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1. Sulfate Reductive Bacteria
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Micro filter Ultra filter membrane
PPF 0-5 H20 S2000 Type
polypropylene polypropylene Material
Spun fiber hollow fiber Shape
2-8.3*20 4*40 Size (in)
- 16 Area('m)
Water Safe Hydro One  Manufacturer
0.45 0.1-0.01 Pore (1)
size
3 30000 - MWCO
50000 (Dalton)
Outtoin Outtoin .FIOW
direction
Flow rate
42 > 333> (L/min)
Pressure
2> 1-6 (bar)
OC)
4-62 4-40 Temperature
(
- 1-14 pH range
_ 50 Inpqt particle
size (L)
Allowed
- 20 turbidity
(NTU)

Tablel. Properties of the tested membranes
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Hybrid Membrane Pilot-Scale Plant for Oilfield-Produced Wastewater Treatment
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Fig. 1. P&ID figure of study pilot
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Flow rate 42 LPM
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Flow rate 32 LPM

™ Qutlet Inlet TMP OQutlet Inlet Time
P pressu  pressur  (psi)  pressur  pressur  (min)
(psi) re e e (psi)  (psi) e
(psi) (psi)
12 20 32 9 1 ) 10 0
12 20 32 9 1 10 30
12 20 32 1 10 60
13 20 33 9.5 1 105 90
13 20 33 10 1 11 120
14 20 34 10 1 11 150

Table 2. Quality of the pilot feed

O ol 2k 5 ,Sole 53 Oles a4 s L2 s TMP Y s

2 1 Feed
59.85 72.34 Particle size (L)
26 42 Oil and grease (ppm)
29800 31100 Sodium (ppm)
0.2 0.15 Iron (ppm)

1.8 15 Strontium (ppm)
5.2 4.9 Barium (ppm)
2431 3061 Magnesium (ppm)

12100 11650 Calcium (ppm)
530 680 COD (ppm)
170 188 TOC (ppm)
564 550 Sulfate (ppm)
7.9 7.2 Sulfide (ppm)

235 300 Alkalinity (ppm)
105 170 TSS (ppm)

129134 128720 TDS (ppm)
24 40 Turbidity (NTU)
6.3 6.4 pH

Table 3. TMP and pressure versus time in microfiltration
03 dad sdalis J§..: Q—l‘ 3 &S 4.}_,§QLQ.A
oYY L/min o> & cod TMP 200331 £ L/min s

el il 53 58 SRl e 5 al e BLEL 555 Cela

psi HLis Cleg YVor L oagdwas 5l 5o £ Limin s s

1. Trans Membrane Pressure
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0 30

60 30
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120
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Fig. 2. Removal percentage of oil and greases versus time in

microfiltration

@_.Gj)) d“"“ JUA Ol Loy Q‘_)mxs y) Jg.flv);

35 0 odalin &5 & S0ler ol ool Ol 4 o

Fig. 1. TMP variation versus time in microfiltration

Removal percentage
\
.
0

60
Time (min)

Ol it 5 SGle 55 Oloj 4y Sl 25 93 03 a2 Ok 5 Sl coiS L8 Jgdr

Particle size Oil and grease.  TSS TDS  Turbidity pH Time (min)

(1) (ppm) (ppm) . (ppm)  (NTU)

72.34 42 170 128720 40 6.4 97.93

3.9 3.7 18 126044 7.4 6.4 0
94.61 91.19 8941  2.07 81.50  Removal (%)

2.8 3.4 16 125830 6.8 6.4 30
96.13 91.90 90.59 225 83.00 Removal (%)

2.2 3.2 12 125499 5.5 6.3 60 Flow rate
96.96 92.38 9294 250 86.25 Removal (%) 32 L/min

1.5 3.1 10 125038 5.2 6.3 90
97.93 92.62 9412 2.86 87.00 Removal (%)

0.9 3 9 124784 5 6.3 120
98.76 92.86 9471  3.06 87.50 Removal (%)

6.1 4 22 127212 8.5 6.5 0
91.57 90.48 87.06 1.17 78.75 Removal (%)

4.75 3.9 18 126320 7.2 6.5 30
93.43 90.71 89.41 1.86 82.00 Removal (%)

2.9 3.7 16 125576 6 6.4 60 Flow rate
95.99 91.19 9059 244 85.00  Removal (%) 42 L/min
2.35 3.5 13 125510 5.9 6.4 90
96.75 91.67 9235 249 85.25 Removal (%)

1.5 3.4 10 125460 5.4 6.4 120
97.93 91.90 9412 253 86.50 Removal (%)

Table 4. Quality of feed and flux in two flow rates versus time of microfiltration.
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oot Ol e wdige agh —  ode alae

s et 0ol A3 51 53 Ol a4y S L2 5 5L28 c TMP O is 0 J s

Flow rate 16 L/min

Flow rate 32 L/min

Flow Inlet Outlet Flux

Flow Inlet Outlet

Time rate pressure pressure TMP (LM rate pressure pressure T™P Flux
min . . Si . . Si LMH
Um  (ps) ) ) W) wm ) sy P) (MH)
0 16 20 3 17 60 35 50 10 40 120
30 16 20 3 17 60 35 50 10 40 120
60 16 20 3 17 60 35 50 10 40 120
90 16 20.5 3 175 60 35 50.5 10 40.5 120
120 16 21 3 18 60 35 51 10 41 120
2 minutes forward flushing
122 16 20 3 17 60 35 50 10 40 120
150 16 20 3 17 60 35 50 10 40 120
180 16 21 3 18 60 35 51 10 41 120
210 16 21 3 18 60 35 51 10 41 120
240 16 21 3 18 60 34 51 10 41 116.25
2 minutes forward flushing
242 16 20 3 17 60 35 50 10 40 120

Table 5. TMP, pressure and inlet flux versus time in indirect ultrafiltration

o O Al s ey 4 o L 5 TMP ol i 8 S

415 130
41
105 ¢ * * * * @120
g T -
=
=
' 305 110 =
185 70 =z
2
=
18
175 @ L ] [ ] [ ] L 60
17
165 50
0 30 60 90 120 150 180 210 240
Time (min)
——TMPQ= 16LPM  —h—TMP Q=32 LPM » Q=32 L:Flow ® 0-16/ :Flow

Fig. 4. TMP and flow variation versus time at indirect
filtration
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Fig. 5. Oil and greases removal percentage versus time at
indirect ultrafiltration
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Fig. 3. Particle size removal percentage versus time in

microfiltration
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Fig. 6. Particle size variation versus time at indirect ultrafiltration

@bl e 5 el g lanl po L (g 4y 58 Y-
] ol Sl b bl el 51 5 3k e 1
Gy 3585 Ol 5 ol (Il ol el of Lokl
o kol Olas b bailesl OLL 51 e s (g Sesll
S 3l 9 el )\J.i.? ML:JJ.:A; uT L u:"iL“JT ) ol g

ol sal Lzl ol s Glesl glaesls (V) Jsa

@&\zﬁg»\}gbﬁ%@):bﬁu&éﬂw;ﬂjg

dond 5 e Ol s Sy S (V) Jdsasr o
53 e o O gl 23 | Al Al 850 Ol a4y o S
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3 95 s ekibe 3L lyd oIl ol sl i 518 ()
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53 Sld Gl do s (V) s s 53 el oKies gakons
Aoy Ol s skal 23 35 L3 5 aass WY e
sl oS dlie 1,3 o S5 sl elul Ly G

L St ses (5557805 il SRB. iule3l amet ol o

(23,5 ol A1 LPH L s VULPM 5 s ba sl PR
s o Ol Al 55 Olas 4 Cd B o3y s 2 Ol (ST N i
Particle  Oil & greases Fe TSS TDS Turbidity H Time  Flow rate
(W) size (ppm) (ppm)  (ppm) (ppm) (NTU) P (min)  (L/min)
6.1 35 0.07 15 125875 6.5 6.4 Inlet feed
0.05 2.4 0.05 7 122344 2.7 6.1 g
99.18 31.42 28.57  53.33 2.80 58.46 Removal (%)
0.05 1.8 0.05 5 115630 2.3 6.1 20
99.18 48.57 28.75  66.66 8.13 64.61 Removal (%)
0.05 1 0.05 3 108816 1.7 6 16
99.18 71.43 28,57  80.00 13.55 73.85 Removal (%) 60 L/min
0.05 0.7 0.05 3 106000 0.9 6
99.18 8000 2857 8000  19.76 86.15 Removal (%) 0
0.05 0.3 0.05 2 101000 0.5 6 120
99.18 91.43 28.57  86.67 21.54 92.31 Removal (%)
0.05 25 0.05 8 123564 3.6 6.2
99.18 YA/OV 28.57  46.66 1.83 44.61 Removal (%) 0
0.05 2.1 0.05 7 118743 2.3 6.2 30
99.18 40.00 28.57  53.33 5.67 64.61 Removal (%)
0.05 15 0.05 6 112556 2 6.1 60 32
99.18 57.14 28.57  60.00 10.58 69.23 Removal (%) L/min
0.05 1.1 0.05 5 111034 1.1 6.1 9%
99.18 68.57 28.57  66.66 11.79 83.07 Removal (%)
0.05 0.5 0.05 3 108064 0.6 6.1 120
99.18 85.71 28.57 80.00 14.15 90.77 Removal (%)

Table 6. Feed, and removal percentage versus time at indirect ultrafiltration
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Membrane

Percolation Flow Flow rate Outlet pressure Inlet pressure .
(LM2H bar)  (LMH) (Ar;‘i;‘ (LPH)  TMP (ban) (bar) (bar) Time
57.14 60 16 960 1.05 0.05 11 Beginning
55.04 60 16 960 1.09 0.07 1.16 End
Table 7. Diffusivity test data using clean water at the beginning and end of the pilot study
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Practical Membrane Wastewater
Research results Researchers
parameters type type
Feed concentration .
0, .
Removal (%) (WT%) Characteristic Pressurg ..1bar ME Khalgiran gas Yeganeh et al.
Oil & greases Velocity : 1 0.22 refinery 2008
08 5 MPS e
(ppm)
Outlet .
. Inlet concentration ~ Component Pressure : 15 bar Rekabdaran et
concentration - MF
Ol & greases Velocity : 1.25 02 API effluent al.
2.9 99 MPS ' 2008
(ppm)
0.2 uMF effluent UF effluent Characteristic i
H - MF, UF  desalination cakmakei etal
871 710 Outlet COD 2007
Outlet . Inlet concentration Characteristic
concentration
Oil & greases
- <75 .
(ppm) - Qiao dal.
>06 1.8 (Ppm)TSS - UF desalination 2007
- 1.845 Particle size(l)
Turbidity
0.% 2-4 (NTU)
Removal Characteristic
percentage L Burnett
99 Turbidity (NTU)
Removal Inlet concentration Characteristic
percentage
Oil & greases _— Beech
94.31-47.32 42.5-192.8 (bpm) - 3types UF desalination 2006
Turbidity
95.75 -99.87 252.3 -1000 (NTU)
Removal UF MF . .
(%) effluent effluent influent Characteristic
9881 05 34 < 26-4p Ol &greases
(ppm)
97.06 5 10 105-170 (ppm)TSS Indirect Current stud
99 92 005 15 59.85 - Particle ultrafiltration MF, UF  desalination results y
) ) ' 72.34 size((W) Aow : 2 LPM
Turbidity
98.53 0.6 5.4 24 - 40 (NTU)
Membrane recovery at the end of the process : 96.32
%
Table 8. Comparison with previous studies
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Abstract:
The rapid boost of wastewater volumes produced in the world is opening a new market for membranes,
which have a significant potential to take the role as the main technology for these applications. today, an
increasing number of wastewater treatment facilities are using membrane technologies, and this number is
growing year by year. Membranes processes have high selectivity values required to achieve high water and
wastewater quality standards, are more cost-effective than other conventional processes, require less area,
and can replace several unit treatment processes with a single one.
In the past years, microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO)
membranes, as well as membrane bioreactors (MBRs), have been increasingly implemented in water and
wastewater treatment processes such as groundwater, desalination®of brackish water and seawater, and
decontamination of wastewater of diverse nature and sources, e.g., including urban wastewater, coking,
carwash, nuclear power, power engineering, steel industry, textile and tannery, pulp and paper,
pharmaceutical, and agro-food industries, such as dairy, beverage, winery, tomato and olive oil, among
others. Other membrane processes, such as electrodialysis (ED), membrane distillation (MD) and forward
osmosis (FO) are also being explored.
Produced water is the largest waste stream generated in oil and gas industries. It is a mixture of many organic
and inorganic compounds. Because of the increasing volume of waste all over the world in the recent decade,
the outcome and effect of discharging produced water on the environment has lately become a significant
issue of environmental concern. Produced water is conventionally treated through different physical,
chemical, and biological methods. In offshore platforms because of space constraints, compact physical and
chemical systems are used. However, current technologies cannot remove small-suspended oil particles and
dissolved elements. Besides, many chemical treatments, whose initial and/or running costs are high produce
hazardous sludge. As high salt concentration and variations of effective characteristics have direct influence
on the turbidity of the effluent, it-is appropriate to incorporate a physical treatment, e.g., membrane to refine
the final effluent. For these reasons, major research efforts in the future could focus on the optimization of
current technologies and use of combined physico-chemical and/or biological treatment of produced water in
order to comply with reuse and discharge limits.
The objective of this study was to evaluate the feasibility of treating desalting plant produced water to meet
the applicable flow ratelimits and injection to well standard consistently using single and hybrid membrane
processes to reduce the risk of clogging of the injection well. The treated effluents of two sand filtration
units from Aghajari maroon were used as feed. A Pilot scale hybrid membrane unit with a spun
polypropylene of 0.45 p pore size microfilter and a hollow fiber polypropylene of 0.1 to 0.01 p pore size
ultrafilter membrane were used in this study. Trials on different membrane fluxes were conducted for two
processes: microfiltration, and hybrid micro and ultrafiltration processes. Results show that flow rate of 32
LPM was more applicable. The optimal flux was 120 LMH. The average removal percentages of Turbidity,
Oil and grease, TSS and particle size were 98.53, 98.81, 98.23 and 99.93, respectively. The results showed
that the quality of the product consistently met the requirements for well injection. It is concluded that it is
feasible to treat the produced water using micro and ultra filters.

Keywords: Produced water, desalting plant, microfiltration, ultrafiltration, membrane filtration, hybrid
membrane processes, disposal well.
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