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This project focuses on evaluating the integration of accelerated precipitation softening 
(APS) for scale mitigation with membrane RO desalting to enable high RO recovery. The 
technical and economic feasibility of the integrated APS/RO process and the practical 
recovery limits are being evaluated via laboratory evaluation using both brackish water field 
samples and model solutions along with computational model simulations.   

 
The salinity of brackish groundwater in the 
San Joaquin (SJ) Valley ranges from about 
2000 to as high as nearly 29,000 mg/L total 
dissolved solids (TDS); in recent years, 
membrane desalination has been proposed 
as the practical technology to reduce this. 
Membrane desalination for SJ Valley brack-
ish water would have to be carried out at 
relatively high water recovery in order to 
reduce the volume of generated reverse 
osmosis (RO) concentrate. However, at 
high water recoveries the concentration of 
mineral salt ions, on the feed-side of the 
membrane, may increase to levels that 
exceed the solubility limits of sparingly 
water soluble mineral salts (e.g., calcium 
sulfate, calcium carbonate and barium 
sulfate). As a result, these mineral salts may 
crystallize on the membrane surface and 
also precipitate in the bulk feed solution and 
deposit onto the membrane surface. This 
results in mineral scale build-up on the 
membrane surface that leads to permeate 
flux decline, shortening of membrane life, 
and consequently, reduction in process 
efficiency, increased operational cost and 
limitation on the maximum achievable 
product water recovery.   

High recovery can be achieved if mineral 
salt scaling is alleviated. Accordingly, the 
present project focuses on evaluating the 
integration of accelerated precipitation soft-
ening (APS) for scale mitigation with 
membrane RO desalting. APS treatment 

serves to de-supersaturate the RO primary 
feed or concentrate stream with respect to 
mineral salt scalants of concern. The 
demineralized stream can then be further 
desalted in a secondary RO stage to reach 
the target product water recovery. In the first 
phase of the project, a systematic theoreti-
cal thermodynamic solubility analysis was 
carried out to evaluate the limits on product 
water recovery due to mineral salt precipita-
tion. This was done for five source water 
locations in the SJ Valley. The analysis 
revealed that, even with the use of anti-
scalants and acidic pH adjustment, primary 
RO recovery in the five different locations 
would be in the range of 54%-76%. 
Recovery in excess of 90% is feasible, via 
secondary RO desalting of the primary RO 
concentrate, provided that the appropriate 
amount of dissolved calcium is removed by 
APS in order to de-supersaturate the RO 
concentrate. A design methodology was 
developed to determine the feasible primary 
RO recovery limit, the required percent of 
calcium removal by APS and the operating 
pH for the secondary RO stage. Such an 
approach will enable streamlining future RO 
pilot studies and aid in process scale-up. 

Preliminary successful experiments were 
carried out to demonstrate the technical 
feasibility of the integrated RO-APS-RO 
desalting process. Diagnostic methods were 
developed to assess APS kinetics and the 
associated efficiency of reducing mineral 



scaling propensity. Moreover, based on 
analysis of field water samples, the limits on 
primary RO recovery, as well as the pre-
treatment needs for successful RO desal-
ination have been identified. Continuing 
studies will provide additional valuable data 
necessary to estimate the cost of achieving 
up to 95% desalination recovery. Based on 
initial cost analysis, it is estimated that water 
desalination cost for the integrated RO-
APS-RO process is in the range of typical 
brackish water desalination. However, it is 
noted that the reduction in concentrate vol-
ume could reduce the overall water pro-
duction cost and make the process more 
environmentally acceptable relative to lower 
recovery brackish RO desalting processes. 
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Collaborative Efforts 
The California Department of Water 
Resources, Salinity Drainage Program has 
provided water samples from various loca-
tions in the SJ Valley. Water quality analysis 
was also provided for all samples. All of the 
above was provided as in-kind support. 
The Metropolitan Water District of Southern 
California has provided antiscalant samples 
that were utilized in this study. A membrane 
concentrator, provided by MWD as in-kind 
contribution, was utilized in this study to 
evaluate high recovery RO desalination. 
OLI Systems (Morris Plains, NJ) provided, 
at a significant discount, the LabAnalyzer 
2.0 thermodynamic simulator that was 
utilized in this study for solubility analysis.  
Hydranautics and Koch Membrane Systems 
have provided membranes as in-kind 
contribution for use in the present study. 
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