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Abstract [ Objective] High hardness and elevated suspended solids are widely present in circulating cooling water and blowdown
wastewater of oil and gas pipeline systems. Conventional chemical softening processes suffer from high chemical consumption, large
sludge production, and complex operation and management, highlighting the urgent need for efficient, stable, and adaptable treatment
technologies. This paper focuses on a circulating granulation fluidized bed process and systematically evaluates its performance and
engineering application potential for softening and turbidity removal of circulating water blowdown in oil and gas pipeline systems.

[ Methods|] A pilot-scale system integrating a chemical crystallization fluidized bed and an agglomeration granulation fluidized bed
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was employed to treat typical high-hardness circulating water blowdown under continuous operation. Key operating parameters,
including superficial upflow velocity, chemical dosage, configuration of reaction and separation zones, and overall process flow, were
systematically regulated. The effects of these parameters on hardness ion removal, particle formation and stable growth, suspended
solids removal, and system operational stability were investigated. Based on the experimental result, process parameters were optimized
to establish an optimal treatment pathway suitable for the specific water quality characteristics of oil and gas pipeline systems.
[Results] The system operated stably under conditions of high magnesium ion concentration and variable turbidity. The total
hardness removal efficiency exceeded 82% , while Ca> and Mg™* removal efficiencies reached 87% and 71% , respectively, the effluent
turbidity remained below 3 NTU. The system exhibited stable treatment performance during continuous operation and showed strong
adaptability to variations in influent quality and flow rate. In addition, the overall treatment cost was no higher than 1.371 yuan/m’,
indicating favorable economic feasibility. [ Conclusion]  The circulating granulation fluidized bed system achieves efficient softening
and turbidity removal for circulating water blowdown, featuring high treatment efficiency, a simple process flow, compact footprint, and
low sludge production. It provides a valuable technical reference for short-process, integrated, and high-efficiency treatment of
circulating water in oil and gas pipeline systems.
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Tab. 1 Parameters of Raw Water Quality

Eiza HfH
pH fE 7~8
HCO3/ (mmol - L") 4.5~8.0
CO?/( mmol - L") 0
SR/ (mmol - L7 3.5~8.8
Ca®*/(mmol - L") 1.8~5.1
Mg?*/(mmol - L") 1.7~3.7
VP E/NTU 10~70

1.2 il RS

IR R G W E 1 R, Hd ik 2z 45 ik
JREAR d, = 600 mm, %5 Al 15 ki i 46 R B2 d,
800 mm , RGALFI/KE R 15~20 m’/h,
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Fig. 1  Pilot-Scale Test System
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Tab.2  Analytical Methods and Instruments for Water
Quality Parameters
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Fig.2 Reagent Control Test of Chemical Crystallization Fluidized Bed
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Tab.3 Dosage Ratios of PAC, PAM, and NaOH

A PAC/(mg-L™')  PAM/(mg-L™')  NaOH/(mg-L7")
1 15.0 1.2 373
2 8.6 0.9 440
3 0 0.9 499
4 0 1.1 419
5 0 1.2 434
6 0 1.0 434
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Fig.3 Results of Turbidity Removal Test
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Fig.4 Upflow Load Control Test
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Fig.5 Continuous Stable Operation
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Tab.4 Power Consumption Accounting of the System
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