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ABSTRACT

ABSTRACT

Seawater intrusion has currently become one of major resource, environment and
ecology problems in the world. It not only threatens the resource of our rare fresh
groundwater and does considerable harm to the health and life of human own, but also
destroys the ecological balance and prohibits the entire society from constantly
developing forwards. Since the 1980s, the over-exploitation of groundwater has
brought about the seawater intrusion problem which has resulted in groundwater
quality’s salting and deteriorating, pumping wells’ scraping, soil salinization and other
secondary environmental geological hazards. Up to the present, seawater intrusion
causing Qinhuangdao region a series of life and property losses has severely restricted
the sustainable development of local economy and further improvement for quality of
human life. Now, it is high time to develop further research for spatial and temporal
distribution and formation mechanism of seawater intrusion, because the research
work can actually provide government regulators with scientific proofs for protecting
and controlling the seawater intrusion problem and promoting the management of
utilizing and protecting the precious fresh groundwater.

Study on space-time evolution of salt-fresh water interface and solution transport
in transition zone are the key scientific problems of seawater intrusion research. Yang
Dai River plain involving scopes from Gaozhuang village to Yang River estuary is
taken as a typical study area. For conducting this research, twenty-nine samples were
collected and analyzed for major ionic composition, 5D and §'°0, and the massive
literatures were reviewed in this study. After analyzing the conditions of physical
geography, stratum, geological structure and hydrogeology, the mathematical statistics
and fuzzy mathematics methods were used together to evaluate the spatial distribution
of seawater intrusion and illustrate the corresponding water supply significances of
groundwater with various seawater intrusion degrees in the meantime. Furthermore,

integrating the fields of groundwater flow, water chemistry, water temperature and
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ABSTRACT

electrical conductivity were applied to indicate the groundwater formation and
interactions among various water bodies and demonstrate the hydrogeochemical
characteristic and forming processes in study area. Finally, the conceptual model of
groundwater flow system was established to discuss the evolution of salt-fresh water
interface and solution transport pattern in transition zone. The principal conclusions in
this study can be drawn as follows:

(1) Intrusion through riverbed and alluvial aquifer located between Yang River and
Dai River is the primary seawater intrusion mode. The dynamic of seawater intrusion
dominated by changes of groundwater level and tidal height within a year reveals a
regular seasonal intrusion mode.

(2) According to the correlation between water chemical components or indicators
and chloride concentration, CI’, electronic conductivity (E£C), total dissolved solids
(TDS) and potential salinity are selected for the indicators for seawater intrusion,
which were used to build up corresponding index system of seawater intrusion
evaluation. The mathematical statistics and fuzzy mathematics methods were
combined to evaluate the spatial distribution of seawater intrusion and illustrate the
corresponding water supply significances of groundwater identified as different
seawater intrusion degrees. The research result shows as follows. That the
groundwater samples identified seawater intrusion degree as rank II and rank III make
up 74% of all reveals the seawater intrusion degree of study area belongs to the
medium level on a whole. The seawater intrusion degree of the alluvial aquifers in Pu
River region is highest. The higher the seawater intrusion degree, the worse the water
quality, and the more disadvantageous for human body, agricultural irrigation and
industrial production.

(3) Choose Tianjin precipitation isotopes observation station in GNIP as a reference
site for study area, and discusses isotopic effects of precipitation and establish the
Local Meteoric Water Line (LMWL). Chloride ion, deuterium and oxygen-18 were
applied to indicate the formation of surface water and groundwater and the
interactions among various water bodies. The result is provided as follows. The
changes of precipitation isotopes in Tianjin observation station is simultaneously

XII



ABSTRACT

controlled by precipitation amount effect and temperature effect. Based on the data of
isotopic composition in precipitation, the Local Meteoric Water Line can be
calculated as 6D=6.576"°0+0.31. The surface water mainly derived from the reservoir
water located in upstream of Yan River and the precipitation during high flow period.
The groundwater in hilly land are primarily recharged by precipitation, and the
groundwater in proluvial fan and piedmont experienced varying evaporation, which is
not only recharged by groundwater from hilly land aquifer, but also mixed with Yang
River reservoir water. In the western saline groundwater region lieing in southeast
Gaozhuang, the groundwater is composed of about 87% groundwater from upstream
and 13% geothermal salt water distributed around Da Ni River. In the eastern saline
groundwater region lieing in southeast Gaozhuang, the groundwater is mainly
composed of the groundwater from upstream and the local sewage, wherein the
mixing ratio of geothermal water is up to 9%. In the seawater intrusion region of Yan
Dai River plain, the groundwater is mainly constituted of local fresh groundwater and
seawater mixing ratio of which is up to 10%, which is also varyingly recharged by
surface water and irrigation water, especially in the place near Pu River region where
recharge of agricultural irrigation is quite conspicuous.

(4) Analyze the spatial distribution of hydrochemical characteristic of groundwater
and discuss the formation and salt origin of groundwater in the saline groundwater
zone located in the seawater intrusion area and the southeastern Gaozhuang. The
result can be showed below. The spatial distribution of hydrochemical types and
characteristics of groundwater reveals as an obvious spatial zoning pattern. In the
hilly land and proluvial fan, 7DS of groundwater is less than 1g/L, the hydrochemical
type is primarily dominated by CI-Ca or Cl*HCOs-Ca, and the salt of groundwater
mainly derives from precipitation, lixiviation and domestic sewage. In the saline
groundwater region located in the southeastern Gaozhuang, 7DS of groundwater is
generally less than 1g/L, and groundwater quality of deep layer in the aquifer shows
even worse. In the western saline groundwater zone, that the groundwater
hydrochemical type of which is dominated by Cl-Ca<Na is identified as pretty high Li
and Sr concentration and very low Mg/Cl and SO4/CI implies the salt of groundwater
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