
U.P.B. Sci. Bull., Series B, Vol. 80, Iss. 3, 2018                                                      ISSN 1454-2331 

ASSESSMENT OF SCALING PROPERTIES FOR TREATING 

OILY WASTERWATER 

Tao YU1, 2, Daidi FAN1*, Chengtun QU2*, Huan ZHANG2,  

Renjun XU3 

In this paper, the SY/T 5523-2006 standard used in the field was analyzing 

the characteristic of water quality in produced water system of Hengshan 

production plant. The static simulation method was used to analyze the scaling 

properties of different layers produced water mixed. The results showed that the 

produced water in Chang 2, Chang 6 of Hengshan Oil Production belonged to the 

high-salinity water. The fouling mass was above 300 mg/L and the calcium loss rate 

was more than 10%, when the blending ratio of Chang 2 and Chang 6 was greater 

than 1:0.7 and the calcium loss rate is less than 1% when the mixed proportion of 

Chang 2 and Chang 6 ranges from 1:4 to 1:10, so the loss of the long 2 proportion 

could lead to the scale quantity reduced.  
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1. Introduction 

At present, oil and gas fields commonly use waterflooding when oilfield 

enters into mature development state[1-3]. The water-flooding system is the best 

way to oil field produced when wastewater is treated under the current situation of 

serious shortage of water resources. The way not only solves the problem of water 

shortages and eliminates oil water drainage problems to cause the environmental 

problem [4]. The treatment of oilfield produced water is the key role of the 

waterflooding production in the process of oilfield water injection. As known 

from extensive production experience, scaling is a destructive problem in the 

process of oilfield water injection [5-7], which can cause the clogging in ground 

water injection equipments and well-shafts and the damage of stratum in that the 

incompatibility of water quality and combination with the thermodynamic 

instability and chemical incompatibility of water [1, 8, 9]. 

In recent years, there is more research on the issue of scale formation and 
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antiscale for oilfield produced water development in our country. The scaling 

mechanism and rule of the mixed injection processing have a deep exploration 

and application, whether if oilfield produced water is on the sea or on land [10-

12]. The study of oilfield water scaling mechanism is agreed that the mixture of 

different water quality of water or the change of working condition (such as 

pressure, temperature, pH, etc.) lead to the instability of supersaturated salt in the 

water or stable state temporarily, in the moment of which the ion concentration is 

greater than the solubility product, and then part of supersaturated salt will be 

separated out to become scale.  

To explore the effect of temperature, pH and pressure on scaling, static 

experiment, dynamic simulation and computational identification are often used 

for the research on the scaling [13, 14]. Static simulation test method, called the 

“bottle test”, will mix the different water samples in different volume ratio, adjust 

to a certain temperature and then calculate the quantity of deposition scaling by 

weighing method after stewing for several hours. Static simulation test approach 

is commonly used, the advantage of which is simple and can be tested easily. In 

the study, according to standards of oil industry, we analyze the characteristics of 

produced water system from Hengshan oilfield production. The static simulation 

method applied analyzes the scaling properties of mixing different the produced 

water. The scaling tendency of multi-layer water mixture is predicted by ion 

activity product, and the influence of the scaling properties on two-layer water 

mixture is explored different mixing proportion and time. To gain the optimum of 

mixing conditions, their compatibilities are also study.  

2. Experimental Section 

2.1 Water samples  

Water samples (Chang2, Chang6) was collected from the worksite of 

Hengshan oilfield production, but the sample collection work must be in strict 

accordance with the relevant requirement of "the method of oil and gas field water 

analysis" of SYT5523-2006 to operate. The water sample was taken back to 

preprocess for the subsequent laboratory work.  

2.2 Measurement of ions content (EDTA Volume Method) 

All chemical reagents were of analytical grade. The content of calcium ion 

was measured by using calcium carboxylic acid as indicator and the standard of 

EDTA [15]. The content of calcium ion was determined by the following 

equation:  

 

   The content of calcium ion (mol/L) =  
EDTA EDTA 40 1000C V

V

  
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Where CEDTA (mol/L) was the concentration of EDTA standard solution 

(mol/L), VEDTA (mL) was the volume of consumed EDTA titrating Ca2+ and V 

(mL) was the volume of water sample when Ca2+ was titrated.  

The content of sulfate ion was also measured by using calcium carboxylic 

acid as indicator and the standard of EDTA titration. The content of sulfate ion 

was determined by the following equation:  

The content of sulfate ion (mol/L) =  
1000

96EDTA1 


V

CV

 

            V1=V0+V2-VEDTA 

                 

Where CEDTA (mol/L) was the concentration of EDTA standard solution 

(mol/L), V0 (mL) was the volume of EDTA consumed distilled water, V1 (mL) 

was the volume of EDTA consumed sulfate ion of sample water, V2 (mL) was the 

volume of EDTA consumed sample water and V (mL) was the volume of water 

sample.  

2.3 Measurement of scaling amount 

Water sample, stored in an airtight container within the prescribed 

temperature constant temperature for 30 minutes using static simulation method, 

was determined scaling ionic content. The scaling amount was calculated by the 

content changes of scale.  

2.4 Trend prediction of the mixed water scaling 

The scaling tendency of mixing water was predicted by using ion activity 

product, which was based on the analysis of all ion concentration from water 

sample. Solubility product constant was compared with calculating ion activity 

product under the same temperature for the sample. If the calculation result of ion 

activity product was greater than that of the solubility product constant, the 

compounds could form precipitation, but on the contrary, it did not lead to 

precipitation. Forming precipitation will be easy to scale in the form of the 

following reaction: 

Ca2+ + CO32- → CaCO3 ↓ 

If Ca2+ + CO32- → CaCO3 ↓ 
 

When K (CaCO3) > Ksp (CaCO3), CaCO3 will form precipitation; 

When K (CaCO3) = Ksp (CaCO3), CaCO3 will keep the balance state; 

When K (CaCO3) < Ksp (CaCO3), CaCO3 precipitation will not be formed, and 

it is in a stable state. 
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2.5 Compatibility of formation water and water treated scaling  

After mixed formation water and water treated scaling, some problems 

would be taken into consideration, especially scaling usually resulted in some 

consequences in oil production system, such as formation damage, pipe plug, 

corrosion, and even affect the oilfield production. So the compatibility of the 

formation water in Hengshan Oil Field and the sensitivity of oil reservoir with the 

treatment water were researched. The formation water and the treatment water 

were mixed in different proportions. The constant temperature at 30oC was 

stewed 72 hours. Then the amount of scale was measured according to the 

changes of different proportions mixing the formation water and the treatment 

water under the constant temperature.  

2.6 X-Ray diffraction (XRD) 

X-Ray diffraction was commonly used as the study of the structure [16-

18]. The structure of Scale sample was characterized by XRD, and the analysis of 

XRD will indicate the composition of samples.  

3. Results and Discussion 

The influence of the mixed water scaling characteristics was researched by 

mixed ratio, stock-still time and the compatibility of the formation water and the 

treatment water. To improve the scaling removal, flocculation was taken into 

consideration in the mixed Chang2 and Chang6. 

3.1 Effect of blending ratio on scaling performance of mixed Chang2 

and Chang6 wastewater 

Water sample of Chang2 layer and Chang6 layer from Hengshan oilfield 

was concocted by a certain proportion, simulating formation temperature and 

stewing 72hours at 30oC. Then scaling process was observed and amount of 

scaling was measured. As shown in Fig.1A, Chang2 water samples contained a lot 

of sulfate ion and calcium ion, which easily leaded to scaling formation when 

Chang2 and Chang6 water sample was mixed in a certain proportion. But when 

proportion of Chang2 in the mixed water sample was decreased, amount of 

scaling was reduced gradually. These indicated that scaling ion was SO42- which 

was concentrated on Chang2 sample water. So sulfate ion was reduced 

accordingly, when the proportion of Chang2 water sample was decreased, but 

calcium ion was far too exceeded.   

Fig.1B showed that when the proportion of Chang2 and Chang6 water 

sample mixed was greater than 4:6, amount of scaling was more than 3100mg/L, 

but the proportion of Chang2 was lower than 2:8, amount of scaling was reduced 
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and calcium’s losing rate was less than 1%. Therefore, the low proportion of 

Chang2 would be studied further. 

 
(A) 

 
(B) 

Fig.1 Effect of scaling performance on different proportions mixing Chang2 and Chang6 

water sample 

3.2 Effect of stewing time on the scaling properties 

To prevent scaling and leading blockage of bottom from mixing water 

under the ground, descaling was proceeded on ground to the greatest extent. So 

stewing time was taken into consideration. The low proportion of Chang2 mixing 

water was standing 0h, 4h, 8h, 12h, 24h respectively, and the amount of scaling 

was measured.  
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Fig.2 indicated that the amount of scaling was increasing when standing 

time was more for the low proportion of Chang2 mixing water. When standing 

time was more than 8h, amount of scaling had no significant increase. Hence, the 

scaling reaction of the mixing water was as balanced as possible, standing time at 

least was required 8h.  

 
Fig.2 Effect of stewing time on scaling 

 

 

After the scaling reaction of the mixing water finished, the water treatment 

was adjusted pH to slightly alkaline, flocculated and filtrated by quartz sand. Then 

the water treatment was standing 72h at 30℃, detecting the amount of scaling so 

that the removal effect of scaling reaction and flocculation was observed. The 

residuals of the mixing water could scale again. The results were demonstrated in 

Fig.3 that for the mixing water of proportional Chang2, the tendency of second 

scaling was weaken by flocculation when increasing the reaction time. The 

amount of scaling in the mixing water could be very little by flocculation when 

standing time was more than 8h. The result indicated that the scaling reaction in 

the water was achieved the balance after 8h standing. 
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Fig.3 Effect of stewing time on scaling through flocculation 

3.3 Compatibility of formation water and water treated scaling 

After Chang2 flocculated, the low proportion of Chang2 (Chang2: Chang6 

was 1:4 and 1:5) was mixed with Chang6 in different proportions. The water 

treated and formation water was reconstituted for stewing with 72h at 30℃ and 

measured the amount of scaling. So the scaling tendency of the treated water and 

formation water mixed was to determine the compatibility of formation water and 

water treated scaling.  

The result shown in Fig.4, the low proportion of Chang2 mixed water 

through flocculation was added into Chang6 to form the slightly scaling 

properties.  

 
Fig.4 Compatibility of formation water and water treated scaling 
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And the higher scaling amount was less than 40mg/L. So the low 

proportion of the Chang2 mixed water by flocculation, reinjected into Chang6 

layer, not plugged the layer. Therefore, the low proportion of Chang2 mixed water 

by flocculation could play a critical role in reinjection to the Chang6 layer. 

3.4 X-Ray diffraction (XRD) 

The scaling sample corrected from Chang2 and Chang6 mixed water was 

stoved, applying XRD to analyse the composition. The results shown in Fig.5 was 

analyzed that the composition of scaling sample was mainly a mixture of two 

components: 99.26% CaSO4·2H2O and 0.74%CaSO4·0.5H2O. Hence, the results 

indicated that the mixed water contained high leves of sulfate scale.  

 
Fig.5 XRD pattern of mixed water sample 

4. Conclusions 

 (1) The performance study of the scaling process in the proportion of 

Chang2 and Chang6 mixed water can be gained by the selection of blending ratio, 

stewing time and flocculation with respect to Hengshan oilfield.  

 (2) The low proportion of Chang2 mixed water by flocculation is mixed 

with Chang6 layer-water, found that there is a good compatibility and Chang2 

treated water may be reinjected to Chang6 layer. 

 (3) XRD analysis indicates that the scaling sample of Chang2 and Chang6 

mixed water is high levels of sulfate scale, which are mainly CaSO4. 

 



Assessment of scaling properties for treating oily wasterwater                        145 

Acknowledgements 

This work was supported by the National Natural Science Foundation of 

China (Grant No. 21376189) and Special Scientific Research Project Foundation 

of the Science and Technology Department of Shaanxi Province (Grant No. 

14JS087). 

 

 

R E F E R E N C E S 

 
[1]. Y. L. Juanhua Dang, Research progress on scaling inhibitor of oilfiled wastewater.  Paint 

coating and electroplating, 3, 27-30 (2005). 

[2]. G. D. S. H. O. K. A. R., A microvisual study of solution-gas-drive mechanism sin viscous oils. 

Journal of Petroleum Science and Engineering, 46, 101-109 (2005). 

[3]. G. Sabia, M. Ferraris, A. Spagni, Environ Sci Pollut Res 23 (2016) 1598-1609. 

[4]. L. Lei.,New technology on wastewater reuse and engineering design. Beijing, Chemical 

Industry Press, 64-65 (2002). 

[5]. X. Q. Baihong Liu, Microseismic monitoring technology and its application in oil field. 

Progress in Exploration Geophysics, 28, 325-329 (2005). 

[6]. Q. Z. Chaofeng Bian, Study on Compatibility of Injected Water with Reservoir in Oilfield. 

Chemistry & Bioengineering, 7, 48-50, (2006). 

[7]. SONG Shao-Fu, LIU Ju-Rong. Investigation of Scale Formation in Mixed Water from Chang-

2 and Chang-6 Oil Reservoir in Yanchang Oilfield. Oilfield Chemistry, 2010, 27(04): 446-

448. 

[8]. L. Y. GUO Shuhai, HU Jinxuan, LI Fengmei, LI Gang, A study on corrosion-scale inhibitors 

of the sewage injection system in oilfield. Journal of Liaoning Technical University 

(Natural Science), 28, 641-644 (2009). 

[9]. Y. Q.-f. LIU Dong- liang, SU Hao, Inhibition of CaSO4 of Various Inhibitors with Partial 

Permeate Withdrawal Method. Environmental Scienve & Technology, 31, 82-85 (2008). 

[10]. J. HongYu, Formation scaling mechanism and the related formation demage of waterflooding 

oil fields. ACTA PETROLEI SINICA, 22, 58-62 (2001). 

[11]. L Chen, C Xiao, X Luo, et al., Study on biological degradation and transform characteristics 

of different components in petroleum hydrocarbon used by bacterial consortium. Environ. 

Earth. Sci., 75, 816-824 (2016). 

[12]. LIU Si-yu, QU Cheng-tun, WANG Jun-di, et al., The Scale in Oilfield Produced Water and 

Theoretical Research of Compatibility Experiments. Guangzhou Chemical Industry, 2014, 

42(14): 46-48. 

[13]. YE Chun-song, CHEN Cheng, ZHOU Wei, Progress of the treatment technology of oilfield 

wastewater. Modern Chemical Industry, 2015, 35(03): 55-58. 

[14]. S. Z. Wang Rui, Theoretical ananlysis and expenrimental research on the charateristics of 

calcium carbonate deposition in dynamic and static research system. Technology of water 

treatment (2000). 

[15]. C. L. D. Lestan, X. Li., The use of chelating agents in the remediation of metal-contaminated 

soils: a review. Environ. Pollut., 153, 3-13(2008). 

[16]. X. H. Hao Yanpeng, Degradation Behavior of Stator Insulation for Large Generators Using 

X-Ray Diffraction Method. Transactions of China electrotechnical society, 22,16-21 (2007). 



146                          Tao Yu, Daidi Fan, Chengtun Qu, Huan Zhang, Renjun Xu 

[17]. W. L. Jiang XIaoguang, Chu Gang,et.al., Phase Composition Analysis of Calcined Dolomite 

by X-ray Diffraction (XRD). Chinese Journal of Inorganic Analytical Chemistry 2 (2012) 

31-33. 

[18]. L. X.-c. PANG Xiao-li, XUE Yong, JIANG Xiang-feng, JIANG Chao-hua, Application of 

Powder X-ray Diffraction in Petrology and M ineralogy. Rock and Mineral Analysis 28 

(2009) 452-456. 

 

 


