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TURN-KEY ADVANCED OXIDATION PROGRAM HELPS REFINERY
PROCESS STORED HIGH STRENGTH CAUSTIC WASTEWATER OUTAGE
Project Scope
A refinery in the Northeast was looking at options to dispose of 10,000 bbls of high
strength, high pH caustic wastewater that had been stored in one of its tanks. The
wastewater had very high phenol levels (14,000 mg/L), and did not allow for processing
through the activated sludge system due to biological toxicity issues.
Off-site, hazardous waste treatment options were available, but would have cost over
$600,000. A less expensive, temporary, non-capital and on-site treatment approach
that would eliminate the phenols and allow for processing through the activated sludge
system was evaluated and implemented at this facility.
Earlier in the year, the refinery had a major activated sludge system upset caused
by high chemical oxygen demand (COD) loading that killed the nitrifying bacteria
and lowered the dissolved oxygen (DO) levels, which made it difficult to recover and
achieve required ammonia removal. USP Technologies (USP) successfully solved this
problem using hydrogen peroxide for sulfide oxidation and supplemental DO, which
helped the activated sludge system recover and created an environment that allowed
the nitrifying bacteria to reestablish. Having successfully solved this problem, USP was
asked to look at the high-strength, high pH caustic water in order to determine if it
could be treated on-site and processed through the activated sludge system in a safe
and economic manner.

USP Technologies Turn-Key
Fenton’s Reagent System

Technology Selection
Phenols are easily oxidized using advanced oxidation
chemistry, which has been used for decades in order to break
down organics. Many metals have special oxygen transfer
properties, which improve the utility of hydrogen peroxide. In
aqueous solutions, hydrogen peroxide will react with trace
amounts of iron to generate the highly reactive hydroxyl
radical (OH*). This process is known as Fenton’s Reagent and
the chemistry is as shown:
Fe2+ + H2O2 → Fe3+ + OH- + -OH
Fe3+ + H2O2 → Fe2+ + •OOH + H+
The hydroxyl radical is one of the most potent oxidizers known
(oxidation potential = 2.7 mV), and upon formation, readily
initiates the oxidation of organic compounds via free radical
mechanisms. The objective in this case is the oxidation of total

phenolics in order to reduce the toxicity of the wastewater
allowing for on-site processing through the activated sludge
process. Fenton’s Reagent treatment is typically carried out
in acidic solution, with an optimal pH range of 2.5 – 5.5.
Fenton’s Reagent can also be performed at neutral pH using
different catalysts.
USP performed bench scale testing on and off-site in order
to determine if Fenton’s Reagent chemistry could achieve the
elimination of phenols and what the cost would be to perform
this treatment on-site. The untreated wastewater had the
following water quality characteristics:
Initial COD: 26,790 mg/L
pH: 12.6
Initial Total Phenolics: 14,000 mg/L
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Table 1 summarizes the data from lab testing performed on-site
as part of the final treatability tests:

• Equipment installation and maintenance services during 		
the project

Table 1. Fenton’s Reagent Treatment Results

• On-site personnel to operate the process and treat the 		
wastewater
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• Remote monitoring and product inventory management
• Applications services, including dose rate optimization 		
and process hazard analysis (PHA) support, management
of change (MOC) review, process safety management 		
(PSM) review and safety training

Solution

The lab treatability testing clearly demonstrated that COD
could be reduced by 47-66% and total phenolics by 99.9%.
After achieving repeatable results in the lab, USP provided the
refinery with a turn-key proposal for on-site treatment of this
particular wastewater.

USP mobilized and installed the equipment set-up for the
daily batch treatment of the high strength wastewater.
USP personnel processed the batches daily and confirmed
phenol levels were below the stated refinery target of 100
mg/L before raising the pH above 7 to discharge to the
refinery EQ tank that feeds the activated sludge process.

USP’s Turn-key Program

Wastewater batches were processed by USP over a
three month period, and the turn-key treatment cost was
$300,000. This resulted in hard-cost savings to the refinery
of over $300,000 versus off-site disposal.

The refinery contracted with USP to provide a turn-key
treatment scope that included:
• 27% Refinery Grade hydrogen peroxide (H2O2)
• 38-40% ferric chloride (FeCl )
3

• 93% sulfuric acid (H2SO4)
• 50% sodium hydroxide (NaOH)

The wastewater was treated in a safe and environmentally
friendly manner, which allowed the refinery to process it
through the activated sludge process without any
negative effect on biology. On-site treatment also allowed
the refinery to save a significant amount of money versus
off-site disposal.

• Engineered storage and dosing equipment systems
• Reaction vessel and associated mixing, piping and
scrubbing set-up
• Carbon absorber to capture fugitive emissions and purge
reactor headspace gas
• Process monitoring and safety instrumentation

About USP Technologies
USP Technologies is the leading supplier of peroxygen-based technologies and services for environmental applications. We have been
serving the water, wastewater and remediation markets for over 20 years and have offices and field service locations throughout North
America. Our consultative approach to problem solving includes application assessment, technology selection and development of a tailored
treatment approach. Our full service programs successfully integrate storage and dosing equipment systems, chemical supply, inventory and
logistics management, and ongoing field and technical support. This approach provides cost-effective, “hands-off” solutions to our customers.
USP Technologies also can provide access to experienced application partners for a turn-key program encompassing engineering, site
characterization and technology selection, program implementation, execution and report generation.
Getting Started
We look forward to supporting your treatment needs, whatever the scale of your requirements. To obtain a streamlined treatment solution tailored
to your specific project, give us a call at (877) 346-4262.
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