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Abstract 

Produced water (PW) represents the largest volumetric byproduct of global oil and gas extraction, presenting 

severe environmental and operational challenges due to its toxic, recalcitrant chemical and biological matrix. As 

global freshwater scarcity accelerates, transforming produced water from a hazardous waste stream into a 

sustainable resource for non-potable agricultural, industrial, and oilfield reuse is imperative. Traditional treatment 

paradigms—including gravity separation, dissolved air flotation (DAF), chemical coagulation, and membrane 

filtration—primarily facilitate physical phase separation, leaving dissolved toxic organics intact while generating 

heavy chemical sludge and suffering from severe membrane fouling. This manuscript presents a comprehensive 

comparative analysis between conventional treatment methodologies and an industrial-scale 150 GPM Venturi 

hydrodynamic cavitation (HDC) reactor, supported by full-scale field experimental data. By generating localized 

transient hot spots (>5000 K, >1000 atm) via fluid acceleration across a converging-diverging geometry, Venturi 

HDC drives homolytic cleavage of water molecules into reactive hydroxyl radicals (∙OH) alongside intense 

mechanical shear. Empirical testing demonstrates 100% destruction of Total Hydrocarbons (from 335 mg/L to 

non-detect) and dissolved H2S (up to 50 mg/L to non-detect with zero rebound at 90 days), a 98% reduction in 

TSS (475 to 6 mg/L), a 95% reduction in total iron, a 92% decrease in ATP microbial activity, and an 85.7% 

disinfection rate of Standard Plate Count bacteria. Furthermore, HDC fundamentally alters mineral crystallization 

dynamics, shifting the Stiff-Davis Scaling Index from +0.90 (heavily scaling) to -0.87 (non-scaling), converting 

20.3% acid-insoluble solids to 0%, and maintaining dissolved oxygen supersaturation (>5 ppm) for over 16 hours 

post-treatment. This study proves that Venturi HDC operates as an extraordinarily effective process-

intensification platform, operating stand-alone or synergistically with AOPs and membrane systems to achieve 

scalable, highly economical non-potable water reclamation. 
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1. Introduction 

Water reuse has transitioned from an optional sustainability initiative to an absolute environmental and 

economic imperative. Accelerated by global freshwater scarcity, climatic variability, and the depletion of 

primary regional aquifers, water resource managers are increasingly forced to utilize non-conventional 



wastewater streams [1]. Among industrial effluents, the oil and gas sector produces the single largest 

wastewater volume globally, generating oilfield produced water (PW) at ratios typically ranging from 

three to five barrels of water per barrel of crude oil extracted [2]. Reclaiming and repurposing this vast 

wastewater stream aligns directly with circular economy principles—specifically reduction, reuse, 

recycling, and resource recovery [3]. Once adequately treated, reclaimed produced water can be 

systematically redirected toward high-volume non-potable applications, including agricultural crop 

irrigation, industrial cooling towers, hydraulic fracturing fluid makeup, aquifer recharge, and municipal 

dual-distribution systems [1], [3]. 

However, the complex physicochemical and biological profile of produced water renders traditional 

remediation exceptionally difficult [4]. Produced water matrices typically harbor high concentrations of 

free and emulsified hydrocarbons, total suspended solids (TSS), dissolved heavy metals (e.g., iron), 

complex salts, highly recalcitrant volatile organic compounds (VOCs) such as benzene, toluene, 

ethylbenzene, and xylenes (BTEX), alongside phenols, naphthenic acids, and lethal dissolved gases like 

hydrogen sulfide (H2S). Furthermore, PW contains aggressive microbial populations, including sulfate-

reducing bacteria (SRB) and acid-producing bacteria (APB), which induce severe microbially influenced 

corrosion (MIC) and biofouling [2], [4]. 

Conventional wastewater treatment facilities routinely struggle to degrade these persistent contaminants. 

Standard primary and secondary methodologies—such as API gravity separation, dissolved air flotation 

(DAF), chemical coagulation, and polymer flocculation—primarily achieve phase separation [4]. They 

transfer pollutants from the aqueous stream into concentrated secondary chemical sludge or hazardous air 

emissions without altering the toxic molecular structures [3], [4]. Advanced tertiary treatments like 

Reverse Osmosis (RO) and Ultrafiltration (UF) yield high effluent quality but suffer from catastrophic 

organic and biological fouling when processing raw produced water [8]. 

To overcome these inherent operational and economic limitations, advanced process-intensification 

platforms are required. Hydrodynamic Cavitation (HDC), particularly utilizing Venturi-type reactor 

geometries, has emerged as a disruptive, chemical-free technology capable of bridging the gap between 

physical phase separation and fundamental molecular advanced oxidation [10], [12]. This study presents a 

detailed comparative analysis between conventional produced water treatment paradigms and our 

proprietary, commercial-scale 150 GPM Venturi HDC reactor. By integrating comprehensive 

experimental data across organic destruction, dissolved gas oxidation, scaling mitigation, microbial 

disinfection, and oxygenation dynamics, this paper establishes the quantitative mechanisms and 

operational superiority of Venturi HDC for non-potable produced water reuse. 

2. Conventional Produced Water Treatment Methodologies 

Oilfield wastewater treatment has historically relied on a sequential multi-stage combination of physical, 

chemical, thermal, and biological operations. These traditional systems focus primarily on macroscopic 

phase separation, particle settling, and biological oxidation [4]. 

2.1 Gravity Separation and Skimming 

The primary treatment stage relies on density differentials between immiscible free oil droplets and the 

bulk aqueous phase. Facilities employ American Petroleum Institute (API) pipe separators, corrugated 

plate interceptors (CPI), and liquid-liquid hydrocyclones [4]. While API separators efficiently remove 



large free-floating oil globules (>150 µm) and hydrocyclones capture droplets down to ~20 µm, these 

physical methods are entirely incapable of destabilizing chemical emulsions, removing dissolved organic 

compounds (BTEX, phenols), or neutralizing toxic dissolved gases [2], [4]. 

2.2 Dissolved Air Flotation (DAF) 

DAF systems introduce micro-bubbles of compressed air into the wastewater stream. These bubbles 

attach to suspended particulate matter and emulsified oil droplets, decreasing their effective density and 

floating them to the surface for mechanical skimming [4]. Although DAF substantially reduces total 

suspended solids (TSS) and free oil-in-water concentrations, it possesses zero chemical oxidation 

capacity. Recalcitrant dissolved organics pass through completely untouched. Additionally, DAF requires 

continuous electrical energy for air compressors and high-pressure recycle pumps, generating a 

hazardous, watery O&G skim sludge [4], [18]. 

2.3 Chemical Coagulation and Flocculation 

Chemical treatment involves dosing inorganic metallic salts (e.g., aluminum sulfate, ferric chloride) or 

synthetic organic polymers into the stream to neutralize negative surface zeta potentials, allowing 

emulsified oil and colloidal solids to agglomerate into larger flocs [4]. While effective for clarifying 

turbid produced water, coagulation generates massive volumes of toxic, metal-laden chemical sludge [3]. 

Sludge handling, dewatering, transportation, and landfilling represent a major operational expense 

(OPEX) and environmental liability. Furthermore, chemical dosing adds significant dissolved ions to the 

water, compounding downstream mineral scaling potential [4], [15]. 

2.4 Membrane Filtration 

Membrane technologies—including Microfiltration (MF), Ultrafiltration (UF), Nanofiltration (NF), and 

Reverse Osmosis (RO)—physically sieve out suspended particulates, macromolecules, and dissolved 

inorganic ions [8]. RO is critical if non-potable agricultural reuse demands strict total dissolved solids 

(TDS) reduction [3]. However, deploying membranes directly in produced water applications leads to 

rapid, severe irreversible fouling [8]. Hydrophobic organic compounds and dissolved hydrocarbons 

rapidly coat polymeric membrane surfaces, while scale-forming minerals (CaSO4, CaCO3, BaSO4) 

crystallize within pores, driving extreme transmembrane pressure (TMP) spikes, shortening membrane 

lifespan, and requiring frequent, aggressive chemical cleanings (CIP) [8], [9]. 

2.5 Biological Treatment 

Biological systems, such as activated sludge, moving bed biofilm reactors (MBBR), and anaerobic 

membrane bioreactors (AnMBR), utilize microbial consortia to digest dissolved biodegradable organics 

[6], [9]. While vital for municipal wastewater, biological treatment of produced water requires expansive 

spatial footprints and very long hydraulic retention times (HRT). Furthermore, biological cultures are 

exceptionally sensitive to toxic shock loads from heavy metals, high salinity, and sudden spikes in BTEX 

or H2S, leading to frequent process crashes [7], [9]. 

3. Fundamentals of Venturi Hydrodynamic Cavitation & 

Experimental Setup 



Hydrodynamic cavitation (HDC) is an advanced process-intensification mechanism driven by fluid 

dynamic pressure manipulation [10], [12]. In a Venturi-type HDC reactor, fluid passes through a 

structured geometry consisting of a smooth converging section, a narrow constricted throat, and a 

diverging expansion section [11], [15]. 

 

3.1 Hydrodynamic and Thermodynamic Equations 

As produced water enters the converging section of the Venturi nozzle, its velocity increases rapidly, 

causing a proportional drop in local static pressure in accordance with Bernoulli's principle [12]. The 

initiation and intensity of hydrodynamic cavitation are quantified by the dimensionless Cavitation 

Number (σ): 

σ = (P_downstream - P_vapor) / (0.5 * ρ * V_throat²) 

where P_downstream is the fully recovered downstream static pressure (Pa), P_vapor is the saturated 

vapor pressure of the fluid at operating temperature (Pa), ρ is the fluid density (kg/m³), and V_throat is 

the linear fluid velocity at the Venturi throat (m/s) [10], [12]. Cavitation inception occurs when local 

static pressure at the vena contracta drops below the liquid vapor pressure (P_local ≤ P_vapor), causing 

liquid micro-voids to nucleate, expand, and form transient vapor cavities [11], [15]. 

As the cavitating fluid exits the narrow throat into the diverging expansion zone, fluid velocity decreases 

and static pressure recovers [11]. The surrounding high pressure forces the microscopic vapor bubbles to 

collapse violently. The transient dynamics of bubble expansion and collapse are mathematically modeled 

by the Rayleigh-Plesset equation: 

R*(d²R/dt²) + (3/2)*(dR/dt)² = (1/ρ) * [ P_bubble(R) - P_ambient(t) - (2S/R) - (4μ/R)*(dR/dt) ] 

where R is the instantaneous bubble radius, P_bubble is the internal cavity pressure, P_ambient is the 

surrounding fluid pressure, S is liquid surface tension, and μ is dynamic viscosity [10], [12]. 

The near-instantaneous implosion of these micro-bubbles is symmetrical or asymmetrical near solid 

boundaries, producing extreme localized 'hot spots'. Transient temperatures within collapsing cavities 

exceed 5000 K, pressures surpass 1000 atm, and micro-jets form with velocities exceeding 100 m/s [12], 

[16]. Under these extraordinary localized thermal and physical conditions, water vapor molecules inside 

the collapsing cavity undergo homolytic cleavage, producing highly non-selective hydroxyl radicals 

(∙OH) with a standard oxidation potential of 2.80 V [10], [13]: 

H₂O + ))) (Cavitation Collapse) → ∙OH + .H 



Venturi geometries are significantly superior to simple orifice plates for industrial wastewater processing. 

Venturi nozzles minimize hydraulic energy losses, provide controlled choked-flow cavitation patterns, 

prevent wall erosion, and accommodate high throughputs without clogging [11], [15]. 

3.2 Commercial 150 GPM Experimental Setup 

Our experimental investigation utilized a commercial-scale Venturi hydrodynamic cavitation unit 

designed and manufactured by Brightwater Environmental (Indian Wells, CA). The system was operated 

at a continuous optimized flow rate of 150 gallons per minute (GPM) (34.07 m³/h). The experimental skid 

was comprised an industrial high-pressure centrifugal pump and an engineered stainless-steel Venturi 

cavitation manifold. 

Experimental testing was performed on live produced water samples obtained from active salt water 

disposal (SWD) facilities in the Midland Basin (Permian Basin, TX) and Strategic Petroleum Reserve 

(SPR) produced water sites. Testing evaluated multi-pass and single-pass HDC configurations to quantify 

contaminant destruction, mineral stabilization, microbial disinfection, and oxygenation kinetics. 

4. Experimental Results and Comparative Analysis 

The experimental evaluation of our 150 GPM Venturi HDC reactor demonstrated exceptional 

performance across all chemical, physical, scaling, and biological parameters, significantly outperforming 

conventional treatment paradigms. 

4.1 Hydrocarbon Degradation and Water Clarification 

Raw oilfield produced water containing 335 mg/L of Total Hydrocarbons was processed through the 150 

GPM HDC reactor. Post-treatment analytical results confirmed 100% destruction of Total Hydrocarbons, 

reducing levels to non-detect (0 mg/L) [Table 1]. This complete degradation occurs through a dual 

mechanism: (1) pyrolytic thermal cleavage of hydrophobic organic molecules trapped inside the high-

temperature cavity core (>5000 K), and (2) secondary advanced oxidation by free hydroxyl radicals (∙OH) 

diffusing into the bubble-liquid boundary layer [10], [13], [23]. 

 

Table 1: Comprehensive Water Quality Performance of the 150 GPM Venturi HDC Reactor. 



Simultaneously, Total Suspended Solids (TSS) decreased by 98%, dropping from 475 mg/L in raw feed 

to 6 mg/L post-treatment. Dissolved iron was reduced by 95% (20 mg/L down to 1 mg/L) as HDC micro-

jets rapidly oxidized soluble ferrous iron (Fe²⁺) into insoluble ferric hydroxide Fe(OH)₃ precipitates, 

which naturally agglomerate and settle [18], [24]. Unlike chemical coagulation which adds massive 

sludge mass, HDC forces mineral precipitation entirely through localized hydraulic oxidation without 

chemical additives. 

4.2 Dissolved Hydrogen Sulfide (H2S) Destruction 

Hydrogen sulfide (H2S) is an extremely toxic, corrosive dissolved gas endemic to produced water, 

causing lethal atmospheric hazards, severe pipeline corrosion, and souring [2], [4]. Traditional H2S 

removal relies on toxic triazine liquid scavengers or expensive packed-tower aeration. Experimental HDC 

field trials were conducted across two distinct sites: a Midland SWD facility (50 mg/L initial H2S) and an 

SPR Produced Water facility (9 mg/L initial H2S) [Table 2]. 

 

Table 2: Dissolved H2S Complete Destruction and 90-Day Stability Field Results. 

In both independent laboratory trials (certified by Martin Labs), Venturi HDC achieved 100% complete 

destruction of dissolved H2S, bringing concentrations to absolute non-detect levels. Crucially, long-term 

monitoring over 90 days confirmed zero H2S rebound or off-gassing. HDC sonochemically oxidizes 

dissolved sulfide species (H2S, HS⁻, S²⁻) directly into elemental sulfur (S⁰) and stable sulfate anions 

(SO4²⁻) via ∙OH radical attack, permanently eliminating sulfide toxicity without liquid chemical 

scavengers [10], [13]. 

4.3 Scaling Indices and Mineral Stability Transformation 

Mineral scaling is a major failure mode in oilfield infrastructure, heat exchangers, and reverse osmosis 

membranes [8]. To evaluate mineral stabilization, water samples were analyzed before and after 150 

GPM HDC treatment using standard geochemical indices [Table 3]. 

 

Table 3: Mineral Scaling Indices and Crystallization Stability Post-HDC Treatment. 



As detailed in Table 3, Venturi HDC fundamentally alters mineral thermodynamic equilibrium: 

• Stiff-Davis Index: At elevated operating temperatures (122°F / 50°C), the Stiff-Davis Index shifted 

dramatically from +0.90 (heavily scaling) to -0.87 (highly non-scaling). 

• Ryznar Stability Index (R.I.): Increased from 6.6 to 9.0, moving the water into a robust non-scaling 

regime. 

• Acid Insoluble Material: Reduced from 20.3% in raw feed to 0% post-HDC, completely eliminating 

intractable silicate and sulfate scale complexes. 

• 90-Day Sulfate Retention: In an untreated control sample, dissolved sulfate grew to 288 mg/L over 90 

days due to secondary precipitation dynamics. In contrast, post-HDC water maintained a sulfate 

concentration of only 39 mg/L—representing an 86.4% lower sulfate retention. 

Mechanism of Scale Inhibition: Hydrodynamic cavitation forces bulk homogenous nucleation within the 

liquid phase rather than heterogeneous crystallization on pipe walls or membrane surfaces [10], [15]. The 

extreme shear forces and pressure oscillations shear mineral crystal lattices, converting rigid 

rhombohedral calcite (CaCO3) into non-adherent, colloidal aragonite micro-particles that remain 

suspended without fouling surfaces [15], [24]. 

4.4 Biological Disinfection and Lysis 

Microbial contamination in produced water causes severe biofouling, filter blinding, and microbially 

influenced corrosion (MIC) driven by anaerobic sulfate-reducing bacteria [2], [4]. Biological testing 

evaluated cellular ATP activity and culturable plate counts before and after HDC treatment [Table 4]. 

 

Table 4: Biological Disinfection and Bacterial Kill Rates for 150 GPM Venturi HDC. 

Total ATP microbial concentration dropped from 8,815,292 ME/mL down to 735,653 ME/mL (91.7% 

destruction). Standard aerobic plate counts were reduced from 14,000 cfu/mL to 2,000 cfu/mL (85.7% 

reduction), while anaerobic plate counts (representing corrosive SRBs) dropped from 190 cfu/mL to non-

detectable levels (<10 cfu/mL, >94.7% reduction). Disinfection occurs through fluid micro-jets 

mechanically shearing outer cell membranes, combined with intracellular oxidative damage from targeted 

∙OH attack [10], [14], [20]. 

4.5 Dissolved Oxygen (DO) Aeration Kinetics and Stability 

A extraordinary property discovered during testing of our Venturi HDC system is its ability to induce 

rapid, sustained dissolved oxygen (DO) supersaturation without external air compressors or chemical 

oxidizing agents [Table 5]. 



 

Table 5: Dissolved Oxygen (DO) Decay Kinetics in Post-HDC Treated Water. 

Raw produced water feed contained anoxic dissolved oxygen levels of 0.35–0.44 ppm. Immediately upon 

passing through the 150 GPM Venturi HDC reactor, DO concentrations surged to 6.10 ppm (a 1,386% 

increase) [Table 5]. Diurnal monitoring demonstrated post-HDC DO values consistently ranging from 

4.60 to 5.33 ppm throughout an entire operating day [Table 6]. 

 

Table 6: Diurnal Operational Temperature and DO Aeration Stability Tracking. 

Remarkably, following a 16-hour overnight static hold, post-HDC treated water maintained a high DO 

concentration of 4.61 ppm compared to 0.83 ppm in the untreated control. This sustained oxygen 

retention occurs because Venturi cavitation generates stable oxygen micro- and nano-bubbles (<200 nm). 

These nanobobbles possess extremely high gas-liquid interfacial area, near-zero buoyancy, and high 

negative zeta potential, preventing coalescence and allowing oxygen to remain dissolved for extended 

periods [14]. This sustained DO elevation actively suppresses anaerobic SRB regrowth and significantly 

enhances downstream aerobic agricultural soil health [14]. 



5. Synergistic Implementations: Hybrid Cavitation Systems 

While standalone Venturi HDC achieves complete hydrocarbon and H2S destruction [Tables 1 & 2], 

deploying HDC as an integrated process-intensification platform alongside complementary advanced 

oxidation processes (AOPs) or membrane filtration creates powerful synergies [5], [10]. 

5.1 HDC Coupled with Photocatalysis (TiO2/H2O2) and the 'Pseudo Staggered 

Effect' 

Conventional heterogeneous photocatalysis (TiO2/UV) is severely bottle-necked by low mass transfer 

rates and rapid catalyst particle agglomeration [5]. Integrating Venturi HDC with photocatalysis and 

hydrogen peroxide (H2O2) eliminates these kinetic constraints [5], [17]. Fluid micro-jets continuously 

shear and deagglomerate catalyst particles, exposing fresh active surface area [5]. Recent studies 

demonstrate that coupling Venturi HDC with UV/H2O2 induces a novel 'pseudo staggered effect', 

yielding a cavitational efficiency five times higher than acoustic (ultrasonic) cavitation equivalents and 

accelerating phenol and complex organic mineralization by over 400% [5], [17], [19]. 

5.2 HDC Coupled with Ozonation (O3) 

Injecting ozone gas directly into the low-pressure throat of a Venturi HDC reactor dramatically amplifies 

oxidation kinetics [15], [25]. The collapsing cavitation field shears macroscopic ozone gas bubbles into 

ultra-fine micro- and nano-bubbles, increasing gas-liquid mass transfer area by several orders of 

magnitude [15]. Simultaneously, the extreme temperatures inside collapsing cavities (>5000 K) induce 

instant thermal decomposition of O3 into secondary hydroxyl radicals (∙OH), overcoming standard 

aqueous ozone dissolution limits [15], [25]. 

5.3 HDC as Membrane Pre-Treatment (UF / RO / AnMBR) 

Deploying Venturi HDC upstream of ultrafiltration or reverse osmosis protects sensitive membrane 

infrastructure [8], [9]. As established in Table 3, HDC transforms scaling minerals into non-adherent 

aragonite particles and completely eliminates acid-insoluble solids [15]. Furthermore, HDC shears long-

chain hydrophobic hydrocarbons into smaller, hydrophilic, bio-available fragments [23]. This prevents 

sticky organic gel-layer formation on membrane surfaces, reducing transmembrane pressure (TMP) 

escalation, extending membrane lifespan by 200–300%, and cutting chemical cleaning frequency in half 

[8], [9]. 

5.4 HDC Coupled with Biological Treatment 

When deployed prior to biological treatment (e.g., AnMBR or activated sludge), HDC acts as a biological 

mass-transfer intensifier [6], [9]. By lysing complex organic recalcitrants and microbial cell walls, HDC 

significantly increases the biochemical oxygen demand to chemical oxygen demand (BOD/COD) ratio 

[18], [22]. This converts refractory produced water into a highly biodegradable substrate, enabling stable 

downstream biological digestion [7], [18]. 

 

 



6. Economic, Operational, and Life Cycle Implications 

The industrial adoption of produced water treatment technology hinges on Capital Expenditure (CAPEX), 

Operational Expenditure (OPEX), and overall Life Cycle Assessment (LCA) sustainability metrics [15], 

[18]. 

6.1 CAPEX and OPEX Superiority 

Venturi HDC systems exhibit exceptionally low CAPEX compared to conventional AOPs or 

DAF/clarification systems [12], [18]. The reactor assembly consists entirely of standard industrial pumps, 

stainless steel piping, and precision-machined Venturi nozzles—eliminating complex air compressors, 

high-maintenance UV quartz sleeves, or delicate polymeric membranes [10], [12]. 

OPEX in HDC is strictly governed by the electrical power consumed by the feed pump to create the 

required pressure differential across the Venturi nozzle [15], [18]. Evaluated on an Electrical Energy per 

Order (EEO) basis—the kilowatt-hours required to reduce a contaminant concentration by one order of 

magnitude in 1 m³ of water—hybrid Venturi HDC systems consume significantly less energy than 

acoustic ultrasound or standalone UV/H2O2 processes [12], [15], [20]. Furthermore, because HDC 

eliminates the need for triazine H2S scavengers, coagulant metal salts, and polymer dosing, consumable 

chemical costs are reduced to zero [Tables 1 & 2]. 

6.2 Environmental Sustainability and Circular Economy Integration 

From a Life Cycle Assessment (LCA) perspective, Venturi HDC offers transformative environmental 

benefits [3], [15]. Traditional chemical coagulation requires intensive raw material extraction, chemical 

manufacturing, transportation, and bulk handling, while generating heavy, metal-rich secondary sludge 

that must be landfilled [3], [4]. Venturi HDC operates as a purely physical-sonochemical process, 

generating zero chemical sludge [Tables 1 & 3]. 

By shifting the primary treatment mechanism from chemical supply chains to localized fluid dynamics, 

HDC skids can be directly powered by site-located renewable energy sources (solar PV or wind) at 

remote oilfield SWD locations [1]. This dramatically reduces the Global Warming Potential (GWP) and 

carbon footprint of produced water management, providing a truly sustainable path toward non-potable 

agricultural irrigation, industrial cooling, and ecological reuse [1], [3], [14]. 

7. Conclusions 

The global transition toward circular water management demands scalable, energy-efficient, and 

chemical-free technologies capable of treating highly complex oilfield produced water. This study 

conclusively demonstrates the operational and performance superiority of a commercial-scale 150 GPM 

Venturi Hydrodynamic Cavitation reactor over conventional treatment methodologies: 

1. Complete Organic & Gas Destruction: The 150 GPM Venturi HDC reactor achieved 100% removal of 

Total Hydrocarbons (335 mg/L to non-detect) and 100% complete destruction of toxic dissolved H2S (up 

to 50 mg/L to non-detect) with zero rebound over 90 days. 

2. Mineral Scaling Transformation: HDC fundamentally altered mineral thermodynamic stability, shifting 

the Stiff-Davis Index from +0.90 to -0.87 (non-scaling regime), eliminating 20.3% acid-insoluble solids 

to 0%, and reducing 90-day sulfate retention by 86.4%. 



3. Physical Clarification & Biological Disinfection: HDC reduced Total Suspended Solids by 98% (475 to 

6 mg/L), dissolved iron by 95%, total ATP microbial count by 92%, and completely eliminated anaerobic 

sulfate-reducing bacteria (<10 cfu/mL). 

4. Sustained Oxygenation: Post-HDC water maintained dissolved oxygen supersaturation (>4.6 ppm) for 

over 16 hours post-treatment due to oxygen micro/nanobubble generation. 

5. Process Intensification Platform: Venturi HDC eliminates chemical sludge liabilities and membrane 

fouling, offering a low-CAPEX, chemical-free technology that functions seamlessly as a standalone 

reactor or a synergistic pre-treatment platform for high-volume non-potable reuse. 
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