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Abstract
Cao Bang Province, Vietnam, is facing a water shortage that affects daily life and the economic development of the locality, especially
in mountainous areas. The study of the impact of natural, and socio-economic conditions on the stability of groundwater in some
highland regions where water is scarce in Cao Bang province is the basis for developing a suitable water exploitation management plan,
ensuring the lives of local people. By collecting documents, conducting field surveys, consulting with the community, and analyzing
samples in the laboratory, the study found that the total population in 10 highland areas in 7 districts was 12,398 people who were
lacking domestic water and predicted that the water demand by 2030 would be 1,823 m*/day. In addition, the study results showed
that the exploitable underground water reserve was 14,748 m>/day, meeting the current and future water supply needs of the locality.
In addition, the findings show that natural conditions have a strong impact on the stability of water resources because the area is
located in a mountainous area, which creates complex water formation conditions, and irregular rainfall, flood and flow regimes. In
addition, socio-economic conditions only have a low and medium impact on the stability of water resources because there has not been
much investment in economic development in these areas, the population is sparse, the demand for water is low and the number of
water exploitation works is not high. Therefore, the study has proposed a number of suitable water exploitation solutions to serve the

domestic water supply for local people, ensuring economic development and limiting the current water scarcity.

Keywords: socio-economic conditions, stability of groundwater resources, Cao Bang province

1. Introduction

Groundwater is the most significant freshwater reservoir
for industrial, agricultural, and residential water supplies [1].
In a developing world, it is necessary to recognize the various
factors that affect groundwater sustainability and security [2]
determined by its amount and quality that are impacted by a
variety of parameters such as climate change, geology, overex-
ploitation, changing land use, economics, pollution, socioeco-
nomic conditions, agro-food systems, and governance [3]. The
impact of each of these factors on groundwater sustainability
has been mentioned by many studies. While [4] assessed the
influence of climate change on the sustainability of groundwa-
ter resources, [5] evaluated the impact of land use change, [6]
analyze the implications of pollution, [7] dealt with the effects
of overexploitation on groundwater stability. However, there
have not been many studies considering the importance of so-
cio-economic factors, so this study focuses on assessing the im-
pact of this criterion on groundwater sustainability.

Currently, there are some publications studied on the in-
fluence of natural and socio-economic conditions on ground-
water resources with different aspects such as groundwater
use [8], pollution [9], protection [10], comsumption [11],
recharge [12], etc. While [13] conducted a comparative eval-
uation of various irrigation systems to analyze the socioeco-
nomic impact of depleted groundwater resources in Punjab,
[14] provided an analysis of polluted groundwater caused by
nature-ecosystem and socio-economic impacts, [15] assessed
the variations in the hazards of groundwater pollution in an
agricultural watershed under various socioeconomic and en-

vironmental circumstances. In addition, the influence of so-
cio-economic criteria on groundwater sustainability is also
mentioned in some research. [16] proposed a straightforward
dynamic indicator-based method to assess the impact of natu-
ral and social factors on groundwater stability. Similarly, [17]
introduces a new approach to evaluate groundwater sustain-
ability in Iran by utilizing integrated different social, and eco-
nomic indicators. The findings demonstrated that many en-
vironmental and socioeconomic indicators can give a useful
summary of groundwater sustainability conditions for future
planning and water management decision-making.

This study was conducted to confirm the influence of
socio-economic conditions on groundwater sustainability
in Cao Bang province. The authors studied and assessed the
impact of natural conditions (geographical location, topo-
graphical features, geology, meteorology, hydrology) and
socio-economic activities (increased water demand, mineral
exploitation, aquaculture, population distribution, water use
habits, etc.) on the stability of groundwater resources. This is
the basis for proposing solutions to protect water resources. In
addition, the research results are also reference documents for
managers to plan the exploitation and use of water resources
in accordance with the economic restructuring in the peri-
od of promoting industrialization and modernization of the
country, especially in high mountain areas with water scarcity.

2. Study area
Located in the Northern mountainous region (Northeast
region), Cao Bang province has geographical coordinates
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Tab. 1. Methods for determining water demand for different purposes [2]

Tab 1. Metody okreslania zapotrzebowania na wode do réznych celow [2]

Purpose of water use

Method for determining water demand and water supply coefficient

Domestic use (1,000 people).

= Total water demand for domestic use (m3/day) = Water supply coefficient (liter/person.day) x population

Industry

= (30 m3/ha x industrial park area) + (30 m3/ha x 50% of dispersed production facility area)

Water demand for
livestock

= Water demand for livestock (m3/day) = Water coefficient for livestock (liters/day-head) of each type of
poultry and livestock x number of poultry and livestock (1,000 heads)
Coefficient: buffalo/cow is 140 liters/day-head, pig: 60 liters/day-head, chicken: 10 liters/day-head.

Water demand in the Number of beds x 1073

medical sector

Total water demand for the medical sector (m3/day) = 3(Medical water demand coefficient (liters/bed.day) x

Coefficient: General and specialized hospitals: 500 liters/bed.day; District and county hospitals: 350
liters/bed.day; Clinics and medical stations: 300 liters/bed.day.

Total water demand for all purposes = Water demand for all purposes (Domestic + Industrial + Livestock + Medical)
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Fig. 1. Map of survey areas and well locations of the study area

Rys 1. Mapa obszaréw badawczych i lokalizacji studni na obszarze badan

from 22°2121" to 23°07'12" North latitude and 105°16'15"
to 106°5025" East longitude. This province has an area of
6,690.72 km?, with an average altitude of over 200 m, the bor-
der area has an altitude of 600 + 1,300 m above sea level. With
the characteristics of mountainous terrain, high, steep, and
with many limestone mountains, it is not favorable for the
socio-economic development of the province, especially wa-
ter supply for agricultural production and domestic use [18].
Currently, Cao Bang province is also facing water scarcity, es-
pecially in mountainous areas. In addition, with the increase
in population, investment in economic development, and the
impact of climate change, erratic rains and floods have also
directly affected the province's groundwater resources, caus-
ing changes in water reserves and quality. The stability of wa-
ter resources is used to assess the ability to meet the needs for
water use purposes in the study area without reducing the re-
serves and quality of groundwater resources [19]. According
to [20], the change in groundwater reserves depends greatly
on the natural conditions of the region such as geographical
location, topographic features, climatic/meteorological con-
ditions and hydrogeological characteristics of aquifers, the
influence of seepage, and the quality of groundwater.

In addition, the socio-economic conditions of each region
with population distribution, water use needs for various pur-
poses, people's water use habits and practices, and activities
that pollute water sources have an impact on the reserves and
quality of groundwater. The assessment results show that the
flow is mainly concentrated in the flood season months. In
which, the flood season usually starts from June and lasts until
the end of September, the rest are the dry season months. In
the transition months (May and November), there may still

be large floods or later floods depending on the period. The
total flow of the 4 flood months accounts for about 60% to
75% of the total annual flow. Thus, it can be observed that
during the dry season months, although it takes up a longer
period, the flow rate is limited. Meanwhile, the demand for
water for domestic use and production activities remains rel-
atively stable throughout the year. This affects the stability of
water resources due to the high use demand while the limited
supply capacity [18].

3. Methodology

To assess the impact of natural and socio-economic con-
ditions on the groundwater resources of Cao Bang province,
the author conducted the following research methods:

Collecting documents: To conduct the research, the au-
thors collected materials on natural conditions, geological
and hydrogeological characteristics, as well as socio-econom-
ic activities in 10 highland areas in 7 districts of Cao Bang
province, including Ngoc Dong, Luong Thong, Da Thong
(Thong Nong district); Van Dinh - Xuan Hoa (Ha Quang
district); Quoc Toan (Tra Linh district); Ngoc Chung (Trung
Khanh district); Minh Long (Ha Lang district); Hong Quang,
Chi Thao (Quang Uyen district); and Yen Lac (Nguyen Binh
district) [21]. The documents were obtained from the Depart-
ment of Natural Resources and Environment of Cao Bang
Province, the National Center for Water Resource Planning
and Investigation, and the Vietnam Academy for Water Re-
sources. The collected data were used to assess the current
state of natural distribution and socio-economic activities in
the study area and utilized as a basis for analyzing and evalu-
ating impacts on the stability of the region's water resources.
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Tab. 2. The basis for determining the impact level of natural and socio-economic conditions on the stability of water sources
Tab 2. Podstawa do okreslenia poziomu wptywu warunkéw naturalnych i spoteczno-gospodarczych na stabilno$¢ zZrodet wody

No. Criteria [ Level |

Basis for evaluation

I Factors of natural conditions

Upper reaches of major rivers

Middle reaches of large rivers or upper reaches of medium-sized rivers

1 Geographical location

Middle reaches of medium-sized rivers or upper reaches of small rivers and streams

Middle areas of small rivers and streams

Downstream areas of rivers, small streams or coastal areas

Plains with elevation < 60 m

Midlands and hills have an altitude of 60 to less than 300 m.

Topographic features

Plateau has an altitude of 300 to less than 500 m

[22]

Mountains have an altitude of 500 to less than 1,000 m

Mountains > 1,000 m high or coastal sand dunes

Kt < 0.5

Meteorological and Ki=0.5to < 1.0

3 climatic conditions Ki=1.0to < 2.0

(aridity index Kt) [23] Ki = 2.0 to < 4.0

Kt > 4.0

There are only small rivers and streams in the province.

There is 1 medium-sized river and 2 or more small rivers located in the province.

Hydrological

There is 1 large river and 2 or more medium-sized rivers located in the province.

characteristics

There are 2 large rivers and 3 or more medium-sized rivers located in the province.

There are 3 or more large rivers (length > 10 km) located in the province.

[ A el Do L] Lol (031 NSO [NOY PR PP Y NG 1R [N N () NS IR 1Y PN

exploitation.

There are 4 or greater freshwater aquifers that have the potential for centralized

N

exploitation.

There are 3 or greater freshwater aquifers that have the potential for centralized

Hydrogeological 3

characteristics exploitation.

There are 2 or greater freshwater aquifers that have the potential for centralized

exploitation.

There are 1 or greater freshwater aquifers that have the potential for centralized

exploitation.

There is no freshwater aquifer or only freshwater aquifers capable of household-scale

II Socio-economic factors

Under 100,000 people

From 100,000 to less than 200,000 people

1 Population [24]

From 200,000 to less than 500,000 people

From 500,000 to less than 1 million people

Over 1 million people

Population density under 1,000 people/km?

Population density from 1,000 people/km? to less than 1,400 people/km?

Population distribution

Population density from 1,400 people/km? to less than 2,000 people/km?

[24]

Population density from 2,000 people/km? to less than 3,000 people/km?

Population density from 3,000 people/km? or more

Under 40 |/person/day

From 40 to under 150 |/person/day

3 Water demand [25]

From 150 to under 200 |/person/day

From 200 to under 300 |/person/day

From 300 I/person/day or more

S CIENTRIININ T I EN RN N AR T D

Use water efficiently, ensure hygienic toilets, and have a centralized wastewater
treatment system that meets standards.

Water usage is relatively economical, there is a 2-compartment toilet and a wastewater
treatment system but it does not meet standards.

4 Water usage habits

Use water sparingly; there is a toilet but no wastewater treatment system yet

systems.

Water use is relatively economical but there are no toilets or wastewater treatment

Wasteful use of water, no toilets, no wastewater treatment system

There are only scattered residential areas, livestock grazing activities

N (= D (w N

There are concentrated residential areas, livestock grazing activities, and small-scale use
of plant protection chemicals.

Activities that pollute 3

water sources chemicals.

There are residential areas, industrial production facilities that generate wastewater or
waste disposal sites, small-scale livestock farms, and the use of plant protection

There are industrial clusters/craft villages, urban areas, waste disposal sites, and
medium-scale livestock farms, using plant protection chemicals.

There are industrial zones/export processing zones, urban areas, waste disposal sites,
large-scale livestock farms, and the use of plant protection chemicals.

Statistics and synthesis: Based on the data collected and
surveyed in the field, the study conducted statistics, synthesis,
analysis, and assessment of the impact of natural conditions,
socio-economic activities (increased water demand, mineral
exploitation, aquaculture, population distribution, water us-
age habit, etc.) on the stability of water resources in the study
area. In particular, the research also performs calculations to
forecast water usage needs for the study areas based on water
supply coeflicients (detailed in Table 1).

Field survey: The study conducted surveys in high
mountainous areas, assessed population distribution, and
socio-economic activities in the region, and implemented
community consultations to evaluate water usage needs for
various sectors in the province. They also examined the cur-
rent state of water exploitation, habits and customs related to
water use, activities that pose risks of water pollution, and the
water demand of different industries in the study area. Figure

1 shows the survey locations in the field. Additionally, the au-
thors also took samples to assess the quality characteristics of
aquifers in the study area. A total of 300 samples were selected
for analysis and evaluation of water reserves and the quality of
water sources in the survey area, taken from 19 groundwater
extraction wells during both the rainy and dry seasons.

Additionally, based on the extent of the impact of various
factors, the research team used a scoring method with 5 levels
to assess the influence of natural and socio-economic conditions
on the stability of groundwater sources in the Cao Bang region.
The research team established 5 groups of factors related to natu-
ral conditions and 5 groups of criteria related to socio-economic
conditions, with a basis for determining the impact level of these
parameters on the stability of water sources in the study area. The
5 levels of influence are detailed in Table 2 where:

Level 1: Does not affect the stability of water sources; Lev-
el 2: Low impact on water source stability; Level 3: Moderate
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Tab. 3. Groundwater characteristics in the study areas of Cao Bang province [10]

Tab 3. Charakterystyka wod podziemnych na obszarach badawczych prowingji Cao Bang [10]

No. Location Well TCN Thlz:rl;n)ess Av?;‘algle [ﬁa)ter (mze:.lla )
1 Ngoc Dong W_19 Bac Son Formation (c-p) 95.6 14.11 2,556
W_20 7.47
> Quoc Toan W_17 Bac Son Formation (c-p) 73.8 2.67 257
W_18 Na Quan Formation (di-2) 76.4 2.60 1,069
3 Van Dinh - Xuan W_13 Song Hien Formation (ti1) 50 5.91 65
Hoa W_14 Dong Dang Formation (p>) 55.3 2.14 1,393
w_21 Song Hien Formation (ti1) 35 8.82 1,685
4 Luong Thong W_22 Dong Dang Formation (p2) 40.7 1.92 142
W_23 Bac Son Formation (c-p) 37.6 9.59 493
W_24 Dong Dang Formation (ti) 35 5.71 472
5 Da Thong W_25 Hé tang Dong Pang (p2) 79.5 6.95 517
W_23 Bac Son Formation (c-p) 79.7 7.2 319
W_26 Na Quan Formation (di-2) 95.4 5.02 2,751
6 Ngoc Chung W 27 2.97
. W_28 Na Quan Formation (di-2) 73.8 1.95 1,479
7 Minh Long W 29 5.06
W_35 Bac Son Formation (c-p) 96.4 3.20 2,005
8 Hong Quang W 36 2.02
9 Chi Thao W_33 Bac Son Formation (c-p) 97.1 0.60 1,203
W_34 Na Quan Formation (di-2) 81.55 1.70 946

Tab. 4. Assessment of the level of influence of natural conditions on the stability of groundwater resources in Cao Bang province

Tab. 4. Ocena poziomu wplywu warunkéw naturalnych na stabilno$¢ zasobéw wéd podziemnych w prowingji Cao Bang

No. Criteria Level No. Criteria Level
1 Geographical location 3 4 Hydrological characteristics 5
2 Topographical features 4 5 Hydrogeological characteristics 5
3 Meteorological conditions, climate 3 6 Summary of impact assessment levels 4.0

impact on water source stability; Level 4: Strong impact on
water source stability; Level 5: Very strong impact on water
source stability.

3. Results and discussion
3.1. Characteristics of groundwater resources in Cao Bang
Province

Cao Bang is a province characterized by a high, steep
mountainous terrain with many limestone ranges, resulting
in diverse groundwater formations [18]. The collection of data
and field surveys conducted in 10 highland areas in 7 districts
indicates that Cao Bang has the following aquifers:

o  The fractured and fractured-karst aquifer in the car-
bonate sediments of the Na Quan Formation (di-2)
is an unconfined aquifer with a lithological composi-
tion consisting of limestone and limestone contain-
ing silicic content with thin to medium layers. The
main source of supply for the aquifer is rainwater and
irrigation water.

o  The fractured aquifer, fracture-karst in the carbon-
ate sediments of the Bac Son Formation (c-p) is an
unconfined aquifer with a primary supply source of
rainfall, water from lakes, rivers, and streams that in-
filtrates, as well as from the aquifers above that seep
down. The aquifer is evenly distributed over the en-
tire study area, with lithological components includ-
ing limestone, limestone containing silicon content,
with thin to medium layering.

o The fissured, fissured-karst aquifer in the carbonate
sediments of the Dong Dang Formation (p2) consists
of terrigenous sediments with a lithological compo-
sition including limestone containing silica content,
which is thin to medium layered. This is an uncon-
fined aquifer with the source of water supply to the
aquifer being rainwater and irrigation water that
seeps down.

o  The fissured aquifer in the terrigenous and terrige-
nous-eruptive sediments of the Song Hien formation

(t1) is an unconfined aquifer with the main sources of
water supply being rainwater, water from lakes, riv-
ers, streams, and water seeping down from the upper
aquifers. However, this aquifer cannot be exploited
centrally and is only suitable for exploitation by dug
wells and drilled wells on a household scale.

The details of the distribution and characteristics of aqui-
fer layers in the groundwater investigation and survey areas of
Cao Bang Province are listed and summarized in Table 3. The
locations of the wells are shown in Figure 1.

In the Yen Lac region, the characteristics of the aquifer
based on a synthesis of data from field investigations, sur-
veys, and materials collected from the National Center for
Water Resources Planning and Investigation indicate that the
groundwater in the study area primarily belongs to the ter-
rigenous, terrigenous-eruptive sediments of the Song Hien
formation (t1), and fractured aquifers within carbonate sed-
iments of the Dong Dang formation (p2).

The research results show that groundwater sources ex-
ploited in the Cao Bang province are mainly unconfined wa-
ter, closely linked hydraulically with rainwater, surface water,
and irrigation water. Therefore, groundwater has seasonal
variations and is closely related to meteorological factors. In
the dry season, the water level in the wells is lower, but in
the rainy season, the water level of all wells rises quickly after
rain. This also leads to the situation that in the dry season,
dug wells of residents almost run out of water, and natural
springs flow minimally or sometimes not at all, resulting in
a shortage of clean water for daily living and local economic
development. Additionally, the quality of groundwater is also
affected, especially in the rainy and flood seasons, the sus-
pended solid content in the water is high, the water is turbid
and contains a lot of waste making it difficult for the water
treatment process for domestic use and production activities
[26]. Due to the high mountainous terrain, there are currently
no centralized water supply facilities with a capacity greater
than 1 m®/day-night in the surveyed areas. Groundwater is
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Tab. 5. Population of surveyed communes in Cao Bang province [10]

Tab. 5. Populacja badanych gmin w prowincji Cao Bang [10]

Number of
No. Research area Geographical location Population (people) people lacking wzaot;r)den;and by
water (peopl (m3/day)

Ngoc Dong Commune -

1 Ngoc Dong Thong Nong District 1,165 1,165 169
Quoc Toan Commune - Tra

2 Quoc Toan Linh District 1,428 1,039 159

Van Danh - Xuan Van Dinh Commune, Xuan

3 Hoa Hoa - Ha Quang District 1,570 1,570 228
Luong Thong Commune -

4 Luong Thong Thong Nong District 1,932 1,932 280
Da Thong Commune -

5 Da Thong Thong Nong District 1,325 1,325 192
Ngoc Chung Commune -

6 Ngoc Chung Trung Khanh District 974 974 141

7 Minh Long Minh Long commune - Ha 1,314 928 142
Lang district
Hong Quang Commune -

8 Hong Quang Quang Uyen District 940 940 136

9 Chi Thao Chi Thao Commune - Quang 1,909 1,451 220
Uyen District

10 Yen Lac Yen Lac Commune - Nguyen 1,074 1,074 156
Binh District

Sum 13,631 12,398 1,823

Tab. 6. Assessment of the level of socio-economic impact on the stability of groundwater resources in Cao Bang

Tab. 6. Ocena poziomu wplywu spofeczno-gospodarczego na stabilnos¢ zasobéw wod podziemnych w prowincji Cao Bang

No. Criteria Level No. Criteria Level
1 Population 2 4 Water usage habits 3
2 Population distribution 1 5 Water pollution activities 3
3 Water usage demand 3 6 Summary of impact assessment levels 2.4

mainly extracted through drilled and dug wells on a house-
hold scale, with the exploitation flow is about 5.3 to 6.2 /s, the
water level is lowered from 7.8 to 9.8 meters, which is below
the calculated allowable water level.

3.2 Assessment of the impact of natural conditions on the sta-
bility of water resources

The criteria for evaluating the impact of natural condi-
tions on the stability of water resources indicate that the study
area is primarily located in high mountainous regions with
steep terrain and numerous limestone formations. These con-
ditions are not favorable for the development of the province's
economic sectors and water extraction for agricultural pro-
duction and domestic use. Mountains with an average height
of 500 to less than 1,000 m are concentrated in the midstream
areas of medium-sized rivers or the upstream areas of small
rivers and streams. The study area has a dense network of riv-
ers and streams with large rivers such as the Bang River, Gam
River, Quay Son River, and many intra-provincial river and
stream systems... Among these, the major river systems pri-
marily flow through districts such as Thong Nong, Ha Quang,
Hoa An districts, Phuc Hoa, Trung Khanh, and Cao Bang
Town. With a subtropical climate, the climate of Cao Bang
province exhibits characteristics of a high-altitude continental
tropical monsoon climate, distinct from other mountainous
areas in the Northeast region. The aridity index (Kt), estimat-
ed based on the ratio of evaporation over a calculated time to
rainfall, is approximately 1.6. The annual flow modulus in the
whole region varies significantly. In areas with low rainfall,
the average annual flow modulus is the smallest, ranging from
only about 10 to 15 liters per second per square kilometer (1/s/
km?). Meanwhile, in areas with heavy rainfall, the highest
average annual flow modulus can reach up to 70 I/s/km>. In
addition, the hydrogeological characteristics of the study area
show that groundwater is primarily extracted from uncon-
fined aquifers on a household scale, providing fresh water to
meet local needs [26]. Based on the evaluation data according
to the criteria, it can be seen that the natural conditions in the

study area have a strong influence on the stability of ground-
water resources. Therefore, it is necessary to be taken into ac-
count in controlling and managing exploitation to ensure the
stability and sustainability of groundwater (Table 4).

3.3 Assessment of the impact of socio-economic conditions on
the stability of water resources

Changes in groundwater reserves and quality depend large-
ly on socio-economic conditions such as population, popula-
tion distribution, water demand for various purposes, people's
water usage habits, and activities that pose a risk of polluting
water sources. It can be seen that the flow is mainly concen-
trated in the flood season months, and the dry season months,
although occupying a longer period of time, the flow is limit-
ed. Meanwhile, the demand for water for daily life as well as
agricultural production activities (cultivation, livestock breed-
ing), and aquaculture is relatively stable between times of the
year. This will affect the stability of the flow of surface water
and groundwater due to the high demand while the water flow
is limited. It can be observed that the flow volume is mainly
concentrated during the flood season, while the dry season, de-
spite lasting longer, has limited flow volume. Meanwhile, the
demand for water for domestic use, agricultural production
activities (cultivation, livestock), and aquaculture remain rel-
atively stable throughout the year. This will impact the stability
of surface water and groundwater due to high usage demand
while water flow volume is limited. According to collected data,
statistics show that the population of the highland communes
with scarce water resources in the study area is 13,631 people.
The population is scattered with a low density, in which near-
ly 12,400 people face water shortages (Table 5). Based on the
data on planning orientation and economic development of the
province, the research has estimated the water usage demand
for the study region by 2030 [27].

Rural residents live scattered in villages, with many areas
having only a few households living on high mountains, such
as the Hmong people. Some villages only consist of sever-
al dozen households, like the Dao ethnic group, or 50-100
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Fig. 2. Exploitable underground water reserves to ensure water stability in the study areas

Rys. 2. Eksploatacyjne rezerwy wod podziemnych zapewniajace stabilnos¢ zasoboéw wodnych na obszarach badawczych

households, such as the Tay, Nung, and San Chay ethnic
groups. Households are often located quite far apart, especial-
ly among the Hmong ethnic group, where villages are sepa-
rated by tens of kilometers, which makes it very difficult to
provide water to the people. According to statistics from Cao
Bang Province in 2023, the total population of the province is
547,879 people, of which 25.5% live in urban areas (139,540
people) and 74.5% reside in rural areas (408,339 people) [27].
The population density is 82 people/km?. Survey results show
that the main water sources for drinking and daily activities
of residents in the mountainous areas of the province are
mountain stream water and rainwater; surface water (riv-
ers, streams); open stream water; drilled and dug wells col-
lecting underground karst water; and open karst water [28].
However, wastewater from factories, enterprises, hospitals,
slaughterhouses, and domestic wastewater from residential
areas are currently almost all directly discharged into rivers
and streams, leading to a worsening of surface water quali-
ty and warning of serious pollution. The use of pesticides is
also one of the many causes of surface water pollution and
poses a risk of impacting and polluting groundwater sources.
Furthermore, because the locality is located in a mountainous
area, waste management is still not thorough, and many spon-
taneous landfills of households arise, causing environmental
pollution in general and affecting the quality of underground
water in particular. However, for water extraction projects
at great depths and on a small scale, the level of impact on
water quality is low. Moreover, the number of groundwater
extraction wells within the studied communes of Cao Bang
province is low, only 1 to 2 wells, so it does not cause a de-
crease in flow, lower water level, change the water quality of
other groundwater exploitation works located in the affected
areas, as well as does not impact surrounding surface water
sources. Based on the survey results, along with the criteria
developed to assess the level of socio-economic impact on the
stability of water resources, the study has provided the impact
level in Table 6.

The research results show that the socio-economic conditions
in the research area affect the stability of water resources at low
and medium levels. This is because the local population is scat-
tered and socio-economic development activities are not high
while underground water exploitation activities still ensure the ex-
ploitation capacity to meet the water usage needs of local people.

3.4 Proposal for Solutions to Protect Groundwater Resources

With the goal of achieving over 95% of urban residents us-
ing clean water and over 90% of rural residents using hygien-
ic water for daily life, combined with the results of assessing
the impacts of natural and socio-economic conditions on the
stability of water resources and calculated data on water de-
mand in highland, water-scarce areas of Cao Bang province,
the study has synthesized and calculated the exploitable un-
derground water reserves to ensure water supply meets usage
needs and still maintain the stability of water resources in the
area. Figure 2 shows recharge volume, groundwater resource
potential, exploitable groundwater reserves, and water de-
mand of each survey area of the study area. Currently, the wa-
ter demand is much lower than the exploitable water reserves.
However, in the future, when water demand increases, it will
be possible to enhance the extraction flow from these wells to
ensure water supply. In addition, to increase the groundwater
reserves with sufficient quality to ensure the water supply for
domestic use and economic, production, and business activ-
ities in the region, it is necessary to plan large-scale exploita-
tion and construct centralized water supply facilities in the
study areas. Depending on the characteristics of each research
area and the water usage needs to build centralized water sup-
ply works with appropriate exploitation reserves.

In addition, to ensure the stability and sustainability of
groundwater resources in the highland, water-scarce areas of
Cao Bang province, it is also necessary to pay attention to pro-
tecting water quality. In addition, to ensure the stability and
sustainability of groundwater resources in the mountainous
and water-scarce areas of Cao Bang province, attention must
also be given to protecting water quality. In particular, for
groundwater extraction facilities supplying domestic water
with a scale of over 10 m*/day and night up to less than 3,000
m?/day and night, the sanitary protection range of the domes-
tic water intake area is not less than 20 m from the wellhead.
Furthermore, in this area, there must be no livestock barns,
toilets, waste dumps, warehouses, chemical storage sites, or
other sources of pollution [29]. At the same time, it is nec-
essary to strictly control the discharge of waste (wastewater,
solid waste...) into river systems, lakes, and water sources to
ensure a safe water supply for people. Investigation and as-
sessment of groundwater resources are carried out at a scale
of 1:50,000 to 1:25,000, covering an area of 1,006/6,700 km?
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of the province's natural area [30]. In addition, it is necessary
to focus on generating a database on wastewater sources and
building a suitable domestic wastewater treatment system be-
fore discharging. At the same time, the locality also needs to
invest in building and operating a monitoring system to mon-
itor groundwater exploitation activities to ensure stable con-
trol of groundwater quality and reserves [31]. On the other
hand, regularly promote and encourage the public to partici-
pate in protecting water sources, managing, and safeguarding
the components of local water supply facilities; practice the
economical and efficient use of domestic water.

4. Conclusion

The study investigated the impact of natural and so-
cio-economic conditions on the stability of groundwater in
some highland, water-scarce areas of Cao Bang province by
using data collection, field surveys, community consultations,
and laboratory sample analysis. The research results indicate
that Cao Bang province is facing a shortage of water for do-
mestic use and local economic development, particularly in
high mountainous areas. Specifically, the population suffering
from water scarcity in the mountainous communes in the sur-
veyed area is 12,400 people, of which the total number of peo-
ple lacking water in the whole region is nearly 13,631 people.
The study has forecasted that the water demand by 2030 will
be 1,823 m’/day, and the exploitable groundwater reserves
would bel4,748 m®/day. This forecast is sufficient to meet
the current and future water supply needs of the locality. The

study also reveals that the groundwater extracted in Cao Bang
province mainly consists of unconfined water, which has a
close hydraulic relationship with rainwater, surface water, and
irrigation water. During the dry season, residents' dug wells
almost run dry, and exposed sources flow weakly or some-
times stop flowing altogether, leading to a shortage of clean
water for daily use and local economic development. Due
to the mountainous terrain, the surveyed areas currently do
not have any centralized water supply systems with a capac-
ity greater than 1 m®/ day and night. Groundwater is mainly
exploited by drilled wells and dug wells on a household scale.
Their exploitation flow is from 5.3 to 6.2 /s, the water level is
lowered from 7.8 + 9.8 m, lower than the calculated allowable
water level.

The findings show that the number of groundwater ex-
traction wells in mountainous areas is low, typically only 1
to 2 wells, so they do not cause significant impacts on flow
reduction, water level decline, or changes in water quality of
other groundwater extraction facilities located in the area of
influence of the project. Furthermore, the obtained results
indicated that while natural conditions have a strong impact
on the stability of water resources, socio-economic conditions
have a low and medium impact. Therefore, the study pro-
posed several solutions for water exploitation to provide do-
mestic water for local people, ensuring stability and sustain-
ability of water resources and socio-economic development
of the locality.
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Wplyw warunkow naturalnych i spoteczno-gospodarczych na stabilnosc¢ zasobow wod

podziemnych w prowincji Cao Bang (Wietnam)

Prowincja Cao Bang (Wietnam) boryka si¢ z niedoborem wody do codziennego Zycia i rozwoju gospodarczego regionu, zwlaszcza
na obszarach gorskich. Badanie wplywu warunkéw naturalnych i spoleczno-gospodarczych na stabilnos¢ wod podziemnych
w niektorych regionach gérskich, gdzie woda jest deficytowa w prowincji Cao Bang, stanowi podstawg do opracowania odpowiedniego
planu zarzgdzania eksploatacjg wody, zapewniajgcego zycie mieszkaricow. Poprzez zbieranie dokumentow, przeprowadzanie badan
terenowych, konsultacje ze spotecznosciq i analize probek w laboratorium, badanie wykazalo, Ze catkowita populacja w 10 obszarach
gorskich w 7 dystryktach wynosita 12 398 0sob, ktore brakowaly wody do uzytku domowego, a zapotrzebowanie na wode do 2030
roku przewidywano na 1 823 m®/dzieri. Ponadto wyniki badan wykazaly, ze rezerwa wéd podziemnych mozliwa do eksploatacji
wynosita 14 748 m?/dzie#i, co zaspokaja biezgce i przyszle potrzeby zaopatrzenia w wode regionu. Dodatkowo wyniki pokazujg,
ze warunki naturalne majg silny wplyw na stabilnos¢ zasobow wodnych, poniewaz obszar ten znajduje si¢ na terenie gorskim, co
tworzy ztoZone warunki formowania si¢ wod, nieregularne opady, powodzie i rezimy przeplywu. Warunki spoteczno-gospodarcze
majg natomiast niski i Sredni wplyw na stabilnos¢ zasobéw wodnych, poniewaz w tych obszarach nie byto duzych inwestycji w rozwoj
gospodarczy, populacja jest rzadka, zapotrzebowanie na wodg jest niskie, a liczba prac eksploatacyjnych jest niewielka. Dlatego
badanie zaproponowalo szereg odpowiednich rozwigzan dotyczgcych eksploatacji wody, aby zapewnié zaopatrzenie w wode dla
mieszkaricow, zapewniajgc rozwdj gospodarczy i ograniczajgc obecny niedobor wody.

Stowa kluczowe: warunki spoleczno-gospodarcze, stabilnos¢ zasobow wéd podziemnych, prowincja Cao Bang
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