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Abstract

During the oil production process, oily waste water is coproduced at a rate several times that of oil. This water is known
as produced water. Treatment levels and technologies are selected based on disposal method or reutilization objectives,
environmental impacts, economics, and other such factors.

Polymer flooding is being used as an enhanced oil recovery (EOR) method in Oman. In polymer flooding, injection
water of increased viscosity reduces mobility difference between water and oil, thereby improving sweep and oil recovery.
The quality of polymer flood produced water (PFPW) is different from produced water (PW) without polymer, and various
techniques are being studied for the effective treatment of PFPW.

A 50 m3/day capacity pilot plant was designed, fabricated, and utilized to conduct produced water treatment trials.
Pilot treatment trials of produced water from three different oilfields in Oman were carried out by nitrogen microbubble
flotation in conjunction with coagulation/flocculation. Filtration and adsorption treatment processes were tested as well.
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1 Properties of Qilfield Produced Water
Samples

salinity CODMn CODCr TOC Oil Ca

% mg/L. mg/l. mgl mgl mglL
Site-1 042 23 81 369 28 40.0
Site-2 044 57 140 650 37 244
Site-3 0.70 72 69 39 10 116
Site4 0.76 65 41 19 3 100
Site-5 0.98 85 48 98 19 126
Site-6 1.07 96 98 72 17 136
Site-7 203 13 220 160 16 481
Site-8 259 34 300 170 15 579
Site9 156 18 1,300 24 41 11,000
Site-10 182 19 1,600 50 36 14,000
Site-11 234 57 1,500 770 18 17,000
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3 Pilot Plant Process Flow
1: Raw water tank (20m3), 2: Flocculation tank 1 (0.4m3), 3: Flocculation tank 2 (0.4m3), 4: Flotation tank (1.4m3), 5: Filtration
tower (0.4m3), 6: Adsorption tower (0.4m3), 7: Treated water tank (4m3), 8: PAC tank (200L), 9: Spare chemical tank (200L), 10:
Polymer tank (1m3), 11: PSA, 12: Microbubble pump, 13: Flotation rake, 14: Scum tank, 15: Scum dewatering press.
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2 Properties of Tested Qilfield Produced Waters

site A site B site C site D

salinity % 076 042 098 036
pH 7.60 798 757 749
conductivity S/m 1144 0.752 1563 0658
turbidity FTU 24 115 38 355
viscosity P 074 14
M alkalinity mg/L 550 850 415 1,040
Ss mg/L 54 68 21 190
CODMn mg/L 8 23 85 200
CODCr mg/L 33 81 48 190
Oil TD500**  mg/L 145 855 689 210
Oil nHex***  mg/L. 3 28 19 180
TPH**** mg/L 067 2020 1699
L BIEXHe _mgll ] e (v S 1 S
anion
a mg/l. 3760 1,980 7,230 1,468
NOs mg/L nd nd nd nd
PO? mg/L. nd nd nd nd
SOR o omgl ] W7 982862 . B
cation
Na* mg/L 2,820 1,800 3,700 1467
NH+ mg/L 811 135 190 26
K mg/L 46.1 559 865 27
Mg* mg/L 369 195 469 15
oGae o mgll 876 ......400.___ 126 .. 8B
Total N mg/L 13 78 39 83
Total P mg/L 0033 0050 0097 029
phenols mg/L nd 050 0016 0.045
B mg/L 49 44 6.0 42
F mg/L 26 25 26 20
Al mg/L nd nd 086 017

*not tested, **not detected, **measured by TD 500 (TURNER DESGNS, USA) extracted
in n hexane, **weight of n hexane extracts, *****total of TPH C6
9(NGCMS _1121), TPHC10 14 (NGCMC _1112), TPH C15 28 (NGCMC_1112), and
TPH C29 36 (NGCMC_1112), ******total of benzene (NGCMC_1121), toluene
(NGCMC_1121), methyl benzene (NGCMC_1121),0 ,p xylene (NGCMC_1121), and
m  xylene (NGCMC_1121).
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5 Coagulation Beaker Tests of Different PAC
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3 Properties of Site-A Water through

Each Stage of Treatment
RW* NF* AP ACH

salinity % 076 073 073 071
pH 760 752 797 782
conductivity ~ S/m 1144 1.060 1.092 1.065
turbidity FTU 2% 07 nd nd
Malkalinity ~ mg/L 550 500 500 500
Ss mg/L 54 9 nd 1
CODwmn mg/L 8 57 53 nd
CODcx mg/L 3 28 24 10
OiLTD500  mg/L 145 06 01 nd
Oil_nHex mg/L 3 nd nd nd
TPH mg/L. 067 nd nd nd
BTEX _____..mgl. ______ nd______] nd _____. nd______1 nd ____
anion

a mg/l. 3760 3240 3300 339

NOs mg/L nd nd nd nd

PO? mg/L nd nd nd nd

_____ O2 .omgl 35734 38 BT ...

cation

Na mg/l. 280 2560 2590 2650

NH# mg/L 811 735 726 746

K mg/L 46.1 428 429 437

Mg* mg/L 369 338 343 350

G mgll 876 ... 625 . .. B8 . 779....

Fe mg/L. nd nd nd nd
Mn mg/L 020 003 017 019
Si mg/L 119 72 68 67
B mg/L 49 47 46 46
F mg/L 26 19 15 16
Li mg/L 0.16 0.16 015 015
Al mg/L nd 19 017 019

*raw water, **after nitrogen flotation, ***after anthracite filtration,
***after activated carbon adsorption
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7 Pilot Plant Trial Rresults of Site-A
Qilfield Produced Water

4 Sulfur Compounds in tested Oilfield
Produced Waters

site-A  siteB site-C
methyl sulfaite nd nd nd
methyl disulfaite nd nd nd
methyl mercaptan ~ nd 0.025 0.038
sulfide nd 12 15




5 Properties Site-B Water through Each

Stage of Treatment
RW NFE AR* AF AC

salinity % 042 044 045 044 045
pH 798 627 737 749 812
turbidity ~ FTU 115 790 730 60 nd
SS mg/L 68 16 31 11 nd
CODwin mg/L 23 1 99 81 11
CODcx mg/L 81 34 37 2 nd
Oil TD500 mgL 855 38 33 09 nd
Oil nHex mgL 28 51 20 nd nd
TPH mg/L 202 245 nd nd nd
BTEX mg/L. 0.788 0977 nd nd nd
Fe mg/L 0.34 035 nd nd nd
Al mgL  nd 29 42 14 nd
MS# mg/L 0.076 0030 nd nd nd
MDS** mg/L nd nd nd nd nd
MMC**  mg/L 025 0053 nd nd nd
sulfide mg/L. 12 75 nd nd nd

*after aerated treatment, **methyl sulfide, **methyl disulfide, ***methyl

mercaptan
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8 Pilot Plant Trial Results of Site-
Oilfield Produced Water. a) turbidity, oil,

SS and CODwn, b) sulfur compounds
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6 Properties Site-C Water through Each

Stage of Treatment
RW NF AR AF AC
salinity % 098 098 096 096 095
pH 757 734 783 783 822
turbidity ~ FTU 380 364 520 72 nd
SS mg/L 21 14 5 18 nd
CODwn mg/L 9 5 41 35 nd
CODc mg/L 48 32 28 2 38
OiLTD500 mg/L 689 29 10 05 nd
OilnHex mgL 19 29 nd nd nd
TPH mg/L 169 0055 nd nd nd
BTEX mg/L 0422 0026 nd nd nd
Fe mg/L 0.38 0.04 0.04 0.04 0.05
Al mg/L 0.86 18 061 023 nd
MS mg/L nd nd nd nd nd
MDS mg/L. nd nd nd nd nd
MMC mg/L 0.038 0.08 0046 nd nd
sulfide mg/L 15 75 nd nd nd
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9 Pilot Plant Trial Results of Site-C

Oilfield Produced Water. a) turbidity, oil,

SS and CODwn, b) sulfur compounds.
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10 PFPW Trial Jar Tests: AS vs. PAC addition
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PFPW Trial Jar Tests: Water Quality vs.
Polymer Type & AS addition.
a) turbiduty, b) oil by TD  500.
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12 PFPW Trial Jar Tests: 2d AS addition 7 Properties Site-D Water through Each

2) (2F) AS Stage of Treatment
(N H RW NE 2F AF AC
salinity % 036 036 035 036 035
pH 749 678 683 687 713
turbidity FIU 355 105 36 % 25
viscosity cP 14 09 10 09 09
CPI s mgl 190 220 %2 B @
CODwn mg/L 200 120 120 120 5
CODc mg/L 190 280 140 120 88
TOC mg/L 215 54 4 38 27
1IC mg/L 197 140 127 127 126
Oil_TD500 mg/L 210 36 10 06 02
Oil_nHex mg/L 180 31 28 28 <10
anion
da mgL 1468 1,757 2,206 1,871 1,84
( ) NOs mgl  nd nd nd nd nd
PO# mg/L nd nd nd nd nd
12 S0h mgl %5 55 605 68 5B
AS 90mg/L cation
Na* mgL 1467 1,770 2,186 1,845 1817
NHz4 mg/L 26 33 32 32 33
(2F)  AS90mg/L N mL. Z % x M
Mg* mg/L 15 19 18 19 18
A103T 1mg/L G mgl 435 5% 5.
13 1m3 Total N* mgl 8 40 29 8 2%
Total P* mg/L 0290 0.120 0.029 0081 0077
phenols mg/L 0.045 0.019 0.020 0.010 <0.005
B mg/L 42 42 41 42 42
( ) ( ) F mg/L 20 097 061 051 054
( ) Al mg/L 017 18 11 10 97
*Total nitrogen, ** Total phosphate
()
300 A0
—8— CODMn
3) 250 % -l =
= ——Turbidity =
= 200 s
B Qﬂ =
Ea £
(RW) (NF) £E 10 5 m 3
= k! q.—.—. E
2F) (AF) g 7 100 i i
(AC) o . B N\ .
. o

7 cop 14 gzeﬁe ;

RW NF 2F AF AC

=2

(RW) 14 Pilot Plant Trial Results of Site-D
(NF) (2F) Oilfield Produced Water
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15 Dewatering of Scum by Screw .Press

8 Properties of Sludge from Each Produced

Water
PW* scum DW** SDC***
Site A
volume m3 20 02 0.009 0.001
___incidence®™™ _0______. 100 ... 10 .. 0045 __| 0005
Site B
volume m3 15 027 0.015 0.0017
__.incidence ... % ... 100 ... 18 ... 0.100_____ 0011 _.
Site C
volume m3 23 0.20 0.013 0.0014
incidence % 100 0.87 0.056 0.006

*oilfield produced water, **dewatered cake, ***sundried
dewatered cake, ****assume quantity of PW 100

CoD
Ss
coD
EOR
CPI
324
( MS )
( 15 )
8
1 2%
0.05
0.1%

0.005 0.01%
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