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ABSTRACT

Membrane processes are becoming more cost effective for the desalination of 

brackish groundwater. The main operational problem is flux loss through the membrane. 

Scaling of membranes is inevitable when desalinating saline water, however, now 

membrane scaling can be simulated in the laboratory. Using the rapid bench scale 

membrane test system, membranes can be tested in the laboratory at a lower cost and 

without possible damage to the main system. Actual data recorded from using the 

RBSMT was then compared to field data recorded from the Homestead dual membrane 

facility at the Homestead colonia, in East El Paso, Texas. Both sets of data had similar 

trends, mainly the increase in pH and saturation index of the feed waters passed through 

the two systems.

The main purpose of this experiment was to see if the rapid bench scale 

membrane test system can be used to simulate conditions in a full-scale facility, and 

ultimately predict these conditions. Increasing the saturation index of different feed 

waters into the RBSMT will do this. By using the concentrates obtained from the 

different feed waters passed through the RBSMT as the next feed water, the saturation 

index of each feed water is increased.

For the RBSMT, the saturation index of the feed water increased from -0.31 to 

0.88, indicating that each successive feed water had a higher potential of precipitating 

salts onto the membrane. The flux loss through the system was reduced by 10% over a 

140-hour period due to this increase in saturation index. This data was compared to an

v
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11% flux loss in the stage two membranes at the Homestead facility over a 1,824-hour 

period. The data from Homestead showed a similar increase in saturation index over 

time, from -0.50 to 0.17. While this does not prove that bench scale system can predict 

scaling in a full-scale facility, it does suggest that the bench scale system can be used to 

simulate those conditions.
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CHAPTER I

1.1 Introduction

Since the late 1800’s, the Hueco Bolson, an unconfined, alluvial aquifer, has been 

the major source of water for the cities of El Paso, Texas, and Ciudad Juarez, Mexico. It 

currently supplies nearly 40% of El Paso’s water needs, and all of the water needs of 

Ciudad Juarez. However, the volume of potable water remaining in the aquifer is quickly 

diminishing.

According to the 1990 census, El Paso currently has a population of 580,000 

people, with a growth rate of 2.1 % per year. Ciudad Juarez has 1.5 million people, with a 

growth rate of 5% per year (hitD:/Avwv.nnisti.cdu/--fronicra/mav96/9mavi096.himl. 2/10/98). 

The average El Paso resident uses 175 gallons per day of water, equaling 100 million 

gallons per day for the city (hitp:#wvw.nmsu.cdu/~fromcra/ma\36/9mav!096.htmi. 2/10/98). 

Ciudad Juarez residents only use 88 gallons per day, but that equals nearly 132 million 

gallons per day for the (hup:/Av\\Av.nmsu.cdw~famtcra/ma\q6/9mavl0%himl. 2/10/98). With 

the combined populations of both cities estimated to be nearly 4 million by the year 2030, 

the stress on the Hueco Bolson can only increase. An estimation of the population growth 

is listed in table 1.1, and a graph can be seen in figure 1.1 on the following page 

(http://www.cerm.edu, 1997).

Adding to the problem is a lack of natural recharge into the aquifer. With a 

regional annual rainfall amount of only 8 inches per year, the Rio Grande and natural 

precipitation do not recharge the aquifer as quickly as the water is pumped out. As the

l
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Table 1.1: Population projection for the El 
Paso/Ciudad Juarez area

Popluation Projection for the El
Paso/Ciudad Juarez Area
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Census Year

Figure 1.1: El Paso/Ciudad Juarez Population Projection
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Year El Paso Cd. Juarez Total
1950 194,968 131,308 326,276
1960 314,070 276,995 591,065
1970 359,291 424,135 783,426
1980 479,899 567,365 1,047,264
1990 591,610 798,499 1,390,109
2000 713,904 1,203,794 1,917,698
2010 876,560 1,641,282 2,517,842
2020 1,034,560 2,020,822 3,055,382
2030 1,205,676 2,565,766 3,771,442
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fresh water is removed, brackish water intrudes into the fresh water portion of the aquifer, 

making it non-potable. The problem is especially magnified in the eastern subdivisions of 

El Paso, the Colonias (Moncada, 1996). A Colonia is, by definition “a rural and 

unincorporated subdivision of a US city located along the Texas-Mexico international 

boundary. Substandard housing, inadequate plumbing and sewage disposal systems, and 

inadequate access to clean water characterize Colonias. Twenty four percent of 

households are not connected to treated water” (Salinas, Bensenberg, Amazeen, 1988). 

Many residents use their own wells for water, and this water can be very saline, with a 

total dissolved solids concentration (TDS) content of 1100 -  1400 (Moncada, 1996). 

Total dissolved solids (TDS) is a measure of the total amount of materials dissolved in a 

sample of water. The Texas State limit for TDS is 1000 for drinking water, and the 

Environmental Protection Agency’s (EPA) secondary limit is 500. Seawater, for example, 

has a TDS of34,000, classifying it as ’’highly brackish” water.

1.2 Membrane Technology

The most common process for reducing salinity of brackish groundwater is reverse 

osmosis (Hammer, Veissman, 1993). During osmosis, water flows from a lower salt 

concentration through a membrane into a higher salt concentration to try to achieve 

equilibrium. The membrane allows water to flow through it while blocking ions. 

Applying pressure to the side with the larger sodium content can stop or reverse this 

process. By exceeding the osmotic pressure, the water can be forced from the saline
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