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Assessment and Analysis of Coal Seam Gas Water Management
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2. Prediction of Treatment Technology and Design of Co-treatment
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Abstract

To develop various usable water from coal seam gas (CSG) water that needs to be pumped out from coal seams for methane
gas production, a feasibility study was carried out, evaluating and analysing a recent report (Coal Seam Gas Water
Management Policy 2012) from Queensland State Government in Australia to suggest potential CSG water treatment options
for fit-for-purpose usable water production. As CSG water contains intrinsically high salinity-driven total dissolved solid
(TDS), bicarbonate, aliphatic carbon, Ca™, Mg and so on, it was found that appropriate treatment technologies are required
to reduce the hardness below 60 mg/L as CaCOs by setting the reduction rates of Ca*2, Mg™ and Na+ concentrations, as well
as TDS reduction. Also, Along with fiber filtration and membrane separation, an oxidation degradation process was found to
be required. Along with salinity reduction, as CSG water contains organic compounds (TOC: 248 mg/L, Cs -Co: <20 mg/L and
Cio - Css: <60 mg/L), compounds with relatively high molecular weights (Cio - Css) need to be treated first. Therefore, this
study suggests a combined system design with filtration (Reverse osmosis) and oxidation reduction (electrolysis) technologies,
offering proper operating conditions to produce fit-for-purpose usable water from CSG water.
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QI S7= ¢lsto]
TSRl 7k B 5 ©
AIZ1A] FBHAL Qs E4de] BlFo] &2 oA o o At
o] = =2 o] ohet AHEAAIE I3t AR
© 29 75 QIgHIAL Qe olof wht Fefjof] 44
= A Aot 22 A E7 ks AR vlarste] =8
7hsR AF e HrbslaL Q7] wiwell AR gke] A;
HollA & A AikS 13 ohdRt A7 =L 9l
tHChris, 2013; Galiee Energy, 2013; Greenlee, 2009;
KOFAC, 2015; Pendergast, 2011; Shin and Bae,
2012; Shin et al., 2014). o]&3t oA FUzte]
A= & AR |A4-(Min. Commerce, Industry &
Energy, 2007)& 3tsPHA] sl E=r3l; sl Ao,
= 1=A 5o SRS AEskL Jlew AlA 2=
oA 7|F =L Q= & ZH(Min. Environ., 2015)9]|4]
= A AR & Aol AVl A = Ak
Al 7HA] 71K =E F8l 2dstof Shral =3}
e FAlol 7kt & A AARS 913 <%
FTO/dE P & 4= SQlek

53] = F5=712] #elollA] Hlofu Sl AA]
Al T30l 221 20119 ti3+E 7150z 4]
3 Braas S8l AeSomiE 3pr=
Z|5}4~(CSG Water: Coal seam gas water) 2]
& vbdo) W3l B A|(AUS Dept., Natural
Resource, 2013)S ZHJgto 24 & 21 AHARS <7}
AR o= WSkl itk ojefRt ARk A|ske] f=
T BrRA TESE e AL Q7] el A
27lé 9 e Alg) 5 4 2A} BRskk vkt
11 IcK(Origin Energy, 2013a; APLNG, 2013).

oo} L Tk 2= i B ol WE AP
O] WgF AA7} A= ofok fefar B = 7] H e
ol 7Fsd oz o] uize] Coal Seam Gas
Water Management Policy-2 -8-%of thE 4~2 17}e}
A A2 S dERto A s & A7 7]e 8
Q] R&of 705} A5H) WA Coal Seam Gas Water
Management PolicyS £4]510] g/ 4Ake] HEE 7
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solid), bicarbonate, aliphatic carbon, Ca'?, Mg**So]
FiElol Sl EAo= elslo] TDS Akt 37 Ca”,
Mg, Na* 212} 35 47| -8 Abgsl7] 913t 1194
e 71&9] Ag} g7 BOD A7ES $135t Ak} H3]
7hze] WolE AT Wavt o) gie] ok Zhzke
B ARS 917 7154 9 whgre) Aejt g
2 W91 TSI Telkg ] b S A}
A} sic) ESF CSG Water?] tj3E =2l(AUS Environ
-ment Protection Agency, 2012; Origin energy, 2013b;
2013c)°j|A] total organic carbon(TOC) o2 HEA|E &
718k3hEe] F=7) 248 mg/L, Cs -Co 7} <20 mg/L, Cio
- C37} <60 mg/L 21 & ZRsHH TOC At 7= &
3], wAgo] A o= FCyp - Cas2] A 2of] Tzt a2
= AP 7leS olSstaaiRith
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2.1, CSG &t CSG Water2| 3|4

Fig. 1o]4 & = Qli= HI2} 2Ho] CSG water o] 24
A& dewatering stage (AekE g5~ thA), stable
production stage (RFg2I31 Alehs A|5kg= AAF TA)),
T12]37 decline stage ( ZHEF T4 THA) = G511 )
S1Paul et al., 2009;2014) Coal Seam Gas Water
Management Policy Studyollx] AAJSIAL Q= T3t
2.8 A g of gt CSG Water(AUS Environment
Protection Agency, 2012; Galiee Energy, 2013)2] &
A A Z1o® RISl 2 ¢19e] 7lef E-gslal
ARl

7

22 hE +3 Wt ¥ =2 7|z MY

Table 13} Z+2 Bowen basinoj|4] 3]4~x 11,600,00
ton2] CSG Watere] t3f 218 410 2 121421 A
2] 7|4E di&slaxlshy E3] TDS, 94, bicarbonate
O T} b2 QA ISl ke AMES ERl &
W] Hizell 0|52 AE Sl A= 7T Vs
SAH o AekT YA LTS WIS AN sk

s,

23. 8= £EIIE Y XM2vlE oS
AR A|sl=e] QYA A2]7](Water Act, 2000)
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Fig. 1. CSG Water production with a operating stage.

Table 1. Characteristics of CSG water quality(Bowen basin)

Water quality Unit Concentration(ppm)
pH 8-9
Total Dissolved Solids mg/L 1,200 - 4,300
Calcium mg/L 3-9
Magnesium mg/L 1-3
Sodium mg/L 300 - 1,700
Chloride mg/L 590 - 1,900
Sulphate mg/L 5-10
Bicarbonate mg/L 580 - 950

Z-83l= 71k g2 (Water Supply Act, 2008) 31 Ak 3. a2t ¢ ¥

S Ak el AEE S8l e eds skl

He)e0] o)A 0] 98 221517 Olat AekE 2Jale] 3.1, CSG water management policy2| A9t 7|& BM

ke #2)(AUS Min. Environment and Heritage
Protection) & F-45}o] A2]7 &g dl&3laax} sl

2.4, TP WISE MY U WE AAH 7Y
oz9] glratoll A yrglule} 2+ CSG watero] 4

o)) o] Wl UEht = a7 28 FH0R
©9) MHgR] W91E Agshi sl on] oSS E

CSG water management policyoflA= *{2]7]e2]
QX595 A gl T ITHAUS Dept., Natural
Resource, Queensland, 2012). o]+= &= 3] Ak
< a0 BA] UVolE, B2 sjatelS Alekel
O SSH TDS A agoll= vAA] Sohs =
AAslar ok E3F Ede] WpHor RO, o] 2ueh
compactive desalination(CDI), & Z17]%-&{(electro

-dialysis revesal, EDR), %' 5-& Z42e] & - by




1632 A

Table 2. Comparison of produced water with guideline values for irrigation and stock watering

Upper Limit for cotton

Upper limits for livestock

Water rang of Produced water to

unit irrigation with no product loss Date in the Surat Basin

Total Dissolved mg/L 1200 ppm 1(?,?)%% zﬁifep 2260 — 5060

Solids(TDS) 6000 pigs

Bicarbonate mg/L — — 1120 — 2060

pH — Exceed 5~6 — 8.4—8.9

Chloride mg/L 700 — 548 — 2060

Sodium mg/L 460 — 918 —1840

Fluoride mg/L 2 2-4 29—45

SAR Approx. 10 — 107 — 160
= Azlsto] AltstaL itk o’ Eed 71s2 A A& 7HAIAL Q1o g BeE WS Sl
HE Fof| Zgo] 7Rsatchs thA Zgo] HEOl 9l A= 1,200 g/l 5308 LERololghe o 4= itk ®

7] wjEo] AulL 1 a8 Bedr|Lol tist AEs}
Q3 AT Q) o AT} 7)& E3T Haluke]

S8 B2 HAolE AR O Hgo] ZRssic ¥
311 gl 2 1|Fo] Mot SS AAS 9l AL Ao]
QLS 7140] B 027 kg2 Mol ek

3.2, 8xY 271 £3 BMof| ofst X2l 7|& dES
Table 204 & <= Q= v} o] TDSE CSG
water7} 3|4~ & 7150 & 2,260~5,060 mg/L 2] s

Table 3. Livestock response to water quality limits

St BhAto]29] HCO3 += 1,120~2,060 mg/LojlA4] 0 4=
08, 53] Ca”, Mg™2] =g thet Na o)

i UER= SARS 1002 ghstar l7] wiizol]
47Hﬁ~r§ ARE8E7] QlaliAl= TDSEL} Hit 52 A|A
7} BeAQE o 5= Sk o= o]H9 =l A(Shin,
2014) vf3l vjel o] A4 gt TDSE] A|A7k
SAR F1o] s fiviths 220 R2HE sjj4do] 7}
=35 gRilole dA] Ax U Ao} AlatAjo] Q)

TDS (mg/L) Livestock Watering Comments

Less than 1000

100010 2999 accustomed to them.

Excellent for all classes of livestock.

Very satisfactory for all classes of livestock. May cause temporary and mild diarrhoea in livestock not

Satisfactory for livestock, but may causes temporary diarrhoea or be refused at first by animals not

3000 t0 4999 accustomed to them.

Can be used with reasonable safety for dairy and beef cattle, sheep, swine, and horses. Avoid use for

5000 to 6999 . .
pregnant or lactating animals.

Considerable risk in using for pregnant or lactating cows, horses or sheep, or for the young of the young

7000 to 10,000

of these species. In general, use should be avoided although older ruminants, horses, poultry, and swine

may subsist on them under certain conditions.

Over 10,000

This water is considered unsatisfactory for all classes of livestock.

Source: All consulting 2003
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Table 4. Irrigation water salinity ratings based on electrical conductivity

TDS (mg/L)* Water Salinity rating Plant suitability Example for Potential crop®
<390 Very low Sensitive crops
Flowers/shrubs/fruits
390-780 Low Moderately sensitive crops
780-1740 Medium Moderately tolerant crops Clover®
1740-3120 High Tolerant crops Corn, soy bean, lucerne, sorghum, sunflower®
3120-4860 Very high Very tolerant crops Barley, cereals (Wheat)s,cotton
>4860 Extreme Generally too saline

1. Approximate conversion applied/EC units X 0.6 = mg/L
2. Department for Water Resources, SA
3. relative yields for salinity figures is approximately 75%

7] uhiol SAR ghe] 7t g A7) chat o}l g o
A~ o]]:]_

TDS9Q] = ARELES LERH Table 304 ¢
4 = AP EHR] 749 1,000 ppm 010}01]*1
= B Aol AR = 9121 500 ppm o[5}o]
W S8 RAE AMgo] 715t Auje} ulagt 4+ ok
(Aus International Longwell News, 2013; Chris,
2013). E3H 7S8R A= Table 204 & 4= Q=
°F FUsHA 6,000 ppm oFe] Jlseo] 7ol A
834 glo] $0] mE TDSS] ARIIE o=t 5
e T ARE AT 5} Ak

Table 42} Table 50l = A7|A ==} TDS2Q] A4l
oRBE| AN 7R HolE AgekT ek Z ol e
B0 HER ALk o] 2A)7]= 2.5 x 10° x TDS9}
ol2A7]= 1.6 x 107 x HjH==e] A} AR
th= A2 X E|(Snoeyink and Vernon, 1996) g+

A 52 TDS = 2714 240 ofa) 5= olZe] 7h
L3l wlehd TDSE A7 | AR ES %gxm: Qole
2 28] el AR} e A9l ofo]

RIRISE AR G0 2 Abgo] ARHEICHE AL o

% glow ol Bl Agel et At Bage
QpAlatar gl

3.3. CSG water?| Xz2|ci& 22 U 2| 7=

CSG wateri= Aek52] 99| oJs) Safayo] it
ERH(Higgins et al., 2012; Metgasco Energy, 2013;
Randol, 2013) o}& A2J5}7] flelid= B/det 32 A
Zgoju} So] 2A 2go] 71 3F Aoz oilE] u)
o] ZAJE] micropore, mesopore, macropore®] £
EE 551 o)A ¢d5Kshin and Bae, 2009)¢] Ai}E o]
83} 4= QS A0 FhehEny, EE njEk a4 AAS

I3t A2]71<(Saito et al., 2012; Shannon et al., 2008)

Table 5. Irrigation water salinity ratings based on electrical conductivity

EC (dS/m) Water salinity rating Plant suitability
<0.65 Very low Sensitive crops
0.65-1.3 Low Moderately sensitive crops
1.3-2.9 Medium Moderately tolerant crops
2.9-5.2 High Tolerant crops
5.2-8.1 Very high Very tolerant crops
>8.1 Extreme Generally too saline
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Fig. 2. Schematic diagram for introduction technology.
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7Rt 7= A7 & 4 Qlck 53] TDSE| 4 ¢
?lo] Ei= salt A= = g A9 344 A
Al 71%&(Hanju, 2008) 83 = 35 A o= o]
7Fsoh HQasth 79 AAAE ol ES o-83) o2l
3t 34 32 A7|Es| 9 RO A|AE A =9 7R535)
S HEZA(Achilli et al., 2014; Greenlee et al., 2009;
KOFAC, 2015) & Tts}9ich

3.4, £2 T8 CipiEEel Hel

olAfe] Zupii Fig. 20k 2 4] 7R 1]

Sl2 AT WA SS9 AAE Sit ofaplsoR

L 408K ol AYet AAH-S FHOE S

9= 4frofl(Sseng Co, 2012)% AlRtekat 5]

712 9 s Hekeao] Akt HalE Slshie A
=]

2 o].24 E2 7] 213 SAR Fhe] FHAE fEsl=
g 7]&2= RO AlAH|(Matsumura et al.,, 2001;
Saito et al., 2012)& sl Afslc) ot A-gojal=
Tckol 33 Alagle] A7} Bashy| uizel Al
HlaS AA vt ofijz o] W7 7 ol g 4= Qb
whize]] S A" AL abgoll ] HES] thdol] E

Ao R Wekslol Wagh 49 SWHES Aol e

e} wrodake] wE(Pendergast, 2011; Shin, 2010) 2
e AlQFsRaAiRint. =3 810 Hefof wEbA
€ ofuA a7 e R AHEL e AVIEsE

oAl = =

ROo]| ofgt o]

wpe

a4 glck

Ca+ 2(HCOs) — Ca(HCO3),
Mg + 2( HCO3) — Mg(HCOs),
Ca(HC03)2—>CaC03 + CO, + H,O

e 27t o= sl
3 A28 T4 FARS Rolstarat,

3.5. CI9j@Ho| wWato| of3t HHZH of&

3.39] =9)7|%2 Fig. 37 22 AIA B4 A=
a8 4= Qlek 2, WA salt A% AlA] gt TDS #]
Zh} ofo] W TDSAZ] kS |2 Ca?, Mg™
o} 7k A Gt o] 1} BhAto]20] EAJo]] A|A ]
ololA] A7l B2 Tl ofgt f71% A9}
o] A A 2] 2|2 A, oz}
o) o] 9JRJell= 7153 Fo 7
Thalgick 03714 Ca™el Mg™ = dzte e gt o 22l
HCOs, COs? OH- o}&a} ¥kgate] A7) chl,
CSG watero]| ARsl= e HCO; 7| tjE-e
Z}A| kAL ) o =(KOFAC, 2015) |t
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CSG water recovery

Salt recovery and purification

\

Removal of TDS and Hardness

v

Removal of organic matter and color

¥

Water production

P11
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Coagulation, precipitation, adsorption

Advanced oxidation(radical, electrolysis)
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Agricultural Environmental
water water

! !

Industrial

Leisure water
water

Fig. 3. Schematic process for the production of water resource using the CS G water.

Mg(HCOs); —Mg(OH), +2C0, ... )

o§7]4 Ca"i= CaCOs&, Mg'*i= Mg(OH), & ¥
3k uj 212) x12] pH M= Ca™719.0~9.5, Mg~
11.00]7] wjFo|(Reynolds, 2010) bicarbonate2] A7
= S5t A3 Aols pH 249 B Agtslaat
Ely

AR 02 Fig. 304 H Salt AJHo] A 4
5 Asl=iE 85 Aislr] 913t Al2Rle Bl
T AeE, TG 248 28 39
- A 58 50 B WSk A2l

op oo (I

Table 6. Desalination capital, operating and matintenance costs

0] e Aol ofat H2sle 2e 54 27}
23hE o 4 9ok 53] ARl 2§71
[e)
[e)

e e

EAAS 5 He] THL 9] vhgzo]
v ofjel TEAlsle] Wade agsti Q) uhel
LEAS}HE 7S] 7] magollA] 2 WYY
-8-4J(Shin and Bae, 2012; Shin et al., 2014) 2! 77|
At G R (Shin, 2009)5-2 1R 224 &4
7 Agete] By A8 ANSH: 27t AT

el BN

3.6. #= 39 M2HIE 2A A Gt

Coal Seam Gas Water Management Policy study

Technology

Capital costs

Operating Costs

$/(KL/d) $(kL/d)
Multistage Flash Distillation 2000-3800 Dependant on Energy costs
L U 1.8-2.8(no waste heat available)
Milti effect Distillation 2500-3900 0.055-0.95(waste heat available)
Vapour Compression Distillation 1600-1700 Dependant on Energy costs

Reverse Osmosis (RO)

Electrodialysis Reversal (EDR)

700-1000(brackish water)
1700-2400 (seawater)

570-3250

0.65-1.5 (brackish waters)
1.89-2.2 (seawater)

1.00-2.80

Source: GHD 2012 Desalination in Queensland
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ofNE BHEEE EFHOE Table 63 -2 £}
A S-S ARSI Qi) of7]A HH FR7]s
gt £4} vjgo] 1,600~3,800 $/(kL/d), RO} EDR-&
570~2,400 $/(kL/d) -2 21e 4= Qletk wpa] S]]
ofgt erd#fe] Hrk= ROS} EDRe]| ©J3k #ej7t Al
2o R EAH| G2 Fom SHNLG ol 2 T
& Ho|1 9Jrk thuk, ¢E =7} 30,000~40,000 ppm
9l 3=0] 9ol ROC|| Ofat FApul o] Zuv]<s0]
Expugo]l ML ot s PEo R BFriEs
brackish water2] 7-Qof= Ex]82 1,600~1,700
$/(kL/d), -&AH-8-LE 0.65-1.58/(kL/d) o2 AAJslaL
o] o] Hrl= A HE2l CSG waters 2= HE0]
brackish water2] x|2]H]-& Hrk= t] 2 Z o0& i}
k4= Qe o]2fet At RE TDSe} o] 2/d =20] A
Al 28] 7Fs3 RO 372 71579 welute] A o
7| 2417152] 2|A3lof| oft ol v %] A7t BaE A
QoA A g7} 7ssitial Ak

4. 2E

Coal Seam Gas Water Management Policy study =
Ast] B gk -8 AR 913 CSG water9]
)71 oS 9 Ee AR Al iR vt
AES AUk

1) 8= AR 913 CSG water®] 22]57
ofur} gl wf Zejof ofgt ofutt 7z, f7lE AlAE §
w71, o) =l W TDS APE $1Rk A7)
3o} RO 24 Wakilasle) ©e) 3402 Aktel
A ARa0] ol WE A LAz 44
& At S8t} ik

2) CSG watero]] 2Egdk= O] E= HCO; 7} Tt
Bo 6}l 9l At Cai= CaCOsE, Mg™
‘= Mg(OH)= 71 o uf) 2|2 2712] pH W$}i= Ca™
7}19.0~9.5, Mg+2+ 11.0¢-2 72514 hicarbonate 2]
AAE A3 A 2g7gollA pHoll whE AlA Fa > TDS
o] FeE AHsk= 5a%k k= ERIFSI: 539
TDS= it 89 825 2Ash= dAFAl Ak
517] wizell TDS A= SRt ARAIAge: Ad-fofxt
2 EREE]eF RO 39| Bigto] A471e & |elst

otk

2]
=t

u rlo

o Fl AE @& o

A
pN]
oy

3)% =17} 30,000~40,000 ppm<l f5=2] RO 7
2fol] oifgt Fapulgo] 7o) Faplgo] ok
glo1} 1w JB.o 2 BWrlwl prackish watere] 7
Qofl&= BEx8-S 1,600~1,700 $/(kL/d), 2Av]-&-2
0.65-1.5$/(KL/d) 02 AAJE}AL Qo] o] Hrj= & H%
9] CSG water= H-= v]-80] brackish water2] =2]H]
& Hrks o 22 7o R ol 4 l7] ujiel] TDSS}
ol2/d EAO AAl = 77RO 38L& 7|54 &
2ute] Agut A 4710 2ASlo]| o3t oA
A7 EE S AT A A ST} RS 3R

siiet
IALEIS

B A= S TSk 20156 £ o189} 20154
FARR] =51 2] AAIE Q] e A (A 15
-4-10-13)°]] oJa =3 =] 3l o o]of] =7t
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