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Abstract

In response to struvite accumulation problems at the Sacramento Regional Wastewater Treatment Plant, a 685,000 m3/day facility in California, studies were undertaken to understand the fundamentals of struvite formation and to develop control mechanisms based on that understanding.  The study was conducted in three phases.  Mechanisms affecting struvite solubility were studied in the first phase and an improved model for predicting struvite saturation conditions was developed.  Kinetics of struvite formation was studied in the second phase to evaluate the cause(s) of preferential accumulation in systems with relatively uniform precipitation potential.  Phase three consisted of utilizing a pilot-scale fluidized bed reactor to precipitate struvite from SSB supernatant at the SRWTP, incorporating knowledge gained from the solubility and kinetics experiments to optimize the reactor design.
Introduction

Accumulation of struvite (MgNH4PO4(6H2O) on pipe walls and equipment surfaces of anaerobic digestion and post-digestion processes is a problem that plagues the wastewater treatment industry.  Struvite is well known for plugging pipes and fouling pumps, aerators, screens, and other equipment.  Remediation is often impractical and, when possible, is costly in terms of labor, materials, and system downtime (Ohlinger et al, 1998).  At the Sacramento Regional Wastewater Treatment Plant (SRWTP), a 685,000 m3/d (181 mgd) facility in Northern California, struvite accumulation has rendered extensive piping systems inoperable and has created a continuous, and costly, maintenance requirement for removing struvite from equipment operating in post-digestion sludge storage basins (SSB).  All attempts to remove struvite accumulation from SSB supernatant system pipe walls have failed and the 5.6 km (3.5 mi.) piping system must be replaced.  System replacement, however, without discovery and implementation of controls to prevent further struvite formation will set the stage for further struvite accumulation.  Similar problems have been reported at treatment facilities elsewhere (Borgerding, 1972; Mohajit et al., 1989; Horenstein et al., 1990; Mamais et al., 1994).

Approach and Results Summary

In the phase one study, struvite equilibrium experiments were conducted in a controlled environment.  Equilibrium was approached from two directions, formation in supersaturated solution and dissolution of struvite solid in undersaturated solution.  Struvite synthesized in the laboratory and struvite collected from the field were used in the dissolution experiments.  A new value for the struvite solubility constant was derived from the equilibrium experiments.  The derived solubility constant was applied to the conditional solubility product model for predicting the struvite saturation condition presented in water chemistry texts by Stumm and Morgan (1970) and Snoeyink and Jenkins (1980).  Using the derived solubility constant and including the effects of ionic strength on ion activity and all complexation species, the model accurately predicted struvite precipitation potential at the SRWTP.  Using the same model with the commonly accepted struvite solubility constant failed to predict struvite precipitation in the SRWTP system where precipitation was occurring.  Both curves are plotted on Figure 1 with field data from SRWTP SSB supernatant.  Figure 1 illustrates supersaturation conditions accurately predicted by the model using the experimentally derived solubility constant and undersaturation predicted by the model using the commonly accepted solubility constant. 

In phase two, a study of the kinetics of struvite formation, the causes of preferential struvite accumulation in systems with relatively uniform precipitation potential was investigated.  Experiments were designed to study the rate controlling mechanisms for the two primary components of precipitation, nucleation and growth.  A lab scale investigation of nucleation and growth during the induction period revealed that the induction period was dominated by the nucleation process.  The results further showed nucleation to be a reaction controlled process dependent primarily on struvite supersaturation level that could not, therefore, cause preferential struvite accumulation.  Figure 2 illustrates the relation of struvite induction time to the supersaturation level.  Figure 3 illustrates the relative effects of changing mixing energy and supersaturation on struvite induction time and, together with Figure 2, supports the conclusion that the induction period is primarily controlled by the reaction limited nucleation process (Ohlinger et al, 1999).

Influences on struvite growth rate were also investigated in phase two by monitoring the accumulation rate on surfaces of coupons placed in SSB supernatant at the SRWTP.  Mixing intensity, struvite supersaturation level, CO2 stripping, surface roughness, and coupon material were investigated to determine the relative influence of each on struvite growth rate.  Mixing intensity was determined to exert the greatest influence on struvite growth, indicating transport limitations on the surface integration rate.  The findings were consistent with field observations of preferential struvite accumulation in areas of high mixing intensity.

Phase three experiments consisted of operation of a fluidized bed reactor (FBR) designed to rapidly precipitate struvite from process fluids, thereby reducing struvite precipitation potential and preventing struvite precipitation in downstream processes.  The system exploited the struvite solubility decrease associated with pH increase and the optimum surface integration rate on struvite crystal medium and in a high mixing energy environment.

The struvite solubility model developed in phase one has wide applicability as a predictive tool for designers and operators of wastewater treatment processes.  The model can be used to assess struvite precipitation potential and the effectiveness of proposed remediation measures.  Results from phase two provide designers with knowledge of configurations and materials selection to minimize impacts of struvite accumulation by eliminating conditions conducive to preferential accumulation.  Phase three experiments demonstrated that the FBR process can provide controlled struvite removal from process streams and demonstrated the first order kinetics of struvite precipitation in an FBR, illustrated in Figure 4 (Ohlinger et al, 2000).  Design guidelines for scale-up of a struvite precipitation system are presented.
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Figure 1.  Prediction of struvite saturation condition in SRWTP SSB supernatant using commonly accepted model inputs (dashed line) and experimentally derived model inputs (solid line).

Figure 2.  The effect of struvite supersaturation (Sa) on the induction time required to form detectable struvite precipitate from supersaturated solution at 22(C.
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Figure 3.  The effect of mixing energy and supersaturation (Sa) on the induction time required to form detectable struvite precipitate from supersaturated solution at 22(C.
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Figure 4.  First order reaction kinetics of struvite precipitation in a continuous-feed fluidized bed reactor, illustrated using the reduction in conditional solubility product (PS)
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