
 
 

Strategic Knowledge Exchange Recommendations on 
Groundwater Policy, Legislation and Standards 

 

 

1 Introduction 

This note elaborates on recommendations arising from a strategic knowledge exchange, 
which took place in Beijing 13-16 June 2016, between experts of the Ministry of Water 
Resources, the Development Research Centre and a team of EU, Danish and Chinese experts 
supported by the EU Technical Assistance and Information Exchange Facility (TAIEF) and the 
Danish Ministry of Environment and Food  

The note has been compiled by Lars Skov Andersen of ChinaRM. It solely reflects the 
opinions of the author and may not be taken as the official opinion of the EU Technical 
Assistance and Information Exchange Facility nor of the Danish Ministry of Environment and 
Food.  

2 Background 

The groundwater resources of Northern and Eastern China are under serious pressure after 
50 years of steadily increasing unregulated use. This has caused severe depletion of the 
groundwater levels and accompanying deterioration of groundwater quality. 

Groundwater is the main source of drinking water in rural areas of China and a major source 
of urban water supply in 400 Chinese cities of which 60% have reported moderate to 
significant pollution of the groundwater. The largest abstraction, however, is for irrigation, 
which locally in northern China has led to groundwater levels declining by up to 1 m per year 
since 1960 and now poses a serious risk to water supply security for all sectors. 

On the flood plains and along the eastern coast of China declining groundwater levels have 
led to land subsidence, which in urban areas results in high costs of maintenance and repair 
of underground infrastructure, especially Beijing, Tianjin and Shanghai are affected, but 
regional land subsidence also poses a risk to surface infrastructure such as the high-speed 
train network. 
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Salinity intrusion mainly takes place along the coast of the Bohai Gulf, but also further South 
along the East Coast of China, where groundwater abstraction leads to intrusion of sea 
water. Saltwater intrusion may also occur under the flood plains, where saline and 
freshwater aquifers alternate, resulting in intrusion of saline water into freshwater aquifers 
in case of heavy abstraction of groundwater. 

The Ministry of Water Resources was assigned the mandate for groundwater management 
in 1998 and has since 2003 built capacity in groundwater management supported by 
cooperation with the EU, UK and Denmark.  

Recently, the Ministry of Water Resources initiated preparation of new Groundwater 
Policies, Legislation and Standards as part of a broad government effort to better manage, 
use and protect natural resources and the environment of China.  

 

3 Groundwater Policy Recommendations 

Groundwater policy should recognise and emphasise the inherent properties of 
groundwater 

Groundwater is the most abundant source of fresh water in the world. Groundwater occurs 
almost everywhere in either shallow or deep aquifers, which are recharged annually 
enabling a constant and sustainable abstraction of the same magnitude as the recharge. 

Groundwater is generated in all regions with a minimum of rainfall; it is transported by 
natural subsurface flow from source area to user; it is filtered and purified during the 
transport exchanging valuable minerals with the aquifer host rock; it is available at site of 
use when needed and it can be abstracted at the cost of the user without any government 
investment. Government, however, must invest in sound management and regulation to 
ensure sustainable use and protection of groundwater resources.  

 
Groundwater policy should emphasise the opening statement of the 2011 No. 1 Document 
“Accelerating the Water Conservancy Reform and Development” stating that “Water is the 
source of life, production and ecology”. 

Access to the basic needs of safe drinking water is by some nations considered a human right 
and embedded in national policy and legislation.  

This human right is by some nations expanded to include water for food security at 
household level. 

 
Groundwater policy should give first priority to use of groundwater for rural domestic 
water supply and exempt rural domestic water supply from bans on groundwater 
abstraction 

To make the human rights aspect operational, the first priority for use of groundwater 
should be as the source of domestic water supply in rural areas. Furthermore, groundwater 
abstraction for domestic rural water supply should be exempted from the bans on 
groundwater abstraction, which have be issued in some Chinese provinces.  

Groundwater can be abstracted in adequate quantity for rural water supply almost 
everywhere. Its slow movement through the groundwater aquifer acts as a natural filter for 
most impurities while chemical exchanges with the host rock creates a constant water 
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quality, which enables the design of water treatment processes that meet Chinese and 
international drinking water quality standards, even for weakly or strongly polluted 
groundwater.  

In contrast the use of surface water as source for domestic water involves the risk of 
transient short-term changes in water quality and during conveyance over long distances in 
surface channels there is substantial risk of pollution by run-off from agricultural land, return 
water from irrigation and local discharges of untreated domestic or industrial wastewater.    

 

Groundwater policy should recognise the need for protection of groundwater dependent 
surface ecosystems 

Environmental protection is by many nations given second priority for allocation of water 
resources. This is often expressed as the environmental flow of surface water or more 
elaborately as the combination of water quality, hydrological regime and habitat 
morphology, which creates optimal conditions for all types of life.  

For groundwater it expressed as the groundwater level or the maximum depth to the 
groundwater table, which will sustain well-functioning groundwater dependent terrestrial 
and surface water ecosystems.  

The increasing priority to groundwater protection builds on a rapidly improving 
understanding and knowledge of the ecosystem-services, which a well-protected and 
managed groundwater resource offers to society. 

 

4 Groundwater Legislation  

Groundwater legislation should be formulated as a framework law 

Groundwater legislation should be formulated as a framework law taking inspiration from 
the 2002 Water Law, the 2011 No.1 Document, the 2000 EU Water Framework Directive and 
the EU 2006 Groundwater Directive.  

The groundwater legislation should be accompanied by an Action Plan with a time-frame, 
which acknowledges that improvement of the status of groundwater bodies requires a 
significantly longer time-perspective than improvement of surface water ecology.  

The Action Plan shall stipulate concrete actions to be taken by different sectors and different 
government levels and have clear deadlines that enable the Ministry of Water Resources to 
monitor the progress of implementation.   

4.1 Institutions 
Groundwater resources shall be placed under unified management 

The mandate for groundwater management was assigned to the Ministry of Water 
Resources in 1998, but in practice management remains fragmented between MWR having 
mandate for shallow groundwater and Ministry of Land and Resources having mandate for 
deep groundwater resources, while quality issues remain fragmented between MWR, 
Ministry of Health and Ministry of Environmental Protection. 
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The majority of shallow and deep aquifers have hydraulic connection. Deep aquifers may 
appear to be confined by impermeable layers, but in many cases these aquifers reach the 
surface or the confining layers thin laterally enabling recharge to take place far away from a 
given location. Exceptions are deeply buried ancient aquifers, which contain a finite amount 
of fossil water. 

The hydraulic connections between shallow and deep aquifers requires groundwater 
resources to be placed under unified management but with clear specification of the 
responsibilities of different sectors.  

China Geological Survey under Ministry of Land and Resources, for instance, has valuable 
experience in survey, mapping and monitoring of groundwater levels and quality, Ministry of 
Environmental Protection is heading establishment of a national groundwater monitoring 
network and Ministry of Health has the leading role in setting standards for the quality of 
drinking water and thereby also the quality of groundwater sources that may be used for 
production of drinking water. 

 
Groundwater resources shall be managed at the lowest appropriate level  

Groundwater management shall be delegated to the lowest appropriate level, which in 
China is the provincial level, except for major trans-jurisdictional aquifers for which 
management may with be withdrawn to the regional level represented by River Basin Water 
Resources Commissions or to the central level represented by the MWR.  

The majority of groundwater aquifers have limited geographic extent and abstraction is 
typically of local significance with local impact on the groundwater resource, thereby 
meriting local management of the groundwater resources. 

Important exceptions to this rule are the desert areas along the Hexi Corridor (Western 
Rivers Corridor along the Silk Road), where aquifers in coarse fluvial deposits stretch from 
the foothills of the Qilian and Kunlun Mountains far into the Gobi and Taklamakan deserts 
occurring at increasing depth with increasing distance from the mountains.  

A similar situation may occur across the flood plains of the Hai He and Huai He, where deep 
aquifers may originate in the Taihang Mountains, whereas moderately deep and shallow 
aquifers typically occur in coarse fluvial deposits, which correspond to the old shifting 
courses (palaeochannels) of the Huang He. The geographic unity and common challenges 
from excessive groundwater abstraction for agriculture, however, would merit their 
management by the Hai and Huang He Water Resources Commissions.  

Spain offers excellent examples how management of groundwater aquifers is delegated and 
shared between River Basin District Authorities. 
 

4.2 Resource assessment 
National survey, mapping and classification of groundwater aquifers are the first steps 
towards sustainable management, use and protection of groundwater resources.  

Better knowledge on the location, quantity and quality of the groundwater resources is 
crucial to achieve sustainable abstraction and use of groundwater by different sectors and at 
different levels. Therefore, there is a need for a coordinated programme for groundwater 
mapping, monitoring and resource assessment at different scales.  
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Central government specify standards and recommend the approaches and technologies to 
be applied for survey, mapping and classification of groundwater aquifers within the main 
hydrogeological units of China, which could be mountainous regions, plateaus, intra-
montane basins, major river valleys, flood plains, river deltas and estuaries (See Appendix 1: 
Outline of main hydrogeological units of China). 

Geological mapping combined with ground-based or air-borne geophysical surveys have 
proven the most efficient method for rapid identification and mapping of potential 
groundwater aquifers. 

Example: An excellent example is the national mapping programme of Denmark that was 
implemented 2000-2015 using the air borne SkyTEM technology, which is able to identify 
and map porous groundwater aquifers to depths of 400-500 m. The programme covered 
40% of Denmark with detailed surveys at a cost of 75,000 RMB per km2 and was fully 
financed by a surcharge of 0.25 RMB per m3 domestic and industrial water.  

 

4.3 Administrative instruments 
China must institute total groundwater abstraction quantity control by permitting of 
groundwater abstractions. 

In most countries, including China, water resources belong to the people, but are managed 
by the state. Permits for groundwater abstraction have in many of these countries proven 
the most efficient management instrument to regulate groundwater abstraction.  

In the EU integrated environmental permits for industry, including water abstraction and 
wastewater discharge, were introduced in the 1990’s and “These permits have been the 
most important policy tool to effectively reduce the pollution of water bodies and start a 
positive circle of water ecology protection and improvement in the EU” (Technical Report 
078. No.1 Document Water Ecology Security Strategy. EU China River Basin Management 
Programme, 2012). 

China has a well-functioning system for allocation of surface water and now needs to 
introduce a similar permit system for groundwater as a pre-requisite for efficient and 
sustainable use of groundwater resources. This will enable government to allocate water 
according to its highest socio-economic value for the nation and to adjust the permits and 
reallocate the water in accordance with socio-economic development.  

Groundwater should as a rule be allocated first for domestic use in rural areas followed by 
domestic use in urban areas, sustenance and commercial crops that contribute to food 
security and then to industry.  

Permits shall ensure a sufficient reserve for ecological services, such as maintenance of 
springs, wetlands and other groundwater dependent eco-systems, and a contingency for use 
in years of serious surface water shortage.  

Permits shall have a duration which reflects these priorities. In Denmark, for instance, 
permits for abstraction of drinking water have a duration of 30 years in order to achieve 
water supply security and at the same time encourage and safeguard investments in 
centralised water supply, whereas permits for supplementary irrigation in years with low 
rainfall have duration of 5 years.    
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Permitting should be implemented gradually 

Permitting should be implemented gradually over a 10-year period with a dual approach that 
gives equal priority to areas with serious depletion of groundwater resources and to the 
largest centralised abstractions nationwide.  

The integrated permitting proposed by the RBMP (Technical Report 078. No.1 Document 
Water Ecology Security Strategy. EU China River Basin Management Programme, 2012) 
presents a stepwise approach starting with the largest water users responsible for 40% of 
the groundwater abstracted within a Water Functional Zone (WFZ). In a second phase, the 
coverage could be extended with additional 40% to cover the water users responsible for a 
total of 80% of the groundwater abstraction, whereas the remaining lower tier water users  
responsible for the remaining 20% of the groundwater abstraction, could be exempt from 
permitting, but subject to mandatory reporting in order for the management authority to 
maintain a groundwater inventory. 

A well-functioning permitting system is also a pre-requisite in case China decides to embark 
on water trading. In this case it is strongly recommended that it is the permit, or part of a 
permit, which is traded from one permit holder to another (Griffiths et. al. 2015. Policy study 
on the significance and value of water resources for sustainable urbanization - Water 
Security and Water Trading Options. EU China Policy Dialogue Support Facility). This will 
ensure that “water does not become a commercial product but, rather, is managed as a 
heritage which must be protected, defended and treated as such” EU WFD, 2000). 

 
China should consider alternative measures for groundwater resources demand 
management, especially for irrigation water 

Irrigation is in many regions of China the largest user of groundwater and therefore the most 
important sector to regulate, but also the most difficult, because groundwater abstraction 
for irrigation takes place from numerous groundwater wells scattered across the 
countryside. 

Initial measures that rely on proxies to estimate and regulate groundwater abstraction may 
therefore be attractive, because registration and permitting of groundwater abstraction, 
whether directly or by proxies, are considered the most important actions to implement and 
to achieve payment for groundwater abstraction and use.   

Electricity consumption as proxy 
One measure already available in China is the consumption of electricity used to power 
suction or submersible groundwater pumps. This measure was already in use in Gansu 
Province in 2003-2004, but as a poverty alleviation measure, which gave farmers a 
preferential rate for separately metered electricity used for pumping of groundwater. In 
terms of water management this measure therefore functioned as a “corrupt incentive” 
encouraging well-off farmers to increase their use of groundwater.   

Exchange of data with the State Grid or local electricity companies may provide this 
information and charging the full costs of electricity would be an instant demand 
management measure, although the revenue would not accrue to the water sector. 

Example: In Denmark, the electricity consumed for pumping of irrigation water is combined 
with pump specifications to estimate the amount of groundwater abstraction. 

Evapotranspiration as proxy 
China is already experimenting with remote sensing of evapotranspiration from crops on the 
North China Plain as a proxy for the applied quantity of irrigation water.  
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Remote sensing will identify areas, where irrigation is excessive, optimal or sub-optimal and 
enable local authorities to estimate the groundwater abstraction and take appropriate 
action. With the advent of drone technology this approach has high future potential. 

Cropping systems as proxy 
Remote sensing and drone technology may also be used to map the size of areas planted 
with different crops. When combined with empirical knowledge of irrigation water demands 
and farmers’ practice of sub-optimal irrigation this information will give a good estimate of 
groundwater abstraction.  

China is already experimenting with adjustment of the traditional “winter wheat – summer 
maize” cropping system on the North China Plain by restrictions on the areas planted with 
“winter wheat”, which are responsible for the largest consumption of groundwater.  

Proposals for other water saving adjustments of cropping systems are given by Shu Yunqiao  
(Integrating remote sensing and hydrological modelling for groundwater resources 
assessment and sustainable use in the North China Plain. PhD Thesis, University of 
Copenhagen, 2010).  

 

4.4 Financial and other behavioural management instruments 

The value and price of water are among the most effective policy instruments for water 
resources demand management and should be given a greater role in development of 
groundwater policy and legislation. 

Implementation of the 2011 No.1. Document has brought significant reform to the water 
sector in China, including bulk water pricing, progressive water tariffs and stringent water 
use efficiency targets in industry while irrigation efficiency is the only key performance 
indicator for agriculture although it is the largest water user. 

The value of water is a possible indicator to be explored as guide for water allocation in 
agriculture 

Water should be allocated in accordance with its highest socio-economic value of competing 
uses (1992 Dublin Statement on Water and Sustainable Development, Principle 4).  

This principle is often used to justify re-allocation of water from agriculture to industry, due 
to the large financial difference in value between agricultural and industrial products, but in 
this case the socio-economic value of rural livelihoods, employment and food security are 
equally often neglected. 

In industry the key performance indicator for the value of water is the water use efficiency, 
which is the amount of water used to generate a GDP of 10,000 RMB or an added value of 
10,000 RMB and thus it is the inverse of the value of water. This indicator has been 
strengthened in successive Five Year Plans, but China still lags behind global water use 
efficiency in many industrial sectors.  

In agriculture the corresponding indicator would be the added value of produce per unit 
water used for irrigation. Comparison of these values will in most cases favour production of 
commercial crops such as vegetables, fruits and spices at the expense of cereals and other 
bulk crops. The concept is closely related to indicators such as Virtual Water or the Water 
Footprint, but is a more precise parameter to assess whether the nation or a province is 
making optimal use of its water resources. 
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Further policy dialogues are required to unlock the potential of the value of water as a policy 
instrument. 

 
The indicator for irrigation efficiency should be re-examined taking groundwater into 
consideration  

In successive Five Year Plans China has introduced increasingly stringent targets for water 
use efficiency in industry, whereas the only key indicator for agriculture is the irrigation 
efficiency.  

The strive towards improved irrigation efficiency of surface water channel systems, however, 
has neglected research into the interaction of surface water and groundwater and 
assessment of the opportunities and cost-effectiveness of irrigation by groundwater. 

Surface water channels and reservoirs are subject to major water losses by evaporation and 
leakage from inadequately lined channels. Leakage, however, should not be considered a 
loss in areas, where groundwater is an alternative water source. Leakage contributes to 
recharge of the groundwater aquifers, where water is protected against evaporation and 
often flows in the same direction as the surface channels.  

 
China shall maintain and strengthen implementation and enforcement of the bulk water 
scarcity pricing for both surface water and groundwater 

China is probably the first nation to introduce bulk water pricing based on a water scarcity 
principle and to assign groundwater a higher value than surface water thereby recognising 
the significance of groundwater resources as a strategic reserve to be drawn upon during 
periods of critical surface water shortage and its vulnerability to excessive abstraction (NDRC  
Decision 2013/29: Notice on issues concerning water resources fee collection standards,  
changed prices).   

 
China shall maintain its path towards full cost recovery of water services, including 
groundwater-based domestic water supply in rural areas  

China is faced with the dual and conflicting challenge to reduce water consumption in urban 
areas while increasing the water consumption in rural areas as an important measure to 
improve health and hygiene among the rural population. 

The rationale for removal of subsidies on production of water is that subsidies always will 
benefit the better off households, who can afford to use more water than poor households.  

Example: Chongqing offers a unique example of full cost recovery combined with targeted 
subsidies (Zhou Linjun 2008: Reform of Water Tariffs in Chongqing: A case study review. 
World Bank Analytical and Advisory Assistance Program, Beijing), which in 2001 made 
Chongqing the first city in China to achieve full cost recovery of water and wastewater 
service. What Chongqing did was to raise the water tariff 10% above the cost required for 
full cost recovery and to use the surcharge for targeted subsidies to compensate poor 
people, war veterans and otherwise disadvantaged people for the price increase.     
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Pro-poor water tariffs should be implemented in close consultation with the rural 
population 

Domestic or drinking water supply in rural areas is currently subsidised on the assumption 
that the rural population is poor and is neither willing nor able to pay for domestic water. 
Global experience, however, is that “poor people are willing to pay more for water than 
governments are willing to charge, because the benefit the most from access to safe water”.  

China may therefore aim at full cost recovery of domestic water supply also in rural areas, 
but it is recommended to achieve full cost recovery using a pro-poor water tariff or subsidies 
targeted at households that by the local community are considered to be poor. 

4.5 Technical instruments 
For China to achieve sustainable use of groundwater resources within a moderate 
timeframe of 10 years, it will be advantageous to adopt proven international technologies 
for survey, mapping, resource assessment and data management 

Geophysical tools 
Geophysical tools offer the fastest and most cost-efficient approach to survey, identification 
and mapping of groundwater aquifers and are applicable to both porous and fracture 
aquifers.  

Traditional ground-based geo-electrical and electro-magnetic surveys are time-consuming 
and provide information only at the survey points, but remain the main method for 
identification of groundwater aquifers in mountainous and other areas with difficult access.  

Vehicle-based seismic surveys offer a substantially faster methods, but it depends on access 
by vehicle, whereas airborne geophysics may be applied across all rural areas . 

Example: The SkyTEM helicopter-borne technology developed by Denmark is superior for 
rapid survey and mapping of porous aquifers outside mountainous and urban areas. The 
method offers almost continuous series of survey points generating soil resistivity profiles to 
depths of 400-500 m and can be applied at all scales from regional reconnaissance survey to 
detailed investigations of target areas for groundwater abstraction.  

Groundwater resource assessment models 
The assessment of groundwater resources relies on hydrological or hydro-geological 
modelling. 

On small scale the yield of individual boreholes must be assessed by pumping tests. Short 
pumping tests will indicate the potential yield of a borehole, but to assess the long-term 
sustainable yield of a borehole the pumping test must have a duration of one week or more 
an include monitoring of the drawdown of adjacent boreholes. 

On large scale integrated surface water and groundwater models should be applied that 
incorporate water use by surface vegetation, evapotranspiration and infiltration through the 
unsaturated zone and flow within the groundwater aquifer. 

Examples: Frequently used software includes AQTESOLV for pumping tests and the MIKE-
SHE model for large scale water resources modelling, for instance the Danish national 
groundwater model, which covers an area of 40,000 km2 with a grid size of 100 m.   
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Drilling technology 
China Geological Survey has ample experience in drilling of boreholes for groundwater 
abstraction, but in rural areas there are abundant small drilling companies without the 
necessary knowledge on assessment of sustainable abstraction and protection of 
groundwater resources.  

Reports on high concentrations of iodine and fluorine in groundwater on the North China 
Plain, however, suggest that groundwater from freshwater and saltwater aquifers are mixed 
due either to insufficient sealing between these aquifers or to excessive pumping.   

China shall therefore consider introducing authorisation of groundwater drilling companies 
based on number, education and training of their staff along the same lines that consulting 
and construction companies are authorised to operate. 

 

4.6 Monitoring 
Monitoring of groundwater levels shall be initiated by identification of baselines for trend 
assessment  

Time-series of groundwater levels and quality are the most important information for 
groundwater management.  

Historical data older than 1960, when large scale groundwater abstraction started in China, 
shall be given priority for definition of baselines irrespective of their accuracy. Time-series 
for the period 1960 to present may be used in conjunction with historical evidence for 
deterioration or disappearance of groundwater dependent surface water bodies and 
ecosystems. Where no such evidence is available, baselines may be set by monitoring of 
groundwater levels during a period of 2-3 years.  

 
Thresholds for remedial actions should be set for groundwater quantity and quality 

For groundwater quantity the threshold for remedial action should be defined as a clear 
medium- to long-term trend of declining groundwater table.  

For groundwater quality the threshold may be defined as a trend in concentration of a given 
pollutant, which either reaches a pre-defined percentage increase above the long-term 
average or rises to a given percentage of the groundwater standard for that particular 
compound.   

 

Groundwater monitoring programs and networks shall be designed using a risk-based 
approach 

The risks of over-abstraction and pollution of groundwater shall be reflected in the density 
of monitoring networks, monitoring programs and the frequency of monitoring.  

The risk assessment may be done systematically using the DPSIR approach (Driving forces, 
Pressures, States, Impacts, Responses). 
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Harmonised central and regional data storage facilities and accompanying reporting 
obligations for all stakeholders in predefined data formats are a primary condition for a 
sustainable groundwater management 

Central government shall define the standards and formats for data collection and storage, 
including borehole data and information, groundwater levels and quality, groundwater 
abstraction and permits, and the geophysical methods applied for survey and mapping.  

Example: In Denmark systematic collection of data on hydrogeology and groundwater was 
initiated in 1931, when an archive of borehole data was established at the Geological Survey 
of Denmark, now GEUS. The archive is now fully digitised as the JUPITER database, which 
comprises information on geology, hydrogeology, borehole installations, as well as 
groundwater levels, groundwater and drinking water quality, all accessible to the public.  

 

5 Groundwater Standards  

Monitoring of groundwater quality shall be initiated by review of the existing standards 
for groundwater quality to be used for drinking water production 

In China the quality of surface water is classified from Class I to Class V+ ranging from 
pristine water not affected by human activity to water which is unfit for any beneficial use. 
The water quality is typically assessed based on 6 key indicators, of which the poorest 
indicator determines the Class.  

A similar classification of groundwater is required to distinguish groundwater, which is fit for 
human consumption without treatment, requires basic or advanced treatment, or not fit for 
production of drinking water. 

The standards shall distinguish compounds that characterise the groundwater aquifer, 
compounds that are detrimental to water treatment and distribution system and 
compounds that are detrimental to health, including the risks of acute as well as chronic 
diseases.  

 
Monitoring of the quality rural domestic drinking water supply shall be cost-efficient and 
based on a risk assessment  

Water quality monitoring is expensive and a significant operational cost. Monitoring of 
groundwater sources and drinking water supply in rural areas should therefore reflect the 
size of the population served and the risk of increases in concentration of specific pollutants.    

Chinese standards for drinking water quality introduced in 2007 conform with the highest 
international standards, but have proven disproportionally expensive to implement and 
enforce.  

To be cost-efficient future water quality monitoring should be based on a limited set of 
parameters identified by risk assessment rather than include large standards set of 
parameters, which are unlikely to occur or pose no risk to human health.  

The program would include the inherent water quality, for instance iodine and fluorine in 
saline water, arsenic and nickel in aquifers overlain by organic deposits or barium in water 
from limestone aquifers, while the risk of pollution by leaching of nitrate and pesticides 
should be assessed in agricultural areas.   
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Standards for treatment of rural drinking water  

Domestic water supply in rural areas of China is mainly based on groundwater, which is used 
either directly from wells or treated by chlorination before distribution to households. 
Chlorination reduces the risk of bacteriological contamination and resulting acute thickness, 
but does not eliminate other pollutants, which carry the risk of chronic sickness by long-term 
exposure, such as nitrate, iodine, fluorine, arsenic, the so-called heavy metals and pesticides.  

The treatment of groundwater should be tailored to the known pollutants. Basic treatment 
would typically comprise aeration followed by sand filtration and according to Chinese 
standard also chlorination to reduce the risk of bacteriological pollution that may cause 
acute sickness. Advanced treatment may range from biologically active slow sand filters or 
charcoal filters to various post-treatment technologies, such as oxidation by ozone, 
disinfection by UV-light or membrane technologies, which can deliver drinking water quality 
from most types of weakly polluted groundwater.  

 
Standards for design of the capacity of rural drinking water systems 

The basic needs of drinking water varies with climate, but is generally in the order 4-6 litres 
per capita per day (lcd), a number which appears to be reflected in Chinese standards for 
domestic water supply, creating substantial confusion at local levels and leading to 
construction of rural water supply systems, which are neither technical nor financially viable.  

More realistic estimates are that the demand rises to 7-9 lcd when water for food 
preparation and cooking is added rises to about 30 lcd, when water for basic hygiene is 
included, and to 50 lcd if piped in-house water supply becomes available. As reference the 
Ministry of Water Resources aims at supply of 80 lcd from new centralised rural water 
supply systems.  

These examples indicate the need to set clear standards for design of the capacity of rural 
water treatment plants and distributions systems and publicise the efficiently.  

 

6 Suggestions for further expert exchanges 

The following in-depth expert exchanges, seminars or workshops on specific topics of the 
groundwater policy, legislation and standards may be considered: 

• 10-year Action Plan for improvement of the quantity and quality of groundwater 
resources in China 

• Merits of policy priority for groundwater-based rural water supply 

• Implementation of total quantity control by registration and permitting of 
groundwater abstraction 

• Monitoring systems for groundwater quantity and quality, setting baselines and 
thresholds for action on declining trends 

• Mechanisms for full cost recovery of rural domestic water supply using pro-poor 
water tariffs 
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• Approaches and technologies for identification, mapping, assessment and protection 
of groundwater resources 

• Authorisation of groundwater drilling companies comprising training in application 
for drilling permits, drilling technology, protection against surface and inter-aquifer 
pollution and assessment of sustainable yields 

• Technologies to produce “fit for use” water from different types of groundwater, 
including slightly polluted groundwater    
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Appendix 1 

Appendix 1. Outline of main hydrogeological units of China 
Mountainous regions 
In mountainous regions groundwater is confined to fracture aquifers in crystalline and 
calcareous rocks, of which only the calcareous limestone have significant groundwater 
potential. Minor aquifers in porous alluvial deposits may occur in river valleys. The ancient 
Karez tunnel system in Xinjiang is one of the few examples of large scale abstraction of 
groundwater in mountainous areas.  

Plateaus 
The Yunnan Plateau is formed of limestone and sandstone. It is often considered as a dry 
region, because rainfall rapidly infiltrates the shallow soils to recharge highly fractured 
limestone aquifers. Numerous rivers, which have their springs within and around the Yunnan 
Plateau, such as the Hóng Hé and Chi Shui Hé, however testify to rich groundwater aquifers 
in the limestone and the red (Danxia)sandstone, which borders the plateau to the North. 

The Loess Plateau across North Central China has porous aquifers in fluvio-glacial deposits 
intercalated with the windblown clayey loess. The groundwater potential varies with rainfall 
which ranges from 250 mm to 750 mm per year.  

Intra-montane basins 
China has four major intra- or marginal mountain basins, the Tibetan Basin, the Sichuan 
Basin, the Tarim Basin which underlies the Taklamahan Desert in front of the Kunlun 
Mountains and the Western Rivers Basins in the Gobi Desert in front of the Qilian 
Mountains.  

The basins are characterised by porous aquifers in coarse alluvial rocks deposited by rivers 
emerging from the rapidly eroding mountains and often stretching far in front of the current 
mountain ranges. These deep aquifers are covered river deposits, which with increasing 
distance from the mountains become increasingly fine-grained with clayey flood plain 
deposits separating sand aquifers in old meandering river beds.  

The Tibetan and Sichuan basins are drained by the Chanjiang and the Huang He and their 
tributaries, while the rivers of the Tarim and He Xi Corridor flow across the mountain 
foreland to terminate in inland deltas and lakes such as the Minqin Oasis and the Taitema, 
Tarim and Lop Nur lakes and wetlands. 

River Valleys 
River valleys, whether small or large, always host porous alluvial aquifers and often have 
great potential for abstraction of river water from river bank infiltration galleries, which offer 
natural filtration of river water and some buffering of the surface water quality. 

Flood plains, deltas and estuaries 
The vast floodplains, deltas and estuaries of China’s major rivers have a similar structure as 
the inland basins, but the alternating periods of expanding deltas and rising sea levels means 
that aquifers are often stratified with alternating layers of freshwater and saltwater aquifers. 

The stratification and proximity to the sea pose a substantial risk for mixing of freshwater 
and saltwater if the groundwater abstraction is not well managed.  


