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Method for Measuring pH and Alkalinity of High-Pressure Fluid Samples
: Evaluation through Artificial Samples
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ABSTRACT

As part of monitoring technology aimed at verifying the stability of CO, geologic storage and mitigating concerns about
leakage, a method for measuring the pH and alkalinity of high-pressure fluid samples was established to obtain practical
technology. pH measurement for high-pressure samples utilized a high-pressure pH electrode, and alkalinity was measured
using the Gran titration method for samples collected with a piston cylinder sampler (PCS). Experimental samples,
referencing CO,-rich water and CO, geologic storage studies, were prepared in the laboratory. The PCS controls the
piston, preventing CO, degassing and maintaining fluid pressure, allowing mixing with KOH to fix dissolved CO,. Results
showed a 6.1% average error in high-pressure pH measurement. PCS use for sample collection maintained pressure,
preventing CO, degassing. However, PCS-collected sample alkalinity measurements had larger errors than non-PCS
measurements, limiting PCS practicality in monitoring field settings. Nevertheless, PCS could find utility in pre-
processing for carbon isotope analysis and other applications. This research not only contributes to the field of CCS
monitoring but also suggests potential applications in studies related to natural analogs of CCS, CO,-rock interaction
experiments, core flooding experiments, and beyond.
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Fig. 1. Schematic diagram of transmitter, pH and reference
electrode. The electrode must be calibrated before measurement
and stored in the appropriate storage solution.
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Fig. 2. Schematic diagram of the process for measuring the pH and alkalinity of ACW. G: Pressure gauge, PCS: piston cylinder sampler,
CP: CO, syringe pump, BP: back pressure pump, V: valves(V4-6-7: 2-way valves, V1-2-:3-8-9-10: 3-way valves, V5: screw-type valve.).
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Table 1. Comparison of the pH predicted by PHREEQC and measured using high-pressure pH electrode

Sample Sample Vol. Temp. (°C) pH Error (%)
No. (mL) Measured Calculated Measured
ACWg 1-1 200 23.3 5.23 5.59 (5.96) 6.9
ACWy 12 150 22.5 5.23 548 (5.97) 4.8
ACWg 2-1 200 21.8 5.22 5.51 (5.99) 5.6
ACWg 2-2 200 22.6 522 5.67 8.6
ACWg 3-1 200 22.7 522 5.62 7.7
ACWy 3-2 200 23.1 522 5.63 7.9
ACW,y 4-1 295 23.0 8.26 7.70 (7.14) 6.8
ACWy; 4-2 295 23.0 8.26 7.78 (7.06) 5.8
ACWy 4-3 295 23.0 8.26 7.92 (6.90) 4.1
ACWy 4-4 295 23.0 8.26 8.01 (6.80) 3.0

Error (%) = |Calculated—Measured| 100(%)
| Calculated |

(): The pH of ACW that exposed to atmospheric pressure after being pressurized.

ko olfi= ACW\Q pH7F =7] wlio|th. ACWSt
ACWy 1%t pH 24 2218-2] HH-S 6.1( 1.8)%°]T}.
Table 19= Gran 39 %7] pH =2 &3 ot Y
EliSiTh ol 1%t A ASE 7l =Fst] A
oANx SAT Frolth. ACWiel 4% HachA k] pH A=
o7 =39, ACWyS Mettler Toledo AF2] pH &
Fo= —i—é 3FATE ACWK2] 735 5.96~5.992 ==
o AR 5.22~5.23 HT} 0.73~0.77 =2 #HOZ, 3
¢ pH =02 SAE ol vlsid o =4 Uelsith
o= ACWKETH CO, @717} BAEle] pH7} ol
Aoz wotE 3 ACW,S] A5 6.80~7.142 ALk
Froll HIsted 1.12~1.46 WA YERTE o= 1% pH A
o7 =H¥ gl vgl] 0.56~1.21 B S Froloh

o= ti7] T Cost AlEE fYE dv= wdEn
T A AlRC] pHE IbIA ti71ek 5T e &
& AIRE el wstshe Aowr) gadict. whEb aisk
pH =74 FA7F o Agsitiar & 4= 9loh

32. Q28| =X A1}

ACWiSH ACWy©] ¥ZE|E 24 A%E Table 201
VERARITE. Fig. 49 Gran 27gH 9] IS YERAL
O Gran PHE x Fol AhE Ae] 2y Folie
2kl F9E a1eldk HOl29 E((Vaamplet Vacia) * 107
£ EAlEl] Gl adshs 4] FulE ke W
o|th(Drever, 1997; Kim et al., 2019). Fig. 4914 A&
o] H' o]l gk s aa7F AR, H71ek Ake] 7

Table 2. Comparison of the alkalinity predicted by PHREEQC and experimentally measured using Gran titration

Sample Alkalinity (meq/L) Error (%)
No. Calculated Measured
ACWy 1-1 33.07 30.54 7.7
ACWy 12 ‘;‘é“s 33.07 29.45 11.0
ACWg 2-1 32.47 31.73 2.3
ACWy 2-2 336.57 (32.41) 315.64 (0.93) 6.2
ACWyg 3-1 PCS 336.50 (32.38) 314.88 (-0.18) 6.4
ACWy 3-2 336.48 (32.38) 310.53 (-6.53) 7.7
ACW,; 4-1 1.30 1.25 3.8
ACWy 4-2 non- 1.30 1.27 2.5
ACWy 4-3 PCS 1.30 1.23 4.9
ACWy 4-4 1.30 1.23 53

|Calculated— Measured| 100(%)

Error (%) =
| Calculated

( ): The alkalinity obtained by subtracting of KOH using equation 1.
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