proposed method and plans to construct a small pilot system at U.C. Davis, for which funding has already been obtained.  A contract will be developed with Red Martin and the Westside Resource Conservation District.  Different salt samples from various Valley locations can be tested in the pilot system, as well as the ability to manage such a system.  The pilot system will attempt to resolve three questions:

how can the separation and recovery of pure sodium sulfate from drainage water be accomplished;

after separation of sodium sulfate, how may the remaining water and salt (primarily sodium chloride) be reused or disposed; if other impurities such as calcium and magnesium sulfate are present, what additional separation and recovery methods are needed ?


Once answers to these questions have been obtained, an actual field system may be established, most likely at John Diener’s Red Rock Ranch.  A tentative schedule calls for establishment of the UCD pilot system from June through August, then a transfer of the UCD system to RRR in August and September.  Doug Peter’s 

UC field station was also suggested as a site for a field trial.  


Desmond Hayes questioned that if the separation and recovery technique proved infeasible, could the mixed sodium sulfate and sodium chloride salts be used in the textile or other industries?  Gang Sun replied that it could, but would require a special marketing effort, and an exclusion of calcium and magnesium sulfates as contaminants.  

3D.  Desmond Hayes - Solar Distillation


Desmond Hayes submitted a written report on the design, construction, and function of a solar distillation system.  Des included an energy transfer diagram and a partial material, cost, and product (distilled water and salt) balance sheet.  He has been in contact with the manufacturer of a greenhouse roofing material called Polygal, which would be suitable for solar distillation units, and information on technical specifications is being mailed to him.  Vashek suggested the possibility of combining the processes of solar distillation with sodium sulfate separation.  

3E.  Patty Liu and Bryan Jenkins - Industrial Uses and Markets for Sodium Sulfate


Patty Liu submitted a draft paper summarizing contacts and inquiries in the glass, detergent, paper, glazing, and dye industries as to their use and demand for sodium sulfate.  So far, 3 glass, 2 paper, and 1 dye manufacturers are possibly interested in a new agricultural supply of sodium sulfate and would like to have a sample of the product for testing.  Of those companies that did not express an interest in a new sodium sulfate supply, several east coast companies cited transportation cost as the reason.  Clorox, which has a plant in California, has not yet been contacted, but Bryan has a lead on a contact.  Desmond Hayes will investigate the cost of transporting salt.    


Approximately 300 pounds of sodium sulfate is required to provide sufficient testing material to those companies that have requested it.  None is available at present because of the extensive spring rains.  Salt from the solar evaporators at the Mendota Integrated on Farm Drainage Management site will be available in 1-2 weeks.  After analysis, the salt could be ready to ship by the first of June.  Doug Davis reported that TLDD does not have salt available, as drainage influx to the ponds is continuous, with scheduled drawdowns for maintenance only when needed, and during the late summer.  Vashek commented that having salt from other areas of the Valley would be desirable, and he mentioned Lost Hills WD, the Alpaugh Group, and G&C Meyer as additional sources of salt.  


Bryan Jenkins stressed the importance of collecting representative salt samples and doing a full analysis before distribution for testing.  Salt particle size is also important, as too fine a material can result in a dust problem.  Doug Peters observed that purity would be site-specific, noting that nearly pure sodium chloride may be obtained from a portion of the Alpaugh pond, as some salt separation is already occurring in the evaporation ponds.  Bryan pointed out that the installation of purification systems necessary to achieve an industrial standard (~99 percent) will be costly, and that an estimate of the cost needs to be developed.


Bryan reported on communication with North American Chemical based in Trona.  Precipitation from brine in nearby Searles Lake is the Company’s source of borax and sodium sulfate, the latter achieved at a purity of 99.3 percent.  Sodium chloride is the primary contaminant.  Bryan will be visiting the company soon for a tour, and invited others to come if interested.  NAC commented that an additional supply of sodium sulfate on the market was not needed.  Vashek pointed out that Valley agriculture was still several years away from providing a reliable supply of salt products.

3F.  Desmond Hayes - Meeting with Dr. Jesus Larralde 


Desmond Hayes circulated copies of notes on a recent meeting with Dr. Jesus Larralde of CSU Fresno on research being conducted in his laboratory, specifically on the development of a new pipe material, manufactured from flyash, caustic soda, and sodium silicate, which is very strong and smooth with a glass-like surface.  The material has been soaking in water for seven months with no observed deterioration.  

Des discussed with Dr.  Larralde the possibility of adding sodium sulfate to the material  mix.  Dr. Larralde said that he would be interested in experimenting with the salt, and requested a 50-pound bag.  Vashek said he could provide the salt by next week.       

4.
Final Report Outline


Vashek Cervinka introduced and distributed a draft chart evaluating the current status of different methods of salt and selenium utilization from the aspects of technology, products, feasibility, and development needs.  Vashek asked Committee members to provide comments on the chart, specifically on evaluation criteria and additional technologies.  Vashek then introduced and reviewed a draft report outline that he had prepared.  Specific areas needing additional work include analytical data on harvested salt, TMA revisions, environmentally safe methods for on-farm salt 

harvesting and achievement of marketable standards of purity, research and development opportunities, and economic and market analysis.  Vashek suggested that the meeting summaries and other individual reports could be incorporated in the Committee report as attachments.  

Action Items: 

5.
Future Activities


Vashek will visit evaporation pond sites around May 1 to collect salt for distribution and testing.  Samples will be sent to Desmond Hayes and Michael Shannon, who stated his interest in visiting the salt supply locations and as well as obtaining samples of the collected salt identified by location.  Manucher Alemi stressed the need to establish a good sampling protocol that would fully characterize the salt and contaminant content and distribution in the ponds, followed by a complete analysis of sample constituents.  Doug Peters pointed out that detailed analysis of the drainage influx already indicates what is in the ponds and the degree of soil contamination.  Vashek requested that all Committee members review the existing TMA’s and Utilization Status Chart and provide comments to him by e-mail or postal mail by 

May 1.  Contributions to report chapters needing additional work as specified above should also be submitted by May 1 or as soon as possible thereafter.  Vashek will put together a complete working draft report and mail a copy to members by June 30.  Arrangements will be made to make funds available to Gang Sun to begin development of methods of salt recovery and purification. 


The next meeting will be on Thursday, July 16, 10 a.m. to 2 p.m. at a yet to be determined location in Fresno [since set for the DWR Office].  The purpose of the next meeting will be to review the existing report.   

Attachment Converted: C:\CWNET\T8MS0423.WPD

Wayne Verrill`

San Joaquin Valley Drainage Implementation Program

Department of Water Resources

1020 Ninth Street, Third Floor

Sacramento, CA 95814

Phone: (916) 327-1667; CALNET 467-1667

Fax:  (916) 327-1815

E-mail:  wverrill@water.ca.gov
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SALT ANALYSIS

Table 3.

Crocker Nuclear Laboratory, UC Davis
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