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With the rapid economic development in North China, the demand for geothermal
energy is increasing. It is urgent to find favorable deep geothermal resource targets in
North China. Although geothermal resources in the North China Plain are widely
distributed, inorder todevelopdeepgeothermal resources inNorthChina safely, stably
and efficiently, it is essential to carry out the target selection and evaluation of
geothermal resource zoning. This article takes the typical geothermal fields in the
central Hebei region as the research object, and through the comprehensive collation
of regional geothermal geological data, constructs anoptimization evaluation indicator
system for geothermal resource target areas from three aspects: resource conditions,
mining potential, and heating demand. On this basis, it establishes a linear relationship
between the attribute values and scores of each indicator, and uses the analytic
hierarchy process to assignweights to each indicator and calculate the comprehensive
weight. Then, the comprehensive evaluation value is obtained by weighted calculation
of the scores andcomprehensiveweightsof eachblock in thegrid segmentationof the
evaluation area. Finally, through the spatial analysis function of GIS, the comprehensive
evaluation values of all blocks in the evaluation area were analyzed using kriging
difference analysis, and a comprehensive evaluation map, the geothermal resource
prospective target areamap, was finally obtained. Using quantitative zoning evaluation
methods, the target areas for exploration and development of deep geothermal
resources in central Hebei Province have been delineated within a large region.
The evaluation results indicate that the Cambrian-Ordovician reservoir target area
is relatively large, and there are many favorable target areas with good reservoir
conditions in the Middle-Upper Proterozoic. The excellent prospective target area of
the Mesoproterozoic geothermal reservoir accounts for 56%, mainly located in the
Xingji uplift andGaoyang lowuplift. Xiong’anNewArea,Cangzhou, and theeastern part
of Hengshui are excellent prospective target areas for the evaluation of the
Mesoproterozoic geothermal reservoir in a single area. This evaluation method can
provide a reference for the optimization of resource exploration and development
target areas in key regions.
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1 Introduction

As a kind of renewable green energy, the geothermal energy is
abundant, stable and safe. China’s geothermal property has made
rapid development, with the“Double carbon” target, geothermal
energy in the adjustment of the role of a significant increase in
the energy structure. By the end of 2020, China’s geothermal
utilization is equivalent to about 40 million tons of standard coal,
which is only 4.5% of non-fossil energy, and available space is very
large.The deep geothermal heating area is up to 580 million square
meters (Wang D. et al., 2022).The geothermal resources in the North
China plain are widely distributed. With the rapid development of
the capital economic circle, the demand for geothermal energy is
increasing, and the North China Plain has become one of the most
important mid-deep hydrothermal geothermal development zones
in China (Mao et al., 2020). Geothermal reservoirs of the clastic rock
pore type and carbonate rock karst cavern-fracture type are the main
types in this area. Three geothermal reservoir types are mainly
developed, including the Jixian Wumishan formation and
Gaoyuzhuang formation carbonate karst geothermal reservoir,
the Cambrian-Ordovician carbonate karst geothermal reservoir
and the Neogene sandstone geothermal reservoir (Mao et al.,
2020; Wang T. H. et al., 2022). The first two types of geothermal
reservoir development zones are mainly concentrated in Jizhong
depression, Cangxian uplift and the north-west area of Huanghua
depression and Linqing depression. The Neogene sandstone
geothermal reservoir development zones are mainly concentrated
in Jizhong Depression, Huanghua Depression, Jiyang Depression,
and Linqing Depression.

In recent years, with the increasing exploration and development of
geothermal resources, the predecessors have done a lot of work on the
zoning evaluation of medium-deep geothermal resources. In 1995,
Dunshi Yan, Yingtai Yu and others did a lot of work on the
geothermal distribution, type division, resource quantity calculation,
development and utilization evaluation of the Beijing Tianjin Hebei oil
and gas region (Yan and Yu, 2000). The current situation and potential
of development and utilization were analyzed (Wang et al., 2017a). Lin
et al. (2013) and Wang G. L. et al. (2020) used different evaluation
methods to evaluate the potential of shallow geothermal energy,
hydrothermal geothermal resources and dry hot rock resources for
different types of geothermal resources in China, and Wang G. L. et al.
(2020) analyzed the current situation and the economic and
environmental benefits of the geothermal resources development
and utilization. Pang et al. (2020) proposed an index system for
evaluating the mining conditions of deep geothermal energy,
assigned values to each single index by expert scoring, and then
quantitatively calculated and evaluated the developing difficulty of
deep geothermal energy resources by using fuzzy mathematics.
Wang (2019) selected the geothermal exploration target areabased
on the distribution characteristics of geothermal fields and
geothermal resources in Shandong Province and combined with
market conditions. Zhang et al. (2016a), Zhang et al. (2016b)
selected multiple evidence factors such as earthquake epicenter, fault,
Bouguer gravity anomaly, magnetic anomaly, intrusive rock and
terrestrial heat flow, to build a fuzzy logic model in a typical
geothermal site in Anatolia, Türkiye, and then apply it to the
geothermal potential evaluation of Fujian Province. Liu Z. M. et al.
(2022) constructed a evaluation system of 61 geological condition

indicators, including basic geological conditions, geological
environment elements, and geological resource elements, to evaluate
the urban geological conditions of Beijing. Based on the development
characteristics and utilization direction of geothermal resources in
bedrock in Shandong Province, Gao (2009) has established a
selection evaluation method based on resource and market
conditions. Li et al. (2018) established a site selection evaluation
index system based on the Analytic Hierarchy Process, which
includes four aspects: resources, technology, safety, and economy.
Feng and Cao (2007) predicted favorable areas for geothermal
resource development and utilization by studying the distribution of
geothermal anomalies, physical properties of thermal reservoirs, and
water yield. According to the project selection, project establishment,
construction and operation stages, Liu G. Y. et al. (2022) proposed a set
of evaluation system for hydrothermal geothermal resources in the
middle and deep layers of sedimentary basin. In 2018, Quinao and
Zarrouk, (2018) used the workflow of experimental design and response
surface methodology (ED and RSM) to study the Ngatamariki
geothermal field in New Zealand as an example. This method not
only solves the problem of multiple factors for sufficient testing of the
model, but also uses response surfaces for thousands of probabilistic
geothermal resource assessments. Ciriaco et al. (2020) improved the
workflow of experimental design (ED) and response surface
methodology (RSM) by using two-level and three-level full factors
and Box Behnken design, and established a proxy numerical model for
evaluating geothermal resources. In 2022, Ciriaco et al. (2022) also used
experimental design and response surface methodology to select
6 uncertain parameters, implemented Plasckett Burman design, and
established twelve versions of Wright reservoir models for uncertainty
quantification and geothermal resource evaluation.

The evaluation methods in these studies include resource
calculation, numerical simulation and comprehensive evaluation
based on physical indicators. Although there are many methods and
significant progress, they still remain based on the evaluation unit of
tectonic units, and there has been no quantitative evaluation research on
geothermal resources in the central region of Hebei in previous studies.
On the basis of previous research methods, this article uses GIS to
comprehensively evaluate the fusion of geothermal geological multi-
source information data, and uses the Krigingmethod to analyze the grid
division difference in the evaluation area, breaking through the previous
situation of using structural units as evaluation units; At the same time,
by using analytic hierarchy process (AHP), the index of deep geothermal
resources exploration and development zoning is quantified, and the
exploration and development target areas of deep geothermal resources
in central Hebei Province have been delineated on a large regional scale
through quantitative zoning evaluation method. The purpose is to
construct the zoning evaluation method for geothermal resources,
and to provide reference for the exploration and development of
middle-deep geothermal resources in key areas. In order to effectively
reduce the risk of geothermal resources development and provide a
reliable basis for the planning and management of geothermal resources
development and utilization.

2 Geologic setting

The central Hebei Province is located in the North China
Plain, where the Bohai Bay basin is extremely rich in geothermal
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resources. It is one of the important mid deep hydrothermal
geothermal development zones in China (Jiang et al., 2013).
North China plain is a typical alluvial plain with low and flat
terrain, sloping from the west to the east, and gradually lowering
from the Taihang Mountains to the Bohai Bay (Chen, 1988).
This area is mainly a huge Meso-Cenozoic depression, mostly
low-lying land and lacustrine marsh, with a sedimentary
thickness of 1,500–5000 m. It mainly develops three groups of
faults in NNE-NE direction, NW direction and near EW
direction (Liu et al., 2018; Zhang et al., 2023). The study area
can be divided into three secondary structural units: Jizhong
depression, Cangxian uplift and Huanghua depression
(Figure 1) (Qiu, 2004; Gong, 2011). The overall structural
pattern of NE-SW uplifts and depressions is presented. The
sedimentary layer of this area is thick and wide, which has been
formed a huge space for water and heat storage (Cai Y. H., 2004).
There are two types of the developed geothermal reservoirs at the
shallow depth of 4000 m in the study area: pore type and karst
fissure type. From shallow to deep, five major geothermal
reservoirs are mainly developed, including Minghuazhen
formation, Guantao formation, Dongying formation,
Cambrian-Ordovician and Middle-Upper Proterozoic (Wang
et al., 2017b). Because it is more susceptible to be heated by a
deep heat source, the temperature of deep bedrock geothermal
reservoirs are higher, which are mainly existed in the Lower
Paleozoic Cambrian-Ordovician and the Middle-Upper
Proterozoic carbonate karst cavern-fractured geothermal

reservoirs (Wang and Zhou, 1992). This study focuses on the
deep karst fracture-type geothermal reservoirs.

2.1 Cambrian-ordovician geothermal
reservoir

The Cambrian-Ordovician geothermal reservoir is mainly
distributed in the Cangxian uplift, and other scattered areas are
located near the boundary of the structural units, with a thickness of
600–800m (Figure 2) (Chen et al., 1994; Zhang et al., 2018; Li and
Zhang, (2018). Most of the buried depth of the Cambrian-Ordovician
geothermal reservoir is buried under the Cenozoic stratum, and its
developmental degree and the developmental thickness of the ancient
weathering crust are affected by lithology, basement structure and the
buried depth of the stratum, which is uneven. The roof interface of the
Cambrian-Ordovician geothermal reservoir is controlled by the
basement structure and fluctuates greatly. The degree of geothermal
reservoir development varies greatly due to different top cover layers.
The roof buried depth of the Cambrian-Ordovician geothermal reservoir
is 2000–3000 m in Anxin, Fucheng, Shenze, and Cangxian in central
Heibei (Chen et al., 1994; Liu et al., 2018). The proportion of reservoir
thickness to formation thickness is about 20%, with an average effective
porosity of about 3%. The water inflow of a single well is 150–1,500 m3/d
(Feng, 2018; Li et al., 2018). The temperature range in the middle of the
heat storage is 25°C–110°C, and the highest temperature area is located in
Gaoyang low swell, where the highest temperature is about 120°C.

FIGURE 1
Tectonic map of the study area.
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2.2 Middle-upper proterozoic geothermal
reservoir

In the Beijing-Tianjin-Hebei plainStudy area, the dolomite
carbonate rocks of the Jixian Wumishan formation and
Gaoyuzhuang formation mainly were deposited. After the
strong transformation in the later period, the karst fractures
are extremely developed, and it is one of the most important
geothermal reservoirs in the area. The geothermal reservoir is
mainly distributed in the north-west of the Beijing-Tianjin-
Hebei Plain, and the structural divisions include Jizhong
depression, Cangxian uplift, and Huanghua depression, with a
total thickness of 300–1000 m (Figure 2) (Chen et al., 1994;
Wang et al., 2017b). In Gaoyang, Cangxian, Xianxian, and other
areas in central Hebei, the overall burial depth is about
800–2000 m (Feng, 2018; Zhang et al., 2018). Due to the
different geological and structural conditions, the buried
depth of the geothermal reservoir is also different. Some are
exposed to the surface to form peaks, and some are buried deeper
than 3500 m. Karst fractures are developed and have good
connectivity. The thickness of the thermal reservoir accounts
for 25%–64.2% of the formation thickness, and the average
effective porosity of the geothermal reservoir is 3%–6%. The
water inflow of a single well is 400–1,500 m3/d (Feng, 2018; Li
et al., 2018).The geothermal reservoir temperature is generally
greater than 60°C, and the highest temperature area is located in
Niutuozhen swell, Xianxian swell, Dacheng swell and other
places, the maximum temperature is about 130°C (Wang
et al., 2017b; Feng, 2018).

3 Evaluation methods

Taking the central part of Hebei Province as an example, by
selecting scientific evaluation methods, the exploration and
development prospects of geothermal resources are divided into
zones, which provides reliable basis for the planning and
management of the middle and deep geothermal resources in
north China (Liu J. L. et al., 2019). On the basis of
comprehensive analysis of geothermal geological conditions in
the evaluation area, this paper draws lessons from the previous
technical evaluation experience of geothermal resources
development and utilization suitability zoning (Liu et al., 2006;
Xu C et al., 2009). The evaluation model of the analytic
hierarchy process (AHP) is used to realize the quantization of
division index (Liu et al., 2012).This method quantifies the
decision-maker’s experience and is more convenient to use when
the target factors are complex and lack of necessary data, so it is
widely used in practice (Guan et al., 2009). The specific analysis
process mainly includes the following steps (Figure 3).

① Constructing an indicator evaluation system: By thoroughly
understanding the geothermal geological background
conditions and development and utilization needs of the
study area, we will sort out and determine the evaluation
indicators at various levels, and construct an indicator
evaluation system.

② Assigning scores to each evaluation indicator: Based on the
actual range of attribute values for each indicator in the study
area, as well as relevant standards and experience, a grading

FIGURE 2
Thickness contour map of key areas in North China.
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system is established. For each grade, a score is assigned, and a
linear function is constructed between attribute values and
scores to obtain the corresponding score for different attribute
values.

③ Assigning weights to each evaluation indicator: Using the
analytic hierarchy process to assign weights to each level of
indicators and calculate the comprehensive weight value for
each weight.

④ Calculating the comprehensive evaluation value of the
evaluation area: Determine the evaluation scope of the
thermal reservoir in the study area, and perform equal-
area grid sectioning on the evaluation scope. Using the
method of multi-source information superposition, that is,
weighted calculation of the scores of all indicators in each
grid and the corresponding comprehensive weight values in
the evaluation area, the comprehensive evaluation value of
each block can be obtained.

⑤ Mapping through GIS analysis: Using the spatial analysis
function of GIS, the comprehensive evaluation values of each
block are analyzed and mapped using kriging method, and
areas with high scores are screened as prospective target areas
for geothermal resources.

3.1 The determination of evaluation
indicators

From the perspective of geothermal resource development,
the target area for geothermal resources should have resource
condition, development potential, and heating demand.
Considering these three aspects, areas with good resource

condition have abundant geothermal resources, high
temperatures, large reservoir porosit (fissure) ratio, and
reservoir effective thickness of the reservoir layer. Such areas
have strong water productivity, better connectivity, and stronger
heat conduction and water productivity. Areas with great
development potential have better effluent capacity, shallower
reservoir buried depth, and stronger economic development,
areas with higher heat mining coefficients have greater
development potential. Areas with high heating demand are a
crucial part of the evaluation of geothermal resource
development, which further strengthens the development and
utilization of geothermal resources. Hebei Province is an
important industrial province in China with relatively
concentrated carbon emissions. In 2020, the carbon emissions
were 794.18 million tons of carbon dioxide equivalent, ranking
third in the country in total emissions. Therefore, areas with
higher urbanization rate have a high demand for carbon
neutrality. Through the above considerations, we further
analyzed the geological background conditions and various
factors that may be involved in the division of geothermal
resources in central Hebei, summarized and classified the
indicator levels, and constructed an evaluation indidicator
system for the target area of geothermal resource development
in central Hebei (Figure 4; Table 1). The system includes three
primary evaluation indicators: the resource condition, the
development potential, the heating demand; nine second-level
evaluation indicators: the resources abundance, the reservoir
temperature, the reservoir fissure ratio, the reservoir effective
thickness, the water yield capacity, the reservoir buried depth, the
heat mining coefficient, the carbon reduction quantity, the
urbanization ratio.

FIGURE 3
Evaluation process of prospective target areas for geothermal resources.
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FIGURE 4
Evaluation system for prospective target areas of geothermal resource development.

TABLE 1 Grading evaluation table for evaluation indicators of prospective target areas for geothermal resources development.

First-level
indicators

Second-level
indicators

Level division

Excellent Good Medium Poor Extremely poor

Resource
condition (U1)

Abundance of
geothermal resources

(1013 kJ/km2)

Areas with excellent
geothermal resources

Areas with good
geothermal resources

Areas with Medium
geothermal resources

Areas with poor
geothermal resources

Areas with extremely
poor geothermal

resources

≥8.0 [4.3, 8.0) [2.8, 4.3) [0.5, 2.8) ≤0.5

Reservoir
temperature (°C)

High temperature
geothermal resources

Medium temperature
geothermal resources

Low temperature geothermal resources

Hot water Warm hot water cool water

≥110 [90, 110) [60, 90) [20, 60) <25

Reservoir porosity
(fissure) ratio (%)

Excellent mining area Good mining area Medium mining area Poor mining area Extremely poor mining
area

≥10 [6, 10) [3, 6) [1, 3) <1

Reservoir effective
thickness (m)

the area with very
strong water
abundance

the area with strong
water abundance

he area with medium
water abundance

the area with poor
water abundance

the area with extremely
poor water abundance

≥500 [250, 500) [180, 250) [10, 180) <10

Development
potential (U2)

Effluent
capacity (L/(s·m))

very strong water rich
area

strong water rich area medium water rich
area

weak water rich area very weak water rich
area

≥5 [2, 5) [0.2, 2) [0.1, 0.2) <0.1

Reservoir buried
depth (m)

the most economical
type

economical type relatively economic
type

economic risk type serious economic risk
type

≤1,000 (1,000, 2000] (2000, 3,000] (3,000, 4,000] >4,000

Heat mining
coefficient (%)

great exploitation
potential area

good exploitation
potential area

general exploitation
potential area

basic equilibrium area over exploitation
potential area

≤40 (40, 50] (50, 70] (70, 100] >100

Heating
Demand (U3)

Carbon reduction
quantity/1013kJ

excellent area of
carbon emission

reduction

good area of carbon
emission reduction

medium area of
carbon emission

reduction

relatively poor area of
carbon emission

reduction

poor area of carbon
emission reduction

≥500 [300, 500) [100, 300) [50, 100) <50

Urbanization rate (%) highly developed
regions

developed regions accelerated
development regions

developing regions starting development
regions

≥70 [60, 70) [50, 60) [40, 50) <40
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The abundance of geothermal resources (Ka): The calculation of
the geothermal resources abundance is the most important scientific
basis for the geothermal resources development and planning. This
paper mainly uses the reservoir method to calculate the quantity of
geothermal resources in accordance with the Code for Geological
Exploration of Geothermal Resources (GB 11615-2010). Due to the
uneven distribution of geothermal resources, the calculation of
geothermal resources quantity alone cannot represent the water
yield per unit area, so this paper further anchors the optimal target
area by calculating the abundance of geothermal resources. The
division of geothermal resource abundance (Ka) is mainly based on
the background value of the geothermal resource abundance in
central Hebei, which is divided into five levels.The Ka ≥ 8.0 ×
1013 kJ/km2 is the area with excellent geothermal resources, the Ka

within the range of 4.3 × 1013 kJ/km2–8 × 1013 kJ/km2 is the area with
good geothermal resources, the Ka within the range of 2.8 × 1013 kJ/
km2–4.3 × 1013 kJ/km2 is the area with medium geothermal
resources, the Ka within the range of 0.5 × 1013 kJ/km2–2.8 ×
1013 kJ/km2 is the area with poor geothermal resources, and when
the Ka <0.5 × 1013 kJ/km2 is the area with extremely poor
geothermal resources. The abundance of geothermal resources is
calculated according to the quantity of geothermal resources and the
area of reservoir. As follows:

Q � Crρr 1 − φ( )V T1 − T0( ) + Cwρwqw T1 − T0( ) (1)
Ka � Q/A (2)

Where Ka (1013 kJ/km2) is the abundance of geothermal resources,
Q (kJ) is the quantity of geothermal resources, Cr (kJ/kg°C)is specific
heat of heat storage rock, Cw (kJ/kg°C) 1is pecific heat of heat storage
water, ρr (kg/m

3) is density of rock, ρw (kg/m3) is density of water, φ
is thermal reservoir rock porosity (or fracture rate), qw (m3) is fluid
reserves (sum of static reserves and elastic reserves), T1 (°C) is
reservoir temperature, T0 (°C) is temperature of constant
temperature layer, V (m3) is reservoir volume, A (km2) is
reservoir distribution area.

The reservoir temperature (TZ): the reservoir temperature is an
important parameter to measure the geothermal field, and usually has a
certain corresponding relationship with the terrestrial heat flow and
geothermal gradient on the plane. The higher the reservoir temperature
is, the more conducive to the exploitation and utilization of geothermal
resources (Kappelmeyer and Haenel, 1981). In this paper, the reservoir
temperature of the bedrock top surface is obtained according to the
pore-type reservoir temperature calculation method, and then the
reservoir temperature from the bedrock top surface to the middle
depth of the reservoir is obtained by using the bedrock geothermal
gradient (generally 2.0°C/100 m), and then the two are added together,
which is the temperature of themiddle of the bedrock reservoir (Xu and
Guo, 2009; Zhang et al., 2013).

The calculation of pore-type reservoir temperature is
determined by the measured wellhead water temperature and
geothermal gradient. Calculation formula:

TZ � T0 + ΔT H1 +H2

2
−H0( ) (3)

where TZ (°C)is the temperature in the middle of reservoir, T0 (°C) is
the temperature of constant temperature zone (same as reference
temperature), ΔT (°C)is the ground temperature gradient, H0 (m)is

the depth of constant temperature zone (25 m),H1 (m) is the buried
depth of reservoir roof,H2 (m) is the buried depth of reservoir floor.

The division of temperature in the evaluation process is based on
the “GB 11615-2010 code for geological exploration of geothermal
resources,” TZ > 150°C is high-temperature geothermal resources,
90°C< TZ <150°C is medium temperature geothermal resources, and
TZ <90°C is low-temperature geothermal resources, of which 60°C<
TZ <90°C is hot water, 40°C< TZ <60°C is warm hot water, and
25°C< TZ <40°C is warm water. Medium and high temperature
geothermal resources are suitable for power generation, drying and
heating, and low temperature geothermal resources are suitable for
bathing, aquaculture, etc,. During the evaluation process, due to the
high temperature geothermal resources in the central Hebei region
being around 110°C, in order to facilitate the evaluation, this article
adjusted the geothermal temperature according to the specifications
to TZ ≥110°C, 90°C ≤ TZ < 110°C, 60°C ≤ TZ < 90°C, 25°C ≤ TZ <
60°C, and TZ <25.

The reservoir porosity (fissure) ratio: The reservoir porosity is
the proportion of pore volume per unit volume of rock (Zhou, 2005;
Wang, 2013). The porosity of geothermal reservoir is one of the
important parameters for evaluating geothermal resources (Yan
et al., 2022), and the pore size, connectivity and filling material
also have great influence on the heat transfer of rock (Wang and Sun,
2000), which reflects the water-rich nature of the thermal reservoir.
According to the previous geophysical logging data and well testing
data, this paper determines that the porosity of carbonate rocks in
central Hebei is generally 1%–10%, so the porosity of geothermal
reservoirs is divided into five levels: the reservoir porosity (fissure)
ratio ≥10% is an excellent mining area, the reservoir porosity
(fissure) ratio within the range of 6%–10% is a good mining area,
the reservoir porosity (fissure) ratio within the range of 3%–6% is a
mediummining area, the reservoir porosity (fissure) ratio within the
range of 1%–3% is a poor mining area, and the reservoir porosity
(fissure) ratio <1% is a very poor mining area.

The reservoir effective thickness: the reservoir effective
thickness is the reservoir thickness containing geothermal
fluid, which reflects the size of the thermal storage space of
the geothermal reservoir. Under the same conditions, the unit
area of water-rich strong in the thick section, conversely, weak. In
this paper, the ratio of the bedrock geothermal reservoir
thickness is based on the borehole data and referring to the
regional value. Due to the uneven development of the karst
fissures of the bedrock geothermal reservoir, the karst fissures
near the top of the bedrock are relatively developed, With the
increase of depth, its development degree gradually decreases, so
when the thickness of bedrock geothermal reservoir is large, it is
generally taken as a small value. The Cambrian-Ordovician
reservoir thickness ratio is 20%, and the Middle-Upper
Proterozoic reservoir thickness ratio is 25% (Zhang et al., 2013).

According to the calculation results of the reservoir effective
thickness in central Hebei, it can be divided into five grades: the
reservoir effective thickness ≥500 m is the area with very strong
water abundance, the reservoir effective thickness within the range
of 250–500 m is the area with strong water abundance, the reservoir
effective thickness within the range of 180–250 m is the area with
medium water abundance, the reservoir effective thickness within
the range of 10–180 m is the area with poor water abundance, and
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the reservoir effective thickness <10 m is the area with extremely
poor water abundance.

The water yield capacity: the water yield capacity is reflected
by the unit water inflow. The unit water inflow is the basic
measurement to measure the pumping capacity of a well. The
larger the value, the higher the water production capacity of the
well. It is an important indicator to compare the water
production capacity of the aquifer (Hudak, 2010; Zhai et al.,
2013), which represents the water supply capacity of geothermal
reservoir. Based on the statistics of pumping test data of
geothermal wells in the study area, and according to the
division of unit water inflow in the Exploration Specification
of Hydrogeology and Engineering Geology in Mining Areas
(GB12719-91), The water yield capacity in central Hebei is
divided into five levels: the water yield capacity ≥5 L/(s·m) is a
very strong water rich area; the water yield capacity within the
range of 2–5 L/(s·m) is a strong water rich area; the water yield
capacity within the range of 0.2–2 L/(s·m) is a medium water rich
area, the water yield capacity within the range of 0.1–0.2 L/(s·m)
is a weak water rich area, the water yield capacity <0.1 L/(s·m), it
is a very weak water rich area.

The reservoir buried depth: the buried depth of geothermal
reservoir directly affects the cost of geothermal resource
exploitation. According to the Geothermal Resource
Evaluation Method and Estimation Regulations (DZ/T0331-
2020), if the depth is less than 1000 m, hot water above 40°C
can be obtained in order to be used as an available resource (Xu
and Guo, 2009). The reservoir depth is less than 1,000 m as an
economic geothermal resource, while is 1,000–3,000 m as a sub
economic geothermal resource. The lower limit of geothermal
reservoir depth can reach 3,500 m–4,000 m. For geothermal
reservoir depth greater than 3,000 m, there are significant
differences in geothermal geological characteristics and
utilization conditions, which is not conducive to the
comprehensive evaluation of geothermal resources. According
to the previous borehole data and geophysical interpretation
thickness, this paper determines the buried depth of the
reservoir, and then divides the buried depth of the geothermal
reservoir into five levels according to the Geothermal Resource
Evaluation Method and Estimation Regulations (DZ/T0331-
2020), which are respectively: the reservoir buried
depth ≤1,000 m is the most economical type, the reservoir
buried depth within the range of 1,000–2,000 m is the
economical type, the reservoir buried depth within the range
of 2,000–3,000 m is the relatively economic type, the reservoir
buried depth within the range of 3,000–4,000 m is the economic
risk type, and the reservoir buried depth≥ 4,000 m is the serious
economic risk type.

The geothermal exploitation coefficient (CE):this paper uses
the geothermal exploitation coefficient of geothermal fluid index
to measure the development and utilization potential of
geothermal resources. The division of the geothermal
exploitation coefficient is based on Geothermal Resource
Evaluation Method and Estimation Regulations (DZ/T0331-
2020) and the background value of the geothermal
exploitation coefficient in central Hebei. CE (%)≤40% is
defined as the area with great exploitation potential, 50%≥ CE

(%)>40% as the area with good exploitation potential, 70% ≥ CE

(%)>50% as the area with general exploitation potential, 100%≥
CE (%)>70% as the area with basic equilibrium, and CE

(%) ≥100% as the area with over exploitation potential.The
heat mining coefficient of geothermal fluid is calculated
according to the following formula (Liu J. et al., 2019):

CE � Ek

Ey
(4)

where CE (%)is heat mining coefficient; Ek (kJ/a) is exploitation heat
of geothermal fluid; Ey (kJ/a) is allowable exploitation heat of
geothermal fluid.

The carbon reduction quantity (Qk): The carbon emission
reduction of geothermal development can be measured by the
exploitable geothermal resources. When the data is less, can not
determine the amount of recoverable, can be used to calculate the
recovery method. According to the Evaluation Method and
Estimation Regulation of Geothermal Resources (DZ/T0331
-2020), the recovery rate of karst fissure reservoir can be 15%–

20%, The recovery rate of sandstone and Igneous rock fracture
thermal storage can be 5%–10%. The formula for calculating the
recoverable amount of geothermal resources:

Qk � Re·Q (5)
where Qk (kJ)is geothermal resource mining output, Re (%) is
recovery rate, Q (kJ) is geothermal resource quantity.

The exploitable geothermal resources in this paper are calculated
according to the background value of the actual exploitable
geothermal resources in central Hebei, and then divided into five
levels according to the range of the obtained values, which are: Qk ≥
500 kJ is an excellent area of carbon emission reduction, 500 kJ >
Qk ≥ 300 kJ is a good area of carbon emission reduction, 300 kJ >
Qk ≥100 kJ is a medium area of carbon emission reduction, 100 kJ >
Qk ≥ 50 kJ is a area with relatively poor of carbon emission
reduction, and Qk <50 kJ is a poor area of carbon emission
reduction.

The urbanization rate: the urbanization rate is a measure of
urbanization, usually using the demographics indicator, which is the
proportion of the urban population in the total population (both
agricultural and non-agricultural).The higher the degree of
economic development, the higher the rate of urbanization,
which reflects the extent of the regional demand for resources.
The size of the urbanization rate reflects the heating scale degree for
geothermal energy. Urbanization is closely related to urban energy
consumption and its carbon emissions. For every 0.095% increase in
urbanization, the total energy consumption increases by 1% (Wang
Y. et al., 2020).With the development of urbanization in our country,
the carbon emission presents a pattern of increasing from south to
north and decreasing from east coast to inland (Wu and Jin,
2023).Therefore, geothermal resources are also an effective way
to achieve dual-carbon targets in high-urbanization areas. The
data of this paper is derived from the demographic data in 2019.
The urbanization rate is divided into five levels: the urbanization
rate ≥70 kJ are highly developed regions, the urbanization rate
within the range of 60%–70% are developed regions, the
urbanization rate within the range of 50%–60% are accelerated
development regions, the urbanization rate within the range of
40%–50% are developing regions, and the urbanization
rate <40% are starting development regions.
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TABLE 2 Scoring table for evaluation indicators of prospective target areas for geothermal resource development.

First-level
indicators

Second-level indicators Evaluation
grade

Attribute value
interval division

Evaluation score
range

Evaluation scoring
algorithm

Resource
condition (U1)

Abundance of geothermal
resources (1013 kJ/km2)

Excellent ≥8.0 9 9

Good [4.3, 8.0) [7, 9) 9-2 (8-X)/(8-4.3)

Medium [2.8, 4.3) [3, 7) 7-4 (4.3-X)/(4.3-2.8)

Poor [0.5, 2.8) [1, 3) 3-2 (2.8-X)/(2.8-0.5)

Extremely poor <0.5 1 1

Reservoir temperature (°C) Excellent ≥110 9 9

Good [90, 110) [7, 9) 9-2 (110-X)/(110-90)

Medium [60, 90) [3, 7) 7-4 (90-X)/(90-60)

Poor [25, 60) [1, 3) 3-2 (60-X)/(60-25)

Extremely poor <25 1 1

Reservoir porosity (fissure)
ratio (%)

Excellent ≥10 9 9

Good [6, 10) [7, 9) 9-2 (10-X)/(10-6)

Medium [3, 6) [3, 7) 7-4 (6-X)/(6-3)

Poor [1, 3) [1, 3) 3-2 (3-X)/(3-1)

Extremely poor <1 1 1

Reservoir effective thickness (m) Excellent ≥500 9 9

Good [250, 500) [7, 9) 9-2 (500-X)/(500-250)

Medium [180, 250) [3, 7) 7-4 (250-X)/(250-180)

Poor [10, 180) [1, 3) 3-2 (180-X)/(180-10)

Extremely poor <10 1 1

Development
potential (U2)

Effluent capacity (L/(s·m)) Excellent ≥5 9 9

Good [2, 5) [7, 9) 9-2 (5-X)/(5-2)

Medium [0.2, 2) [3, 7) 7-4 (2-X)/(2-0.2)

Poor [0.1, 0.2) [1, 3) 3-2 (0.2-X)/(0.2-0.1)

Extremely poor <0.1 1 1

Reservoir buried depth (m) Excellent ≤1,000 9 9

Good (1,000, 2000] [7, 9) 9-2 (1000-X)/(1,000-2000)

Medium (2000, 3,000] [3, 7) 7-4 (2000-X)/(2000-3,000)

Poor (3,000, 4,000] [1, 3) 3-2 (3000-X)/(3,000-4,000)

Extremely poor >4,000 1 1

Heat mining coefficient (%) Excellent ≤40 9 9

Good (40, 50] [7, 9) 9-2 (40-X)/(40-50)

Medium (50, 70] [3, 7) 7-4 (50-X)/(50-70)

Poor (70, 100] [1, 3) 3-2 (70-X)/(70-100)

Extremely poor >100 1 1

Heating Demand (U3) Carbon reduction quantity/1013kJ Excellent ≥500 9 9

Good [300, 500) [7, 9) 9-2 (500-X)/(500-300)

Medium [100, 300) [3, 7) 7-4 (300-X)/(300-100)

(Continued on following page)
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3.2 The given evaluation score of the interval
attribute

According to the above analysis, combined with the
characteristics of deep carbonate geothermal reservoirs in
central Hebei, fully considering the geothermal geological
background conditions and factors affecting the development
and utilization potential of geothermal resources in the central
Hebei region, based on the background value of geothermal
geological conditions in central Hebei, “the evaluation methods
and specifications for geothermal resources” (DZ/T0331-2020),
“the code for geological exploration of geothermal resources” (GB
11615-2010), “the code for hydrogeological and engineering
geological survey of mining areas” (GB12719-91) and previous
experience values have divided each indicator into 5 levels,
(excellent, good, medium, poor, and extremely poor), and the
scoring intervals of five levels are given respectively: excellent = 9,
good ∈ [7–9), medium ∈ [3–7), poor ∈ [1–3), range = 1. Based on
whether it is beneficial for the exploration and development of
geothermal resources as a standard, the attribute interval data of
each indicator is scored and quantified. The scoring algorithm is to
establish a linear formula according to the evaluation interval
division and evaluation score range of the indicator. Based on this,
the scores corresponding to each indicator attribute value can be
calculated (Table 2).

3.3 The quantification of evaluation factors
weight

The weight is a quantized value which represents the effect of the
lower sub-criteria relative to the upper one (Cai L., 2004). In order to
ensure the reliability and credibility of the weight taken by each
evaluation index factor, the analytic hierarchy process (AHP)
evaluation model was used to calculate the weight of factors (Di
et al., 2013). The weight of each evaluation index is evaluated
comprehensively by expert scoring method and analytic
hierarchy process. The analytic hierarchy process (AHP) is the
relative value obtained by comparing the advantages of each
index, that is the superiority weight (Zhang, 2000; Deng et al.,
2012). The weight value is determined and tested by the judgment
matrix. Cebi et al. (2023) used the DF-AHPmethod to determine the
importance of pharmaceutical industry evaluation standards, Ma
(2023) proposed a fuzzy hybrid AHP evaluation method for
evaluating the risks of urban wind power enterprises, Deretarla
et al. (2023) used Analytic Hierarchy Process (AHP) and Complex
Proportional Assessment (COPRAS) to evaluate suppliers. AHP has
been widely applied in various industries.

The analytic hierarchy process (AHP) is used to determine the
weight of each layer in the index system, and the hierarchical
structure of the evaluation index system for the optimization of
geothermal resource exploration and development prospect area is

TABLE 2 (Continued) Scoring table for evaluation indicators of prospective target areas for geothermal resource development.

First-level
indicators

Second-level indicators Evaluation
grade

Attribute value
interval division

Evaluation score
range

Evaluation scoring
algorithm

Poor [50, 100) [1, 3) 3-2 (100-X)/(100-50)

Extremely poor <50 1 1

Urbanization rate (%) Excellent ≥70 9 9

Good [60, 70) [7, 9) 9-2 (70-X)/(70-60)

Medium [50, 60) [3, 7) 7-4 (60-X)/(60-50)

Poor [40, 50) [1, 3) 3-2 (50-X)/(50-40)

Extremely poor <40 1 1

Comments: The X in the table represents the attribute value of the indicator.

FIGURE 5
Analytic hierarchy process structure model.
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TABLE 3 The importance comparison judgment matrix of the evaluation indicators.

Optimization of prospective target areas for geothermal resource development consistency ratio of judgment matrix: 0.0032 The weight of the overall goal: 1.0000

Resource condition Development potential Heating demand W1

Resource condition 1 1.5 2.5 0.4795

Development potential 0.6667 1 2 0.3398

Heating demand 0.4 0.5 1 0.1807

Resource condition (U1) Consistency ratio of judgment matrix: 0.0009 The weight of the overall goal: 0.4795

Resource condition (U1) Abundance of geothermal
resources

Reservoir temperature Reservoir porosity (fissure) ratio Reservoir effective thickness W2

Abundance of geothermal resources 1 0.5 0.7 1.2 0.1898

Reservoir temperature 2.0 1 1.5 2.5 0.3902

Reservoir porosity (fissure) ratio 1.4286 0.6667 1 1.5 0.2579

Reservoir effective thickness 0.8333 0.4 0.6667 1 0.1620

Development potential (U2) Consistency ratio of judgment matrix: 0.0002 The weight of the overall goal: 0.3398

Development potential (U2) Effluent capacity Reservoir buried depth Heat mining coefficient W2

Effluent capacity 1 0.8 1.5 0.3438

Reservoir buried depth 1.25 1 1.8 0.4239

Heat mining coefficient 0.6667 0.5556 1 0.2323

Heating demand (U3) Consistency ratio of judgment matrix: 0.0000 The weight of the overall goal: 0.1807

Heating demand (U3) Carbon reduction quantity Urbanization rate W2

Carbon reduction quantity 1 3 0.8000

Urbanization rate 0.3333 1 0.2000
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designed, including the target layer, the rule layer (First-level
indicators), the index layer (second-level indicators), and the
scheme (Figure 5). The relative values between indicators are
obtained through the comparison of priority and importance,
and a pairwise comparison judgment matrix of importance is
established. The 1–9 ratio scaling method is used to compare the
importance of influencing factors. The consistency ratio of the
comparison judgment matrix of the 9 evaluation indicators
constructed in this evaluation is far less than 0.1, indicating
satisfactory consistency, thus determining the weight values of
each level. Calculate the comprehensive weight values of each
indicator based on the results and interrelationships of the
weight values of the two levels. The calculation method is as follows:

ComprehensiveWeight � First levelWeight × Second levelWeight

(6)
According to the above method, the importance pairwise

comparison judgment matrix of each level is constructed as
shown in Table 3. From the calculation results, it can be seen
from the calculation results that the importance of the first-level
indicators in descending order is: Resource condition >
Development potential > Heating demand, Weight value W1 =
(0.4795, 0.3398, 0.1807); the importance of the second-level
indicators in descending order is: Carbon reduction quantity >
Reservoir buried depth > Reservoir temperature > Effluent
capacity > Reservoir porosity (fissure) ratio > Heat mining
coefficient > Urbanization rate > Abundance of geothermal >
Reservoir effective thickness, Weight value W2 = (0.8000, 0.4239,
0.3902, 0.3438, 0.2579, 0.2323, 0.2000, 0.1898, and 0.162). According
to Formula 6, the comprehensive weight values of the nine indicators
are obtained. From the calculation results, it can be seen that the
weight values of reservoir temperature, carbon reduction quantity
and reservoir buried depth are relatively high, as shown in Table 4.

3.4 The calculation of comprehensive
evaluation value

In this paper, the analytic hierarchy process (AHP) and multi-
source information superposition evaluation method based on GIS

are applied to the zoning evaluation of hydrothermal geothermal
target area. Through systemic analysis of hydrothermal geothermal
influence factors, and according to the comprehensive weight of
each influence factor, GIS is used to prepare single factor
information map. The each single factor information map is
registered and processed to form a composite superimposed
evaluation model, and then the zoning evaluation map of the
study area is carried out. Formula 7 is used for GIS spatial
analysis and evaluation (Jin et al., 2004; Xu MJ et al., 2009).

P � ∑
n�i PiAi i � 1, 2, 3. . . . . . n( ) (7)

Where P is the comprehensive evaluation value for the zoning of
hydrothermal geothermal resource in the evaluation unit, n is the
total number of the evaluation factors, Pi is the score given by the ith
evaluation index, Ai is the weight of the number i evaluation index.

4 Results

Based on the in-depth understanding of the geothermal
geological background conditions in the central region of Hebei
Province, the evaluation indicators have been sorted out and
determined, and an evaluation indicator system for the
prospective target areas of geothermal resources in the study area
has been constructed. Based on the principle that the higher the
score is, the more favorable the mining is, the attribute values of each
indicator have been classified into different levels, and a linear
function between each attribute level and the scoring area has
been established. According to this, the corresponding scores can
be obtained based on different attribute values. The analytic
hierarchy process is used to assign weights to each level of
evaluation indicators, and the comprehensive weights of each
evaluation indicator are calculated. While carrying out the above
work, this article delineates the evaluation area based on the
structural units in the study area, the cover layer with a
geothermal gradient greater than 3°C/100 m, the depth of the
geothermal reservoir less than 4000 m, and the distribution range
of the geothermal reservoir as the boundary (Figures 6, 7). The
evaluation area is divided into equal-area grids, and the weighted
values of the scores and comprehensive weights of each indicator in

TABLE 4 The weights of evaluation indicator system.

First-level indicators First-level weight Second-level indicators Second-level weight Comprehensive weight

Resource condition 0.4795 Abundance of geothermal resources/1016 J/km2 0.1898 0.091009

Reservoir temperature (°C) 0.3902 0.187101

Reservoir porosity (fissure) ratio (%) 0.2579 0.123663

Reservoir effective thickness (m) 0.162 0.077679

Development potential 0.3398 Effluent capacity (L/(s·m)) 0.3438 0.116823

Reservoir buried depth (m) 0.4239 0.144041

Heat mining coefficient (%) 0.2323 0.078936

Heating demand 0.1807 Carbon reduction quantity/1013kJ 0.8 0.14456

Urbanization rate/% 0.2 0.03614
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each grid are calculated according to the formula x, which can obtain
the comprehensive evaluation value of each grid. Then, using the
spatial analysis function of GIS, the comprehensive evaluation value
of each grid in the evaluation area is analyzed and mapped using the
kriging difference method, and the geothermal resource zoning
evaluation map is obtained (Figures 8, 9). From the calculation
results, it is known that the regions with higher scores have a

geothermal resource abundance greater than 6.0 × 1013 kJ/km2

and an effective reservoir thickness greater than 500 m. However,
the middle-upper Proterozoic geothermal reservoirs located in
Xiongan New Area have a unit water inflow rate of basically
greater than 5 L/(s·m), while the Cambrian-Ordovician thermal
reservoirs have a unit water inflow rate of basically between 0.2 and
2 m3 L/(s·m).

FIGURE 6
The distribution range of Cambrian-Ordovician geothermal reservoir with burial depth less than 4000 m.

FIGURE 7
The distribution range of Middle-Upper Paleozoic geothermal reservoir with burial depth less than 4000 m.
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5 Discussion

Finally, according to the evaluation results, the two sets of
geothermal reservoirs are divided into three levels of prospect
target areas (Figures 10, 11): the areas with evaluation score over
6.00 were classified as the excellent prospect target areas; the
areas with evaluation score over 5.00 and less than 6.00 were

classified as the general prospect target areas; and the areas with
evaluation score less than 5.00 were classified as the bad prospect
target areas. See Table 5 for the evaluation units included in the
three levels of prospect target areas.

As can be seen from Figures 10, 11, due to regional
differences in the characteristics of geothermal reservoirs,
exploration and development prospects are not the same. The

FIGURE 8
Comprehensive evaluation score of Cambrian-Ordovician geothermal reservoir. Evaluation unit in central Hebei.

FIGURE 9
Comprehensive evaluation score of Middle-Upper Proterozoic geothermal reservoir. Evaluation unit in central Hebei.
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Middle-Upper Proterozoic geothermal reservoir distribution
area of the excellent prospect target area accounts for 56%,
which is mainly located at Xingji swell, and Gaoyang low
swell. For the Middle-Upper Proterozoic geothermal reservoir
in the evaluation area, the regions with high geothermal
abundance values are Xianxian and Dacheng. Among the

Middle-Upper Proterozoic geothermal reservoirs, the
geothermal resource potential in most areas of central Hebei
have great exploitation potential and certain exploitation
potential, including Cangxian in Cangzhou, Fucheng in
Hengshui and Xiong’an New Area; There is no excellent
prospective target area in the Cambrian-Ordovician

FIGURE 10
Prospective target areas of Cambrian-Ordovician geothermal reservoir.

FIGURE 11
Prospective target areas of Middle-Upper Proterozoic geothermal reservoir.
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geothermal reservoir, and the general prospective target area
accounts for 54%. The northern part of Cangzhou, the
northeastern part of Hengshui, and the border among the
Shijiazhuang, and the junction of Shijiazhuang, Baoding and
Hengshui all have certain exploitation potential.

According to the statistics of the distribution area of favorable
areas of geothermal reservoirs at all levels, the geothermal
reservoir distribution area of the excellent prospect target area
accounts for 28%, and the Middle-Upper Proterozoic geothermal
reservoirs mainly distributed in Xiong’an New Area, the eastern
part of Hengshui, and the central part of Cangzhou; The
geothermal reservoir distribution area of the general prospect
target area accounts for 46%, and the distribution area of
Cambrian-Ordovician geothermal reservoirs is slightly larger;
The geothermal reservoir distribution of the bad prospect target
area accounts for 26%, and the distribution area are mainly
Cambrian-Ordovician geothermal reservoirs. From the
comprehensive evaluation results, it can be seen that the
Middle-Upper Proterozoic geothermal reservoir target area is
relatively large, and the proportion of favorable target areas with
better conditions is relatively large.

This article uses a quantitative zoning evaluation method to
assess the prospective target areas for geothermal resources in
the central Hebei region from the perspective of development
and utilization. It delineates the exploration and development
target areas for deep geothermal resources in the central Hebei
region within a large area. This evaluation method is also
applicable to the screening of resource development prospects
in other regions, such as carbon sequestration, shallow
geothermal energy resource development, and deep dry hot
rock resource development.

From the perspective of resource utilization and sustainable
development, in order to maximize the availability of geothermal
resources for economic construction services, the reasonable
planning and development of geothermal resources can greatly
supplement the consumption of energy resources. This
evaluation provides grounds for the sustainable development
and utilization of the geothermal resources in North China
Plain. Under the current situation, the large-scale and
sustainable development and utilization of geothermal energy
is part of the implementation of General Secretary Xi Jinping’s
National Energy Security Strategy, which is a response to global
climate change. Implementing that strategy requires energy
conservation and emission reduction via concrete measures to

help achieve the goal of a “2030 carbon peak and 2060 carbon
neutrality” (Liu et al., 2023).

6 Conclusion

(1) Based on the geothermal geological conditions in the central
Hebei region, this article establishes a comprehensive evaluation
index system for the favorable areas of deep geothermal
development in the central Hebei region from three aspects:
resource conditions, development potential, and heating
demand. By combing the relevant indicators for the
development and utilization of geothermal energy in the
central Hebei region, a linear function is constructed based
on the evaluation interval values of the indicator attributes and
the corresponding score ranges. The analytic hierarchy process
is used to assign weights to each indicator, which prepares for
the weighted calculation of the comprehensive evaluation value
of each block in the evaluation area. Finally, the GIS is used to
analyze and evaluate each indicator by superimposing them,
that is, to comprehensively weight and score each indicator in
each section of the evaluation area, and to optimize the
comprehensive score of the high-scoring areas as the
prospective target areas.This evaluation method can provide
a reference for optimizing the exploration and development
goals of geothermal resources in key areas.

(2) According to the evaluation results, from the perspective of regional
structure, the excellent prospective target areas of the Middle-
Upper Proterozoic geothermal reservoirs are mainly located in the
Xingji uplift and the Gaoyang low uplift, and the excellent
prospective target areas of the Middle-Upper Cenozoic
geothermal reservoirs account for 56%. The geothermal resource
abundance in these areas is greater than 8.0 × 1013 kJ/km2, with
good resource development potential. It is suitable for the
exploration and development of geothermal resources. From the
perspective of geographical division, Xiong’an New Area,
Cangzhou, and the eastern part of Hengshui are the excellent
prospective target areas in the Middle-Upper Proterozoic
geothermal reservoir evaluation unit.

(3) This assessment provides a reference basis for the sustainable
development and exploitation of geothermal resources in the
North China Plain. At the same time, it also provides new ideas
for the optimization and evaluation of regional target areas in
other resource and energy fields.

TABLE 5 Optimization selection of the prospect target area.

The target area zoning Geothermal reservoir Target area location

Excellent prospect target area Middle-Upper Proterozoic Xingji swell, Gaoyang low swell

General prospect target area Middle-Upper Proterozoic Xianxian swell, Dacheng swell, Fucheng sag, Xingji swell, Cangdong sag

Cambrian-Ordovician Raoyang sag, Gaoyang low swell, Gaocheng swell, Xianxian swell, Xingji swell

Bad prospect target area Middle-Upper Proterozoic Raoyang sag, Xianxian swell

Cambrian-Ordovician Litan sag, Yanshan sag, Xingji swell, Kongdian swell
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