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Abstract: This paper is the result of geothermal survey engineering.

[Objective] Xining area is rich in medium and low temperature geothermal resources, but the high salinity and strong corrosion of
geothermal water limit the efficient development of geothermal energy. The proposed safe, economic and effective comprehensive
well bucket anticorrosion measures are the basis and key to the effective utilization of high salinity geothermal resources. [Methods]
In this study, the typical geothermal water in Xining area was collected, and the ionic composition and content of corrosive bacteria
were tested. The high— temperature and high— pressure reactor was used to carry out metal plate corrosion tests to evaluate the
corrosion performance of geothermal water on different steels under typical wellbore conditions. The corrosion type and the
relationship between the corrosion rate and the influencing factors was analyzed. Finally, the anti— corrosion measures for
geothermal water reinjection were proposed. [Results] The main corrosion components in geothermal water are Cl°, SO,*", H™ and
dissolved oxygen, which cause uniform corrosion, platform corrosion and a small amount of pitting corrosion. The main corrosion
products are FeO(OH) and Fe;O.; the corrosion rate along the wellbore gradually increases, and the corrosion risk at bottom hole is
the greatest. In addition, the corrosion rate has a greater correlation with the geothermal water properties, P— T condition, flow speed
and dissolved oxygen mixed into wellbore. [Conclusions] By fitting carbon steel corrosion experiment data, an empirical equation is
established. The predicted value obtained by using the empirical equation is in good agreement with the experimental value. Safe,
cost—effective and comprehensive wellbore anti— corrosion measures can be taken from the perspective of anti— corrosion pipes,

reinjection geothermal water pretreatment, reinjection process parameters.

Key words: geothermal water reinjection; metal plate test; corrosion rate; oxygen corrosion; anticorrosive measures; geothermal
survey engineering

Highlights: Screening typical geothermal water samples in Xining area were carried out metal hanging plate corrosion experiments.
We systematically evaluated the corrosion types, corrosion rules and influencing factors of geothermal water, revealed the corrosion
risk of steel under the condition of recharging shaft in open environment, and further referred to the formula form of Norsok model.
A new equation of corrosion rate of carbon steel in geothermal water containing oxygen was obtained, which can be used to predict
corrosion rate of carbon steel in geothermal water environment. Finally, a new idea of wellbore corrosion protection in geothermal
well recharge in this area was put forward, which provides a reference for wellbore corrosion protection in high salinity geothermal
well recharge in similar areas.
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Fig.1 Hot spring and geothermal wells and sampling distribution map in the study area
Pt,—Paleoproterozoic Schist; K,#—Cretaceous Hekou Group sandstone; E;m—Paleogene Mahalagou Formation sandstone;

Nx—Neogene Xiejia Formation sandstone; Q;Z'—Late Pleistocene wind—blown loess
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Table 1 Water quality analysis results of typical geothermal water samples in Xining area

T H/(mg/L) DR2005 DR2007 DR2016 HERGR 8401 DR2005 i DR2016
K 65.81 48.74 80.69 18.22 4.63 124 87.4
Na' 1182 16577.27  15109.09 3648 20.11 11100 12620
Ca*" 24.04 425.55 549.55 4136 317.4 270.1 418
Mgt 8.21 140 176.11 19.36 93.69 783 149
Ba®' 0.13 <0.02 0.25 <0.02 / 0.05 /

S’ 0.37 13.83 48.15 2.97 / 6.1 257
HCOy 2810.46 696.97 753.37 2818.45 1313.58 1414 687
CO¥ 0 25.42 0 64.71 0 0 0
Cr 39.97 9359.19 22634.66 1215.01 7.52 6983 19400
SO,» 146.66 20654.24 1224.17 4158.47 45.43 14200 1171
it 85 CO, 10.81 0 14.19 0 30.77 16.7
pH 7.4 8.41 72 8.34 6.68 7.56 8.08
WALRE 4344.86 48004.01  40585.95 12036 1852.95 34200 34358
KA HCO,-Na  SO,-CI-Na  Cl-Na SO, HCO,—Na HCO:-Ca SO.-CI-Na  Cl-Na
EALIEEEQ0| 0.09 60.51 53.36 2.61 0.05 21.17 50.37
T IKREIS G AOIE AT e

K2R 7R F R R B IRS,2015; B —
TKAE,2022) o HB TR ORI JE A S RBRAL B R
K, T HOK BHES 71 DL Na® 5 4a X0, 99 857U
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Fig.2 Piper map of hydrochemistry in the typical geothermal
well of Xining Basin
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Table 2 Chemical composition of metal coupons (%)

GAkz) C Si Mn P S Cr Ni Mo \Y Al Cu

J55 0.31 0.27 1.38 <0.028  =<0.028 <0.25 <0.25 / / / /

N80 0.24 0.22 1.19 0.013 0.004 0.036 0.0028 0.021 / / <0.019
P110 0.26 0.20 1.40 0.009 0.003 0.150 0.012 0.010 / / <0.010

13Cr 0.2 0.39 0.4 0.027 0.001 13.20 0.14 0.02 0.08 0.004 0.01

304 0.035 0.51 1.18 0.035 0.029 17.58 8.01 / / / /

316 <0.08 <1.00 <2.00 <0.035 <0.030 16-18.5 10-14 2-3 / / /

1 . 7KEE . DR2007 .DR2016 . DR2005 . 25 T 53¢ . 8401 %5 5 Fh ELSHb UK o 44K 400 HF 99.9%N,
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Fig.3 High temperature and high pressure corrosion stirred reactor (a—Physical drawing, b—Schematic drawing)
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Table 3 Experimental scheme for evaluating corrosion performance of geothermal water in wellbore
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DR2007.DR2016.,
1 % 20 et #ik DR2005.Z5 TSR 6Fh PimE 2L
8401
DR2007.DR2016.
2 Gigis 69 5, ik DR2005.Z5F % 6k FH &4t
8401
DR2007.DR2016
3 12 57 %qjimﬂ(%%ﬁ’ 200 DR2005.Z 5.  6ff IR
KN AR
8401
4 4/8/12/16  32/44/57/69 SRR, AL 200 H i DR2005Y 6 BRI, KRR 400 m,
800 m, 1200 m, 1600 m
5 12 57 AR AR 0, 400 il DR2005Y 6 Fif Lt
AT BN,
6 12 57 Z%54¥ £ 0.5 MPa 200 A i DR2005Y 6Fh sl

CO,%) £ 0.5 MPa

http://geochina.cgs.gov.cn FE LT, 2023, 50(6)



1684 i 5|

b, Ji 2023 4F

0.06

(a) @55 ENSO WPI110  [DI3Cr M304 W316

0.1 MPa +20°C
0.05 _

= 0.02
0.01
0.00 LI 0 '
Dr2007 Dr2016 YWQ Dr205 8401
0.10
0.09 (5 0.1 MPa + 69°C

Dr2007

(©

Dr2016 Dr205 8401

12 MPa+ 57°C

0.35

4 #%/(mm/a)
o
[3e]
W

J& ol

Dr2007

Dr2016 YWQ Dr205 8401

(&1 4 ARl e A5 AN TRT AR 4 T e 0 ol
Fig.4 The corrosion rates of metal plates in geothermal water
are different under different temperature and pressure
conditions
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Fig.5 The relationship between the corrosion rate of different metal plates and the salinity (a) and pH (b) of geothermal water

X} 12 MPa,57°C 4~ NSO HEF 7F 8401 ik
H R JE O SR A T R RO, %o g ol ™= A 20
HEATRETE (EDS) DL X SHEAT 3 70T (XRD) , 25 5%
W 7R TERFBORE AT E H (E7) 754 )R
FLARFTIE T LA R BAA = I LA B SR e ) 3
BN, e BN PRI A Ay, RIS
5 T R ok e RS AR ST, TE W A
fro ARG ., (R BB AFAE— 5 1 s P, 3
AlBERE Tk CL SO 15 4 I8 SRy BB i A 24 2 )%
BF, (50 4 J SR aE Ak T P A T s ik, BRI A s
BTE el e TR T O T R ik =2 5 ok B AR

J& Ik, A D B S B o FEJE Tk = ) e
fif b, Fe O JGZ 4051 i 47.35%.24.33%, MGkt
) ==, AR R A CLUC R ENIE 1 CL7E R
BSOS AR . N XRD 0T Hh ] 45 31 g k=
Y ¥ B 41 5 y— FeO(OH) . NaCl , B— FeO(OH) , Fe,O,
%, Hop y—FeO(OH) L) J B—FeO(OH) M LK 4, 1]
IS8 T b = W B B AA T 43 2EL A, 11T FesO. ok
SR SR JE il P R e SR A i SR LR A, TR
SRR ER

ZE Ak R R K Bl R e [l
FEETAEAE T T JXURS: , $th R b A 35 B8 il b

0.1 MPa, 20°C, 10K

0.1 MPa, 69°C, 10K

12 MPa, 57°C, 200 rpm, 10X

ZER
Yaowang Spring

%ER
Yaowang Spring

8401

Jss wam PHs sl v

SR 8401

8401 Yaowang Spring

16 SRk ok MR BB K 4 TR I =k (L2545 K2 8401 itk o )
Fig.6 The color of the geothermal water sample and the corrosion pattern of the metal hanging sheet after the experiment (Take
Yawang Spring and 8401 Geothermal water as example)
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