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Study on test method of karstification process: Take the development of
karstification instrument as an example

FANG Yu', JIANG Zhongcheng’, ZHANG Wei', ZHANG Cheng’
( 1. China University of Geosciences, Wuhan, Hubei 430074, China; 2. Institute of Karst Geology, CAGS/Key Laboratory of
Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004, China )

Abstract In recent years, with the construction of national economy and the need to achieve the "double carbon
goal", a large number of increasingly complex problems on karst science have been encountered, which need to be
solved by simulating the process of karst action in different geological environment conditions. In the past, karst
simulation was mainly carried out under normal temperature, normal pressure and certain pH conditions to determine
the basic characteristics of karst and parameters such as the rate of karst, which could not effectively simulate karst
under different geological conditions. Therefore, a comprehensive set of instruments for simulating karst action under
different geological environmental conditions (e.g., ambient temperature of 0-70 °C, subsurface depth of 200 m,
different CO, origins and different saturation levels, etc.) is needed to solve a series of scientific problems such as karst
dissolution and sedimentation in different geological environmental contexts. Based on the principle of karstification,
this paper defines the functions and parameters of the instrument by analyzing the geological environment conditions
of different CO, origins, karst development depths, different pH conditions and groundwater circulation depths. Based
on the requirement of the karstification instrument, the parameters and modules of karstification instrument have been
designed according to the instrument functions, karstification control factors and karstification principle. After the
design of each part and the overall development of the instrument were completed, a verification test was carried out to
illustrate the feasibility of the instrument. Finally, the following results are obtained. (1) Four karstification models are
proposed, i.e., the origin of CO, in the supergene zone—the shallow circulation karstification model of groundwater;
CO, origin of supergene zone——cyclic karstification model of groundwater depth; the origin of CO, in the deep—the
model of karst process of groundwater depth circulation; and the mode of groundwater circulation karstification under
the biological action of supergene zone (such as the change of pH value of humic acid). (2) According to the basic
principle of karstification and the four models of karstification, five karstification function modules are developed, CO,
(pH) solution function module of different geological environment origins, water circulation depth module,
environmental background temperature module, dissolution module and sedimentation module. (3) The internal
relationship between functional modules and karstification together with the combination principle of functional
modules has been summarized and analyzed to provide karstification tests under different geological environment

conditions. Finally, according to the principle of karstification, taking the computer as the basic control unit, the test
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parameters of different functional modules have been monitored by sensors and controlled by PLC, and the functional
modules have been organically connected and controlled to meet the requirement of fully automatic karstification tests
under different geological environment conditions.

Basic parameters of karstification instrument are listed as follows: (1) simulated groundwater circulation depth of
0-200 m; (2) ambient background temperature of 0-70 °C; (3) CO, origins —supergene origin Pco,=0.0 MPa and
endogenous origin Pco,=0.0-2.0 MPa; (4) different acidity background conditions —pH wvalue is controllable;
(5) sedimentation that can be controlled under different flow velocities; (6) sedimentation of the opening degree of
karst fissures (can be combined).

However, due to the limitations of time and cost, the instrument can be further improved. For example, in order to
improve the preparation efficiency of saturated CO, solution, the contact area between CO, and water can be increased.
A dual solution preparation system can be designed to prepare the solution so that the efficiency of the test can be
increased. The maximum safe pressure of this instrument is 2 MPa (water circulation depth of 200 m). If a simulation
of a greater water circulation depth is needed, the thickness of stainless-steel materials for solution preparation,
dissolution reaction kettle and deposition reactor (meeting the requirements of high-pressure vessel specifications) can

be increased, and a pressure pump with a larger pressure rise will be used.

Key words Kkarstification instrument, simulation of karstification process, solution preparation device, karst

sedimentary apparatus, geological environment background
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decrease in Ca and Mg concentrations of the river water indicated that the precipitation of calcite, aragonite and
dolomite might occur. For the dissolution in the seawater collected from Guangxi Beihai, the seawater was always
saturated or oversaturated with calcite, aragonite, dolomite and magnesite, and the SI values decreased slowly at the
beginning and then increased slowly after 720 hours, and finally repectively reached 0.84-1.06, 0.65-0.88, 2.40-2.95
and 0.60-0.76 after 2,640 hours. For the dissolution in the groundwater collected from Guilin Yanshan, the
groundwater was always oversaturated or saturated with calcite and aragonite, while it was always saturated or
undersaturated with dolomite and magnesite. The SI values decreased slowly at the beginning, then increased slowly
after 720 hours, and finally reached 0.14-0.22, —0.06-0.02, —0.25-—0.03 and —1.36-—1.26, respectively after 2,640
hours. For the dissolution in the groundwater collected from Guilin Yaji, the groundwater was always oversaturated or
saturated with calcite and aragonite, while it was always saturated or undersaturated with dolomite and magnesite. The
SI values decreased slowly at the beginning and then increased slowly after 12 to 48 hours, but decreased slightly once
again to a steady state after 480 hours and respectively reached 0.20-0.35, 0.02-0.15, —0.17--0.04 and —1.50-—1.32
after 2,640 hours. The results further illustrate the significant influence of the water environment on calcite dissolution

and can provide a reference for the geochemical simulation of karst geological processes.

Key words calcite, dissolution, solubility product, Gibbs free energy of formation
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