Fluid circulation in the geothermal field of Tianjin (northeastern China)
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Tianjin geological map below Tertiary.
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Producing wells

The Tianjin geothermal field is a typical low-enthalpy liquid-dominated convective system hosted in sedimentary formations, where
maximum gradients are located in the “Cangxian” structural high of the pre-Tertiary formations around the city of Tianjin.
According to the temperature profiles at depth shown, it is evident that there are only few wells where the thermal gradient is higher (up
to 6 °C/100 m: # 16 and 30) than the average Earth crustal gradient (about 3.3 °C m-2), and that most wells have actually even lower thermal
gradients (the lowest in well # 21: 2 °C m-2). In particular, based on the temperatures measured in wells bottoming in the Tertiary and the
Quaternary formations (# 1, 4, 8, 10, 12, 13, 14 and 15) the average shallow thermal gradient in the coastal area investigated in eastern China
seems to be less than 3 °C m-2. According to this finding, the Tianjing geothermal field must be considered as an excellent example of
exploitation of a natural energy resource in a crust characterized by “ordinary” thermal flow.

Reinjection wells

The diagram on the top left is the classic Langelier-Ludwig (1942) classifying diagram for waters. It shows that
most samples from the Tertiary and the Quaternary sedimentary formations have salinity lower than 1000
mg/kg and have a prevalent Na-HCO3 composition. Samples from the underlying pre-Tertiary formations have
higher salinity (even more than 2000 mg/L) and a Na-Cl prevalent composition, with a marked Na-HCO 3
component. With respect to the remaining similar samples two shallow water samples (<200 m deep: # 1 (DKJ)
and 2 (SH)) in the Quaternary sediments have Na-Cl composition, with higher salinity (up to 2000 mg/L). One
sample from the Ordovician unit (# 20; NK14) has an anomalous prevalent Ca-SO4 composition with quite high
salinity (4700 mg/L).
The Na-Cl diagram on the top right shows that all samples, including the anomalous Ca-SO4 sample # 20,
are aligned along a line having similar Cl/Na ratio, but very different from those representing the ratio of
seawater mixing (R=1.2) and the dissolution of halite (R=1), respectively. They are clearly clustered into two
main groups, with different salinity: one including samples from the Tertiary and the Quaternary formations, the
second including all samples from the underlying producing pre-Tertiary horizons. The distribution of the
sample along a line having similar Na/Cl ratio suggests possible dilution and/or mixing between the two groups
(or end-members).
In terms of water-rock interaction the log(Na/K)-temperature diagram at the bottom left (after Fournier
1991) indicates that these two important elements do not simply derive from any reasonable primary (albite and
K-feldspar) or alteration (Na and K-montmorillonites) mineral assemblages, and also that their concentration is
not simply due to mixing with ocean-type waters. This diagram is anyway able to show how different the waters
hosted in the Tertiary and the Quaternary formations are, with respect to those hosted in the underlying
formations, and that a couple of samples (# 23 and 34) do not belong to the Tertiary-Quaternary aquifer(s) even
if they are located in the same formations, as already suggested by the Na-Cl diagram.
Finally, the Na/K vs. depth diagram gives the final interpretation of the main alkaline components in liquid
phase, as follows. The two aquifers envisaged in the previous figures, having very different Na/K ratios, are
present in the Tertiary-Quaternary formations and in the underlying pre-Tertiary formations, respectively. The
one hosted in the Tertiary-Quaternary is present in depth up to 2500 m, whereas the one producing from the
underlying formations rises up to 1000 m in the Tianjin structural high. There seem to be only a reduced mixing
tendency of waters hosted in the Tertiary aquifer into the deeper pre-Tertiary aquifer and, this tendency, is
anyway suggested by the upside bended arrow (bottom right).

Calcite saturation index

Conclusions:

All Tianjin samples are very well aligned along the line
connecting the position of ASW and a gas formed in the
crust (high radiogenic helium-4), although a little bit shifted
with respect to the theoretical line reported at the base of
the grey triangle. This position of samples suggests that the
dissolved gas in the Tianjin water samples strictly derives
from the exsolution of air-saturated waters and that there
are no other sources of N2, but air. The N2/Ar ratio indeed
resembles that of ASW (about 38). Nevertheless, in all gas
samples there is a certain quantity of CO2 of deep origin
that, in some wells, is even up to 100% (# 16, 23).

Quartz saturation index

plugging by carbonates is very unlikely because of low
pCO2 in solution
➢
plugging by quartz or silica is theoretically possbile
where reinjection is carried out in low-Temperature wells
➢ plugging by iron and zinc hydroxides is possible and,
although rather uncommon in geothermal systems, it is
probably the main cause of reinjection problems
➢ physical plugging cannot be ruled out but it is largeley
unquantified
➢

CO2 degassing, the low pCO2 and the ioncreased solubility
of CO2 at lower temperature make reinjected solutions
unsaturated with respect to carbonates.

Quartz saturation is the real problem. Opposite to carbonates
quartz saturation index strongly increases with decreasing
temperature.

