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Characteristics of geothermal water in the Xining Basin and
risk of reinjection scaling
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Engineering, China University of Petroleum, Qingdao, Shandong 266580,China; 4. Key Laboratory of
Unconventional Oil and Gas Development, Ministry of Education, Qingdao, Shandong 266580,China)

Abstract: The Xining Basin in Qinghai Province is rich in geothermal resources of low to medium temperature,
but the geothermal reservoir is dominated by weakly consolidated sandstone containing clay minerals, and the
geothermal water has high salinity, which causes a significant risk of scaling during reinjection. In this paper,
based on the analysis of the geothermal genesis and resource distribution characteristics in the Xining Basin,
different methods, such as the mineral solubility method and saturation index method, are used to assess the
scaling tendency and risk in typical geothermal water during reinjection. The results show that the “convex in
concave” structure of the Xining Basin is beneficial for the enrichment and warming of thermal groundwater in the

deep geothermal reservoir, and at the same time, a large number of dissolved minerals are brought to the central
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bulge in the Xining Basin. The geothermal reservoir in the Xining Bain is mainly buried at a depth of 700—1 600 m
with water temperature of 30—70 °C. The hydrochemical type is mainly of SO, Cl—Na type, and the salinity range
from 1.85x10” to 4.80x10" mg/L. The main scaling product during reinjection is CaCO;. When the characteristics
of reinjection water and geothermal water are similar, the risk of scaling mainly occurs in the reinjection wellbore,
and the risk of formation scaling is relatively small. When the characteristics of reinjection water and geothermal
water are quite different, the incompatibility will greatly increase the risk of formation scaling. Among them, when
the water from Yaowangquan is mixed with that from DR2005Y by 1 : 1, the maximum scaling amount can reach
177.57 mg/L, while the scaling amount from other geothermal water is smaller. Based on the above characteristics,
three sets of comprehensive measures are proposed as the follows: physical anti-scaling + pipe anti-corrosion,
system pressurization anti-scaling + pipe anti-corrosion and ground pretreatment + pipe anti-corrosion,
supplemented by measures such as cathodic protection anticorrosion, optimized displacement, and pickling the

wellbore. The results of this study can provide theoretical basis and technical support for the formulation of

7K SCHb BT TR b S 9554

measures to ensure the reinjection capacity of geothermal water in the future.

Keywords: Xining Basin; geothermal water; reinjection; scaling risk; anti-scale
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Fig.1 Sketch map of tectonic units in the Xining Basin
(modified from Ref. [19])
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Fig.2 Longitudinal section of the conceptual model of Mesozoic thermal reservoir structure in the Xining Basin
( modified from Ref. [18] )
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Table 1 Statistics of the major geothermal wells in the Xining area
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Fig. 3 Distribution characteristics of geothermal water in the study area
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Table 2 Hydrochemical ananlyses of typical geothermal water samples in the Xining area
KSR DR2005 DR2007 DR2016 LR 8401 DR2005J5 DR2016J5
K'/(mgL") 65.81 48.74 80.69 18.22 4.63 124.00 87.40
Na'/(mg'L™) 1.18x10° 1.66x10°* 1.51x10°* 3.65x10° 20.11 1.11x10* 1.26x10"
Ca™/(mgL") 24.04 425.55 549.55 4136 317.40 270.10 418.00
Mg /(mg-L™) 821 140.00 176.11 19.36 93.69 78.30 149.00
Br'/(mgL") 0.13 <0.02 0.25 <0.02 0 0.0 0
$*/(mgL™) 0.37 13.83 48.15 2.97 0 6.10 25.70
HCO3/(mg'L") 2.81x10° 0.70x10° 0.75x10° 2.82x10° 1.31x10° 1.41x10° 0.70x10°
coX/(mg'L™") 0 25.42 0 64.71 0 0 0
Cl /(mg-L™) 39.97 9.36x10° 2.26x10° 1.2x10° 7.52 6.98x10° 1.94x10°
SO /(mgL™) 146.66 2.07x10* 1.22x10° 4.16x10° 4543 1.42x10° 1.17x10°
UiFESCO,/(mg'L ") 10.81 0 14.19 0 0 30.77 16.70
pH 7.40 8.41 7.20 8.34 6.68 7.56 8.08
VA AR/ (mg L) 434x10° 4.80x10* 4.06x10* 1.20x10* 1.85x10° 3.42x10°* 3.44x10°"
IRAR AR HCO;—Na SO, Cl—Na Cl—Na SO,HCO;—Na HCO;—Ca SO, Cl—Na Cl—Na
£ S REES - - - - HOI R

HCO; % 1 4 0.69x10° ~ 2.82x10° mg/L, I 4hif & 4 /1>
AV T BR 8401 JF M HOK 2 55 R M, AR KAEERY
S B, 20 Hh #UK 4 DR2005 FT DR2016 i85 4 fif
HEHERS COy HIBUK B AR B 1 1.85x10° ~ 4.80%
10" mg/Lo R F&F 1551 e 40 24 1 4 07 4% i Rk K Ak 2
AR, BAROK AR 22 S 3K, (H 2 LA SO,-Cl—Na
Bk F . BT DR2005 H HEr s, WAS /KA Z % 2
ARG e, 7K 5T AT 9 AR AL W, Ay K FE 4n DR2007
Fl DR2016 5 25 SR S5 — 2k .
2.2 B ROK g I IRV R

(0] Ak AR, b BROKOU 28 BT R R A B )E,
A P — EEACIR A, HE ARG b B E K 5T
POKPIPIIR AR WL, B e s X i — H BOKCR S
AT 485 35 R S RTINS0 DRy £ 245 3 XU
221 WY

K AT W5 i P55 2 ) DR 4% b B RE 285 075 s 3
FR A i P K B AL, B K b 8535 PH S+ 5 45 R B 2
FIEATEC AT (4 FpBHES Fx2 M BHE 7)), 11545 3] 4 Ff
WRPR Eh U5 A1 4 R IR Eh W5 7E K h iy e KA i i, JF 5
T b Y5 E K T AR U A R AT R L, T RT BEAE AR 1Y
Y5 AU, 25 AL LI 4, T S (e KA il /T 0.01 mg/L
HER YR AR TR bR ) o

XoF Ll Al 12 W5 5 1R 6 315 78 7K r 00 95 i 5 AT R
DLA 10 mg/kg 7K Fy 5, BUVERIG 1 i B — M K T 45 86 05

VA i 5 5 (DB T 5k 5 VA 7 2 L RS AR N, — M Bl
TR T v T G e BN A itk PR i Y i B ) 37 Yk
JEE S M 65 A, L e il TR T I e R T e T o T PR
T R ARk A, X TR RE %) R A R BRURR . TR, b
FROK [ | I 3 0 7 T e 1) 3k A T REXT CaCO;, 2531 52
e A8 K o

X L % b A K B TR Eh Yin e R AR R S H AR K
() V5 1 B T 45 D45 KRR CaCOs fie K AE I K F
B A T LU i B 4R, AR S5 R XURS s @ 45 K BE h
MgCO; fie KA i, ¥ T 0w i B il 4k, FEFE 459
IR , fHL 75 B2 0% B 1 & MgCO; 7E 7K th A fig ke e A4 18,
5 7K Sk 1 Mg(OH) 5; @ 4% /K K v BaCO; fie KA i,
PR F L7 il 2R, 45 3 KUBS 5%/ s @SrCO; it
KA Ji &, DR2016, DR2016 5L K DR2007 & F B %
T i B M 4, FEAE AR RS, A KRR 5 35 XU
BN

TEAS YR IBCREAS 1) 149 A 07 B A, 68 b A% b B
KB R Fh I e KA B 5 AR K r B I ik B RTA: 4%
JKHEE MgSO,. CaSO, fie KA i & 35 5 T HE i 1, 77
FELSIR T g, (FK R R AR & 5 4 8 B F I8 K i 4%
Gl B R, A T A i D i A A A B R R
MBS A 2B L 25 a3, I AN HEBR KB h CaSO,
F1 MgSO, e R A= Jli AR T 345 M B2 19 7T fig 5 45 /K e rp
BrSOy. BaSO, 15 KA it w4/ F HE i, 24595



- 198 - 7K SCHi B TR b R 555

104 10°
—{_DR2016.616.39 |
~ =~ >~ [ DR2016Ji, 521.50 |
= ek £ "DR20I6J%, 104500 | Lo 10y NG o
o 8401, 793.50 3 AR
gmu . | DR200SJEL 675.25 | 4E%IO“ "DR200SI, 27405
- LR, 67.76
% 100k o 60215;-'% 103.40 % 100k DR2005, 28.74
=% o
o . s o ; .
Q 10°F iRt G, 107 VAR I 2%
O o KA = o RRAE A
. . . . . 102 ‘ ‘ ‘ ‘
107, 20 40 60 80 100 L 20 40 60 80 100
IR g/ C
(a) CaCO i (b) MgCO, ¥
10° 10° - :
e W3 g 3
Vi ARE 2 ﬁ%i%é
100} o BRI AR
10% ¢ -
o=
10" o

DR2016,0.36 ok 7 DR2007, 23.26
< DR200S. 0.1 . — DR2005JE, 10.26

f# ) /(mg- L)

BaCO,# % /(mg-L™)

10 o DRO0OSIE.007 ] P
. S 100k
107 T mEmon g 1 prowos.062 |
e = - wn
. . . . . o ‘ ‘ ‘ ‘
0 20 40 60 80 100 0 20 40 60 80 100
S/ C L/ C
(c) BaCO, i (d) SrCO,¥i

B4 AREMBAKRBERFEEAENESRBEBZEILL

Fig. 4 Comparison of the maximum formation and solubility curves of carbonate scale in different geothermal waters
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Fig.5 Comparison of the maximum formation and solubility curves of sulfate scale in different geothermal waters
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Fig. 6 CaCOj; saturation index and scaling trend in geothermal
water reinjection and heating process in wellbore

DR2005, DR2016. DR2005 Jii . 8401 7K B 4 45 i #4 34
T o WeAh, X T [m— KB, ok f A BO8OR, 4 i
FER, 90 C T 45 Hb FR K B B KBk R 5 235 3 i HEF R
8401 > DR2005 J5i > DR2016 > DR2016 J§ . DR2007 >
DR2005 > 2 F &, H:th DR2005 J% 24 T 5 i $K 45 5
IR/, 10 ~ 30 mg/L; 8401 My #A ok 45 35 & i K,
Al 35 380 mg/L, H: ¥k iy DR2005 J5 &% DR2016 i #k ,
S5 35 e K AT 3k 250 ~ 350 mg/L. b UK 4535 1 5 i
TR OS5 IR B F i A R R .
2.3 IRA HHOK SR KU ) W

JPEH 1 K 5 R #BOKTE L IEE R N IR A
S50 KRS, SR 0 AR Bk 70 R TR A M EAOK 1 3
PR FFE B e R A TR T )2 N A O Y B
R L = EAN = I YN E VA O Ty S B BV
Y 3ok T PROK RS B KA TR R TRNR A LT
TR 5 K BRR 20 43 Je pH THEE | TR 7K ML A B LA B %)
N 535 R H AR D TR, R AT T b BROK T b 2 Y Y
iR . YA B R R RS BN T 0 B, K S
W B IR BRIV BE , A3 R A 4500 . BB b #oK
DR2005 J5. . DR2007, DR2016. 25 T 5% F 8401 43 5 1]
THE 22 DR2005 Jit 3 #A A 22 vy, Sle 8ok 1] 3 17 P [ g
K B TS5 Y5 R GRE N 20 CTHE £ 60 °C), F-7E
60 C T LA [R] EE 461 55 i 23 P4 %) Jb R FAOK TR & 45355
W25 3. % 4 s,

R3 EEAEARRSRITEMEERERED

Table 3 CaCOj saturation index and scaling trend in wellbore

HEAK DR2005i% DR2007 DR2016 ZiE/R 8401
UKoV B 1.19 1.85 0.86 1.80 1.21

¥Ry (mgL ) 191.78 103.93 15121 1029  254.40

Hy 2 Al 1, 713 DR2005 Jit . DR2007 F1 8401 #b 44
K, g3 KU B & AR AR IR, S BOKIRA G
TCAEYG KUK 5 (13 DR2016 Hb#IK I, A5 th 77
SEYE KU, 2 P A A — S R R B, Bl [0 K -
Hu R HOKIR A LB EE R, 2535 R A e KR DN, i
K& 7R 7.36 mg/L, M VE A K BT & H AR 30%;
2y TSR MK [ I R R A R U e, AU
10.29 mg/L, HZ5 35 XU £ 2 & AL fe )2, X 2 T
25 F IR & A KK IR SR 3 T, 1 DR2005 7% A K
BB T, WEANEMEE YR, oK% &l ik
177.57 mg/Lo ARG 515 2 49 45 B0 [ 98 B e K
ShYn 2 TR [R) b A 78 R 0 P DL SO 2 N 1 25 3
s 8] oA, W 7 BT o AR AT HY 7E H Bk
it J2 15 A 60 °C T X I B R BE AL, A 1 e S
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Table 4 CaCQj; saturation index and scaling trend in formation

EAKLE AR
HZ
It fil/ DR2005J5 DR2007 DR2016 Z5E R 8401
0 0 0 0 0 0
10 -0.01  -0.02 0.008 0.11 —0.03
20 -0.02  -0.04 0013 022 —0.06
30 -0.03  -0.06 0015 033 —0.09
40 -0.03  -0.08 0014 043 —0.11
SORITRIE 24 50 -0.04 -0.10 0012 054 —0.13
60 -0.04  -0.11 0008  0.64 —0.14
70 -0.04  -0.11 0002 0.74 -0.14
80 -0.03  -0.11 -0.002  0.84 -0.13
90 -0.02  -0.08 —0.004  0.89 —0.07
100 0 0 0 0 0
0 0 0 0 0 0
10 0 0 421 6016 0
20 0 0 6.59 110.05 0
30 0 0 736 14750 0
40 0 0 6.80 17049 0
ZEIE Y/ (mg L) 50 0 0 526 17757 0
60 0 0 313 16838 0
70 0 0 092 14390 0
80 0 0 0 106.17 0
90 0 0 0 57.65 0
100 0 0 0 0 0

S5 In B W 0, HJZ N S g R

S NS R B TR N 2\ N i 12 B U A
THE M J2 45 e RS /0N, 5 3 XIS =5 28 2B A [l S
Hh 2 ] K TR O 5 I FH R R 2 R EOR
I, AN EC AR T B0 )2 25 0 KU R4 v .

3 PRk B B IR HE e R

S VPG AT E, PE T DXl FROK ] o AR T
THE - ) B R A 2 o YA AR 235 0 RS, 45 9 TR £ 7
BE BB | AR 0E W SO M2 TP R DO, e R EL

DR2016 4

HFRTK 4 1 B 73 M T R, DR I R U R 25
A e R T 577 H 1 B b 2 45 T
3.1 H IR BRYE i

AT Ml 3 K A7 A 25 TR RS, B B IR R
s s, B B AR Y B L L
B B T2 B3, B3 5 40 AL Br b . W) BRI
K HUBR BRI, X s PO & o B b i B B e R R e R R
BRI SEER . X HuG:, BaTH 0 B 5 5
WA AL B 3 Rk fsE vk L WEEE B YR AR H B
Yk 255, W A0 BRYG 77 kA MU BRI (& 4k
WVEYR, a3 O HUMGE 28 E e BRIE ) . K Sl Kefk
25 Ve (HCL L HF 2595 VN 28 i 0 v Ak ) ™ )
Horr, F Ak B 5 vk B AE M $ROK HE A R 58 2 T b AT T Ah
i DL U A1 Ao 8 S5 A B 9 L A R g 015 R AR
B, AR AT BEAEAE 2B B A 235 35 F0RL A b TR A 4k B 2%
HIFEMNE DL, 75 2 WIBRIG 5 15 Fe ik RIOR FH i v o 1
JE, f# CO, FRPE S ARLR B A8 WM, fif ik PR 5 Ak F R
T AR, DT 35 2 B 35 %5 B, (B e Kbk 2 1
CO, R SR 23 1 RS 42 6 1l 7y [ A5 A 2 D 1) (]
TE L BROK TR B AR MR VA W, B AR HRoK pH A, fEAE
PhALEL, N5, s A B IR, B0, 156 B K
HE B, PR A7 AE — 2 09 B R A 5 1 v B3 B 7
W e T 2K ThOE L ff %, A 76 A8 RE B,
R HA AR 558 5 5 BEIR VR 2 5 BV 25 6 b7 8 1 J2 S B RH.
i, B[R A T 11 2 s 0 R o ) o 46 g () R

H HC R0 A0 3 2 b B0 BH 35 5 v 45 A R g, 2 408
B —NBEE T L& . R
T DX A P 25 YR AN R], 7 2 A A% B s i i A
WA PRI 2 M IR R . X IR RURS: B
F, AT SR Ak PR3 R vk -BHYR R 2 BA B YR, DOH T
B B HEAT 407 1 W B I , &5 35 IRURS: B AR 14 AT
SR FH 1Ak P46 B 35 T vk o

[ sao1

DR2016 4

(a) 25 HbFAIK [PIVE I 18 N 2535 #4344 (mg- L)

(b) #5 b FATK [T E 7 1 2 P A 45 45 3 (mg- L)

7 AEMEKEEMERESE SR

Fig. 7 Distribution of scaling tendency during different geothermal water reinjections
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3.2 ZEA B it

PO b DX b PR (] A AT I 85 35 IXURS: , 38 T I
J5 b S M 22 3% FE XU, BRI T2 A B i i, A A
T AR D] - 157 B b 2 1 K [ R T, 2 v Hb FROK
TF &R By 25 M o 3 3 0 35 X b B0 A b BRoK [l
B Ji5 75 35 Bl 3 4 it M A AR, W] 25 A A it A ] E Hb A4
K PALEE | T3R5 R K B AR I REA 2 . TR
By 65 5 5 A . R S A I 2 e SR vk | Ry [
K pHAE . ¥R CO,. WAl FE 28410 e 5 %
ZEAXT AT b B B L 7 9 ] R SR AR, 45 H Il
e oI A T AR e ) e o A 2 X ) Wik = @ N W ST

BT IE H A, AR SRS . AN A XTI
) S o =50, i) DL BB SR UK 3 ROR FAR B L Ry
Bl CO, Mt A5 T3 125, 412 i 1M1 9 /K 4 R o M LA K 5
IR B ECALE o

TEMEHEA b, R 1 3 BL G TR (K6 H
VET7 T LR B, o RGT B EOR AN &, &
GLEt I Oy, FF 23R F H R H5c8T ) 4 B 5 9 5
AR R B 4 S I SRR 30 K o3 A A A T
WA 25 95 e 345 SR T HTT LA )2 B B O 4 f
TR R T, TS BB Y B 5 A, & H AT a
BRI — A KR TT 1]

RS MIREEH R EIRRIE AL SRR

Table S Summary and comparison of anti-corrosion, anti-scaling and anti-blocking measures in geothermal reinjection wellbore

e - i i B b P
K AT TRAS YR . A BRI R L s N " .
| KGR E) AT AN BRI J J VBT R S s

FRPESAR . R BRI

[l R -4 UK BLATLE RA4F, T2
iR

Biy L PR B Bl S M AR
SR, MK S5 KA AN
PREFIF T FRARIRL, /N2 35 AN
PR iR By o2

FAET | HTIHUEB)Z, e il
IKIF TN IRES I ka5, SRR

2 PRERREILLE

3 RGUEEREH, nCo,

5 PEBIRHEOR

KT SR AT
6 EMILE NEM. A28 BiERE
7 B PRV B A
S e TR SO I M 2S5, Sy
8 JRIFETEMImGE TFA %
9 IJFRRILIER PR AE

N BRI, RN PR e

PEAT AR IFR- R - AR 3 4 S

v SN, BT RCT £ 5
HH AR B 2 B T B R ki
J J J o
fbE it
, , ST | B, B AR =R
P e
J J SR b+ R T
J AT A R R
J U AT R, BAK

XIIFRE A —RE BOR, BEAKR, X ES5HRIE
BRI BCRAHRIE

F6 MHUKEEHFLESTERAYRREEIY

Table 6 Suggestions for comprehensive anti-corrosion, anti-scaling and anti-blocking in geothermal water reinjection wells

I W Wz P

~ N, o B T 2T, 3 RO RN,
FEL PR R R R R i

FE2 RERIEDR 2 R 2 e jfﬁg’z’f B LR, SERA N
FEy BB R R PR TR . T2 Wi 2, T

LS Al R B A ]

TR P 24 o5 T K fiE

T T T AL - JE R iz A EFF RSO REIE
4 g mg/L, HCO; % 7 0.69x10° ~ 2.82x10° mg/L, M AMAE &

(1) VG 77 b DX b 0K e BRI AG 2 F2 P AR 2 & -
BT RS2 PR IR R, B HOUKEA K g
VGBS T VM SRS . Ca¥ il 24.04 ~ 549.55

/O EOTE T, pH 2 2 5500, PR i e R 1
R 7E 1.85%10° ~ 4.80x10" mg/L, £ % SO, Cl—Na 7K

hae 3
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(2) 38 3 7 ) 5 gk V3 3 A0 A A0 4 50k T 45 31
(] 9 3 TP 2 B A R RS T KUK, B 45 oK 22
WA, [T 3 0 v 4 4R R Y R : 8401 > DR200S Ji >
DR2016 > DR2016 J5i . DR2007 > DR2005 > 24 T 5%, 8401
B R &5 Y5 7] 3k 380 mg/L; # )2, 245 £ R 5 DR2005
SRR B R e 22, 1 LIRA BT S5 35 B K nl 3k 177.57
mg/L, X4 [F]J# K 55 1 ORI, 25 3 X
B — N

(3) HE ISR By 38 B 35 +45 61 B S + R 2 R L &R
25 15 H B 35+ b By J8 +Im] 2 0 R | i 17 94 B A
B JE8 -+ J2 3 2R 55 Ml AR K [l E S B J By 315 7 46 7 ik
AT A 3 G ] 0 el e o %) ol 35 0 )
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