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Abstract Mine reclamation bonds are used in countries with mineral mining to ensure that reclamation of the mined area is

completed. The United States, Canada, and Australia are countries with established mine reclamation bond programs, with the

United States coal system having been in place since 1977. China implemented a bonding system in 1998 and by 2013 all 31

provinces had established a system. An effective bonding system must be conditioned on fair and enforceable nationwide

reclamation standard, stimulate companies to conduct reclamation by forming economic incentives rather than penalties that

become a liability, and allow for full public participation. Based on these principles, this paper compares seven important factors

for a successful reclamation bonding system: laws and regulations, administrative authority, bond types, bond size, calculation

method, bond release, and public participation. The results show variation in policies and procedures for bonding among countries.

Using principles and policies primarily from the United States, China should establish a national reclamation bonding systemwith

legislation that forms a national authority to oversee and enforce reclamation standards and bond requirements. In addition, China

can expand bond financial types and strategies, set the size of reclamation bonds at the level of a third-party reclamation cost, and

set unified standards for calculation. Phased bond release should be established with specific reclamation criteria for each phase of

release. Finally, bonding regulations should clearly identify opportunities for full public participation in the process.

Keywords Mining legislation � Administrative authority � Bond types � Size of bond � Calculation method � Bond release �
Public participation

1 Introduction

Mining produces materials that are essential to human

needs, but the mining process also disturbs the environ-

ment, including the ecosystem and organisms, land surface,

and hydrologic balance (Zipper et al. 2011). In the United

States alone, from 1930 to 2000, coal mining altered 2.5

million ha of natural landscape, most of that land originally

being forested landscapes (MacDonald et al. 2015). In

Canada, coal is mined primarily in the three western Pro-

vinces of British Columbia, Alberta and Saskatchewan

with estimates of 200000 ha of land being disturbed

(Fedkenheuer and Macyk 2000). According to the

Queensland Resources Council, there will be as much as

120000 ha of land disturbed from mining by 2020 in

central Queensland, Australia (Slezak and Robertson

2016). Coal mining in China produced over 2 billion metric

tons of raw coal in 2012, with much of that coming from

underground mines. Estimates for land surface impacts

from subsidence are as high as 1 million ha (Hu 2009).

Mine reclamation is required by the governments of

most countries. Before the mining process begins,
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companies develop mining plans that outline the process of

land disturbance to obtain the mineral resource. The min-

ing plan also outlines a reclamation procedure to restore the

land to a productive post-mining land use (Skousen and

Zipper 2014). Common reclamation goals include back-

filling and regrading to a specified landform, replacing

topsoil, and establishing a vegetation cover to meet the

land use goals of the landowner. The mining plan and

reclamation plan are the basis for a mining permit issued by

the regulatory authority with the objective of mitigating

mining impacts to land and water.

As part of the mining permit application, the mining

operator is also required to post a reclamation bond. The

reclamation bond provides a financial guarantee that the

land being disturbed for the operation of the mine will be

reclaimed to an acceptable condition. If the operator suc-

cessfully completes reclamation according to the require-

ments of the reclamation plan, the reclamation bond is

released to the operator. If the operator fails to reclaim the

site and all means are exhausted to compel the operator to

reclaim the site, then the reclamation bond is forfeited and

used to reclaim the land under the supervision of the reg-

ulatory authority.

1.1 Reclamation bond types

Reclamation bonds can be provided or purchased in several

ways. The most commonly used types are as below.

1. Companies can deposit cash or liquid assets directly

into an account that is accessible to the regulatory

authority. Assets such as certificates of deposit, bank

guarantees, first-lien interests in real estate, and other

financial holdings may be deposited.

2. Companies can purchase an insurance policy from a

financial surety provider that will pay out the insured

amount of reclamation bond if the mining permit is

forfeited. The insurance policy is for a specified length

of time for which the company pays a premium for the

coverage.

3. A surety bond is a three-party contract between a

mining company, a surety company, and a regulatory

agency. The mining company is obligated to conduct

reclamation and the surety company is a secondary

source of funds to the mining company. The mining

company is still the primary source of funds for

reclamation.

4. A trust fund is a financial account managed by a third-

party or trustee. The mining company places an

agreed-upon amount into a trust fund and a designated

trustee manages the funds provided by the mining

company. The funds become payable to the regulatory

authority if the company fails to perform reclamation.

5. Companies can be self-bonded or provide corporate

guarantees. This means that the company relies on its

own financial strength to provide assurance for recla-

mation by meeting certain financial tests established by

the regulatory authority without depositing assets into

an account directly or the use of a separate surety

company.

6. A bond pool is an alternative bonding program where

members in the bond pool pay membership and

resource extraction fees. The money in the bond pool

increases in size with fee collection and investment

options. The amount or rate at which a specific

member pays into the bond pool is conditional and

based on their risk history. Companies may be

assigned a rating of A, B, or C, based on their

compliance history with permit obligations.

1.2 Factors considered when determining bond

amount

Most reclamation bond calculations include estimates of

the potential disturbance area and other liabilities such as

infrastructure or water treatment. The amount of money for

the reclamation bond is usually based on an analysis of

anticipated liabilities in the event of forfeiture. Most reg-

ulatory authorities have a process for calculating liabilities

and thus have a way to determine bond amounts for a given

property based on site factors and the nature of the dis-

turbance and the jurisdiction’s environmental and land use

requirements. The liability analysis is based on several

considerations such as the period of operation, size and

depth of the disturbance, underground and surface water

handling and treatment, equipment and facilities removal

and disposal, hazardous waste disposal, landscape

restoration and earthwork, topsoil replacement, and

revegetation. For example, the United States Forest Service

summarized the factors that it uses to determine bond

amounts on United States federal lands with the following

(Marks et al. 2004): (1) interim operations and mainte-

nance, (2) hazardous materials, (3) water quality, (4)

demolition, removal and disposal of uncontaminated

structures, equipment and materials, (5) earthwork, (6)

revegetation, (7) mitigation, (8) long term operation,

maintenance and monitoring.

1.3 Use of bonding

Bonding offers several advantages. It provides an assurance

that a disturbance will be reclaimed either by the mining

company or the regulator or a combination of both. It also

provides the funding or a mechanism for funding that is

needed to complete reclamation. One disadvantage of
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bonding is the added cost to the mining company for setting

aside sufficient funds before the disturbance starts. The

capital investment of placing a large sum of cash in a bond

fund or financial account can put the company in fiscal

difficulty from the start. Another disadvantage is that the

funds allocated for the bond initially may become insuffi-

cient to complete reclamation later when new standards or

different reclamation requirements emerge. Therefore, some

type of periodic review or recalculation is needed.

Although reclamation bonding may have some disad-

vantages (Shogren et al. 1993), international experience

has proven that the bonding procedure is an effective and

reasonable practice to ensure reclamation if a company

defaults on permit obligations (McLeod 2000; Cheng

2009). As such, the use of bonding is common in the

mining industry worldwide (Gerard 2000; Cheng 2009).

One of the first United States laws requiring a reclamation

bond in coal mining was Pennsylvania’s Anthracite Strip

Mining Law of 1947. Other United States eastern states

followed this approachwith gradual increases in reclamation

requirements during the ensuing 30 years. In 1977, the

national Surface Mining Control and Reclamation Act

(SMCRA) was passed by the United States Congress, which

included strong bond provisions to ensure reclamation

occurred if the mining company defaulted on its obligations.

To promote mine reclamation, China implemented a

bonding system in 1998 in Zhejiang province. By 2013, all

31 provinces (including autonomous regions or municipali-

ties that are directly under the central government) have

established bond systems. But it is relatively new and has not

developed some of the provisions found in bonding systems

of other countries. Currently, only 25% of land disturbed in

China has been reclaimed (Liu 2011), while countries with a

longer history of bonding systems such as the United States

and Australia have 80% of disturbed lands reclaimed (Luo

and Wang 2010). Therefore, the older bonding programs of

other countries may provide successful options and practices

for reclamation bonds in China.

1.4 Standards for the evaluation of reclamation

bonding system

An effective reclamation bonding system should have the

following features (Cheng 2009):

1. Must be based on fair and enforceable nationwide

reclamation standards for mining companies.

A successful reclamation bonding system should be a

‘fair’ system. That is, all the mining companies throughout

the country should face the same requirements and costs

per unit of disturbed area for reclamation. Reclamation

bonds help to ensure reclamation of the disturbed area and

to enhance public welfare and attitude.

2. Stimulate companies to conduct reclamation by form-

ing economic incentives rather than penalties that

become a liability.

Reclamation is no longer viewed as an extra cost or

option for mining companies; rather it is a rule that mining

companies reclaim the land and undo the damage resulting

from the mining operation. This principle reflects the

proper ethical philosophy for environmental protection.

The main purpose of reclamation bonding is to make the

mining companies bear the external cost caused by mining

activities and perform reclamation work by themselves, not

to collect a huge reclamation fund for the regulatory

authority. Therefore, an effective reclamation bonding

system should achieve this purpose.

3. Allow for full public participation.

The well-being of society is based on a clean and healthy

environment. The public is affected both positively and

negatively by mining operations. They receive the benefits

of economic development and jobs the company provides,

but they also bear the burden of a poor environment in the

long term if there is little or no reclamation. Therefore, the

public should have the right to participate in mine permitting

and the reclamation bonding system. In addition, public

participation can create a social consciousness that can be

both for and against mining operations, place strong pressure

on the credibility and reputation of mining companies, and

supervise or demand reclamation performance. Thus, the

purpose of reclamation bonding systems can be more easily

achieved with public participation.

Important factors of a bonding system are: (1) laws and

regulations which are passed to set standards and

enforcement, (2) authority or agency that enforces laws and

administers the reclamation bond, (3) type of bond to be

collected, (4) size of the bond, (5) method of calculation,

(6) provisions for release of the bond, and (7) public par-

ticipation. The objective of this paper is to use the above

factors to compare bonding systems in four countries

(United States, Australia, Canada, and China) and provide

recommendations for a sustainable and effective bonding

system in China.

2 Current bonding systems in the United States,
Australia, Canada, and China

2.1 The United States

All coal mining operations in the United States are subject

to state and federal laws governing reclamation perfor-

mance and bonding requirements. While laws exist for

non-coal resource extraction, regulation of the coal
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industry is significantly more mature and detailed than that

found for the non-coal mining industry (Gorton

2013).Therefore, the bonding system for the United States

coal industry will be used as the example.

2.1.1 Laws and regulations

Surface coal mines prior to 1950 in the United States were

generally left with little to no reclamation. As government

regulations progressed, mining companies were required to

backfill the area and plant grasses or trees (Gorman et al.

2001; Skousen et al. 2006). During the ensuing 30 years,

more requirements were instituted to promote reclamation

and some states hadmore stringent laws and regulations, and

some had a reclamation bond. When the Surface Mining

Control and Reclamation Act was passed in 1977 (SMCRA),

the United States mining companies were required to post a

reclamation bond as part of the mining permit to ensure that

the regulatory authority would have sufficient funds to

reclaim the site if the company failed to complete the

reclamation plan approved in the permit. The Surface

Mining Control and Reclamation Act established the legal

requirement of reclamation bonds and created a federal

agency to implement the provisions of the act (Code of

Federal Regulations Title 30, Chapter 25, Section 1259).

This federal agency, the Office of Surface Mining Recla-

mation and Enforcement (OSMRE), has established detailed

provisions for reclamation bonds (Office of Surface Mining

Reclamation and Enforcement 2000a, b). ‘Primacy’ means

that a state assumes the primary enforcement responsibility.

Most coal-producing states have ‘primacy’ to enforce the

Surface Mining Control and Reclamation Act and have

enacted their own state statutes, which meet or exceed the

national regulatory requirements to control environmental

impacts of coal mining activities (Gorton 2013).

2.1.2 Administrative authority

The Office of Surface Mining Reclamation and Enforce-

ment is the federal administrative authority governing the

provisions for reclamation bonds. The Office’s objective is

to ensure that citizens and the environment are protected

during mining and that the land is restored to beneficial

uses when mining is finished. The headquarters of OSMRE

are located in Washington DC with three regional offices in

the Appalachian, Mid-Continent, and Western regions.

Besides the management of reclamation bonds, it also

provides technical training both in the legal and adminis-

trative aspects of bonding and in the calculation of recla-

mation bond amounts.

For states with primacy, reclamation standards and

enforcement are administered by their own state reclama-

tion agency. The OSMRE has the right of regular and

special inspections in an oversight role. If OSMRE finds

that a state regulatory authority has not taken appropriate

action or shown good cause, it may issue a federal notice of

violation or take other enforcement action directly against

the mining company or permit holder (Power 2010).

2.1.3 Bond types

Several types of reclamation bonds are available to com-

panies in the United States: (1) cash; (2) certificates of

deposit; (3) first-lien interests in real estate; (4) letters of

credit; (5) federal, state, or municipal bonds; (6) investment-

grade securities; (7) corporate surety bonds; and (8) self-

bonds. Bond types vary from state to state but they must be

one of the types recognized by OSMRE (Office of Surface

Mining Reclamation and Enforcement 2016). Some states

such as Colorado, North Dakota and Wyoming accept any

combination of these types of bonds, while Montana does

not allow self-bonding. Some states authorize or require

mining companies to participate in a ‘‘bond pool.’’ Bond

pools gained popularity in the 1990s and by 2014, six states

had utilized some form of bond pool (Conrad 2014).

2.1.4 Size of the bond

According to the Surface Mining Control and Reclamation

Act, the performance bond provides a guarantee that funds

will be available to the regulatory authority to complete the

approved reclamation plan in the event that the mining

company fails to do so (Office of Surface Mining Recla-

mation and Enforcement 2000a, b). It should be based on,

but not limited to, the estimated cost of the reclamation

plan submitted by the permit applicant and should reflect

the probable difficulty of reclamation, giving consideration

to such factors as topography, geology, hydrology, and

revegetation. The OSMRE wrote a guidance document

called the Handbook for Calculation of Reclamation Bond

Amounts (Office of Surface Mining Reclamation and

Enforcement 2000a, b). The handbook’s bond calculation

assumed that the bond amount would be sufficient to

engage a third-party contractor to complete the reclamation

plan and to reflect the worst-case scenario (or the maxi-

mum reclamation cost liability). It also required that the

liability calculation be based on at least two estimates from

the OSMRE and a third-party reclamation entity, taking

into account that unanticipated events may increase the

reclamation liability. The minimum amount of the bond for

one permitted parcel is $10000.

2.1.5 Bond calculation

The Handbook for Calculation of Reclamation Bond

Amounts made a detailed description of the five major
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steps in bond calculation (Office of Surface Mining

Reclamation and Enforcement 2000a, b).

1. Determine the point of maximum reclamation cost

liability.

2. Estimate direct reclamation costs such as earthmoving,

revegetation, and the removal and demolition of

structures not to be retained as part of the post-mining

land use.

3. Adjust direct costs for inflation.

4. Estimate indirect reclamation costs, including contrac-

tor and equipment mobilization and demobilization

charges, contingency allowances, redesign expenses

(including surveying, aerial photography, and moni-

toring in support of this effort), profit and overhead,

and contract management fees.

5. Calculate the total bond amount.

The Handbook is used when calculating bonds where

there is no state primacy under a Federal lands program or

whenever the OSMRE issues a permit for surface mining

operations. It also can be used by the OSMRE during

oversight of approved state programs as a technical guide

when assessing the adequacy of bonds, although the states

are not compelled to adhere exactly to the methods in the

Handbook.

Many primacy states have their own calculation meth-

ods. In Colorado, bonds are calculated on a task by task

basis with an automated calculation program. Ohio has

developed a Performance Security Spreadsheet that engi-

neers use to estimate the cost of reclamation (Interstate

Mining Compact Commission 2013).

2.1.6 Bond release

According to federal regulations that implement the Sur-

face Mining Control and Reclamation Act, the release of

the bond can be divided into three phases. Each phase has

specific reclamation completion criteria. Phase 1 release

may occur after the operator completes the backfilling,

regrading, and surface water drainage control of the bonded

area in accordance with the approved reclamation plan.

After completing this phase, 60% of the bond or collateral

for the applicable permit area can be released. Phase 2

release may occur after vegetation has been established on

the backfilled and regraded mined area in accordance with

the approved reclamation plan. The amount of bond

released for Phase 2 is an additional 25% of the total

reclamation bond. Phase 3 release may occur after the

mining company has successfully completed all mining

and reclamation requirements in the permit. After Phase 3,

the remaining 15% of the bond is released.

Based on the three-phase release specified by the Act,

primacy states may make their own guidance. For example,

in Wyoming, bond release includes a total area release, as

well as Phase 1, Phase 2, and Phase 3 incremental bond

release. Each phase has the performance standards the

operator must meet (Krzyszowska-Waitkus and Blake

2011). Some states minimize the use of phased-bond

release especially where long term water treatment is a

possibility.

2.1.7 Public participation

The Surface Mining Control and Reclamation Act made

detailed provisions for public participation in the release of

the bond. Citizens can attend public hearings, be aware of

mining activities through notices in local news outlets,

write or deliver personal comments to regulators, and

request visits to the mining area.

2.2 Canada

In Canada, mining companies have been required by law to

reclaim all lands disturbed by mining since 1969 (Tech-

nical and Research Committee on Reclamation 2010). All

the provincial and territorial governments in Canada have

legislation in place to provide financial assurance for

reclamation in the event the mine operator is unable to do

so (Fraser Institute 2015). After the mining company

conducts the proper site reclamation, the financial security

deposit is returned to the company.

2.2.1 Laws and Regulations

Unlike the United States, laws and regulations for mine

reclamation and bonding in Canada reside primarily at a

provincial level. For example, the British Columbia Min-

istry of Energy, Mines and Petroleum Resources sets out

criteria and the Mines Act requires a company to estimate

the cost of reclamation and establish the bond amount

(CCSG Associates 2001). In Alberta, reclamation certifi-

cates are required for mining operations as directed by the

Environmental Protection and Enhancement Act (Alberta

Energy Regulator 2015). In Ontario, the Mining Act of

1990 (Bill 26), Chapter M 14, Part VII covers the

requirements and specifies standards, procedures and

requirements needed for rehabilitation and closure (World

Bank Group 2008).

2.2.2 Administrative authority

No national authority exists in Canada. Each province or

territory has its own administrative authority over the bond.

For example, bonding in the Yukon Territory is regulated

by the Department of Indian Affairs and Northern Devel-

opment and Yukon Territory Water Board (Searle 2000).
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Bonding in Ontario is administered by the Ministry of

Northern Development and Mines (World Bank Group

2008), while British Columbia reclamation bonding is

administered by the Ministry of Energy and Mines (British

Columbia 2015).

2.2.3 Bond types

Several bond types are acceptable in Canada including

cash, letters of credit, surety bonds, government bonds,

trust funds, company guarantees, investment certificates,

self-bonds, and combinations of these. Differences exist

among provinces. For example, in British Columbia, cor-

porate guarantees and self-bonds are not acceptable types

of financial assurance for sites which may have long term

water quality and liability concerns (CCSG Associates

2001; World Bank Group 2008). In Alberta, the Mine

Financial Security Program is used to collect financial

security from the oil sands and coal industry to protect the

public from paying for end-of-life project closure costs. It

allows for security deposits to be made that will account for

potential risks during the life cycle of the mine.

2.2.4 Size of the bond

The size of the bond differs among provinces. A survey in

2001 found that most Canadian governments did not cal-

culate security bond amounts equal to the full cost of clean-

up. No examples were found of a security bond that was

sufficient to cover the full costs of remediating a site

(CCSG Associates 2001).

2.2.5 Bond calculation

Bond calculation in Canada is generally based on current

construction rates and third-party estimates. Contingency

surcharges are imposed and range from 10% to 30% add-on

depending on the degree of uncertainty. British Columbia

and Northwest Territories provide a costing spreadsheet to

use and others use a reclamation model or a regulatory guide

(British Columbia 2015; Cowan et al. 2010).

2.2.6 Bond release

In Ontario, the bond may be available for on-going reha-

bilitation. If some of the work is carried out in accordance

with legislative requirements, some of the bond may be

released considering the current value of the remaining

rehabilitation work. After successful mine closure, the

bond is released but some funds may be retained for short

term monitoring costs or long term care (World Bank

Group 2008). In the Northern Territories, securities are

deposited with the Department of Indian and Northern

Affairs (DIAND) and held until reclamation and closure

are completed to the satisfaction of DIAND (Searle 2000).

2.2.7 Public participation

In Ontario, the public has an opportunity to review closure

plans, but the security amounts are not open to public

review (World Bank Group 2008). Under British Columbia

mining legislation, there are no specific legal requirements

mandating public participation in setting mine securities or

bonding (Fair Mining Collaborative 2015).

2.3 Australia

All Australian states have a requirement to elicit a security

deposit by the leaseholder against possible failure to

rehabilitate or meet the environmental requirements after

mining (McLeod 2000).

2.3.1 Laws and regulations

Laws about bonding vary among Australian states. For

example, in Western Australia, provisions for reclamation

bonding are encompassed in the Mining Act of 1978. In

Queensland, the Mineral Resources Act of 1989 requires

that a ‘‘security’’ is deposited prior to a mining title being

issued. The Environmental Protection Act of 1994 requires

the rehabilitation program to include the proposed amount

of the financial surety for larger projects while the Codes of

Environmental Compliance require a financial surety for

small projects. A single surety can be used to cover the

requirement of both the Mineral Resources Act and the

Environmental Protection Act (World Bank Group 2008).

2.3.2 Administrative authority

Each state has its own administrative authority for bonding.

For example, the Department of Mines and Petroleum of

Western Australia administers mining securities on behalf

of the Minister, in accordance with the provisions of the

Mining Act of 1978. Bonding requirements are guided by

departmental policy and administrative procedures

(Government of Western Australia 2010). In Queensland,

the Department of Mines and Energy is responsible for the

receipt and management of both the security under the

Mineral Resources Act and the financial surety under the

Environmental Protection Act (World Bank Group 2008).

2.3.3 Bond type

Bond types differ among Australian states. Accept-

able forms of financial surety in Queensland include cash,

bank guarantees, letters of credit, and insurance bonds. In
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Western Australia, before 2014, the bond type was usually

in the form of a performance bond fully guaranteed by a

bank or other acceptable financial institution, which must

show the name of the licensee. It should not be in the form

of cash. A performance bond is a contract between the

Minister for Mines and Petroleum and a third-party of

financial standing acceptable to the Minister. The third-

party will unconditionally pay an agreed sum to the Min-

ister upon his request following the failure of the mining

company to meet environmental commitments (Govern-

ment of Western Australia 2010). Since July 2014, except

in cases of high risk, the majority of mining companies are

not required to provide a bond for future approvals. Par-

ticipation in the bonding fund is compulsory except for

mining companies with a rehabilitation liability estimate

below a threshold of $50000 (Government of Western

Australia 2014).

2.3.4 Size of the bond

In Western Australia, the Department of Mines and Pet-

roleum recommended that the performance bond be set at a

level to encourage reclamation. It is based on a set of

predetermined criteria that relate to the estimated cost of

remediation and may not necessarily reflect the actual

reclamation cost. The bond covers all the land disturbed

and will be reviewed annually and increased or decreased

depending on the total area disturbed and the area suc-

cessfully reclaimed (Government of Western Australia

2014). In Queensland, bonds for exploration and small

standard mining projects are based on the total area of

disturbance and the risk associated with rehabilitation. The

bond amount for a non-standard project is made on a

project-specific basis (World Bank Group 2008).

2.3.5 Bond calculation

There are large differences among states as to how the

bond amount is calculated. In Queensland, the amount of

financial assurance is calculated by determining the cost to

reclaim the site minus any applicable discounts. To obtain

a discount, a set of mandatory criteria must first be met

(World Bank Group 2008). In Western Australia, the cal-

culation method for performance bonds uses a minimum

bond rate based on the mine’s surface area disturbance,

with minimum bond rates for small areas (Government of

Western Australia 2014).

2.3.6 Bond release

In Western Australia, the full bond amount can be returned

to the company when the mine closure standards have been

met and all environmental regulations have been achieved.

There will also be bond reduction if progressive reclama-

tion has been carried out (Government of Western Aus-

tralia 2014). In Queensland, the financial surety is not

available for on-going reclamation. However, when a new

mining operation plan is submitted and the reclamation

liability is recalculated, work that has been completed will

no longer be included in the total. The financial surety

remains in place until the Environmental Protection

Agency is satisfied that no further claim is likely to be

made against it (World Bank Group 2008).

2.3.7 Public participation

In Queensland, the government will no longer accept self-

bonds as a financial surety instrument because public

opinion has no faith in them (World Bank Group 2008). In

Victoria, there is no third-party involvement in establishing

the financial surety and no process of verification (World

Bank Group 2008).

2.4 China

2.4.1 Laws and regulations

The first real attention for land reclamation in China was in

the 1980s. In 1986, the Land Management Law was passed

by the Sixth National People’s Congress, which was the

first time China addressed reclamation in the law. It

specified that the company causing a land disturbance

should be responsible for reclamation, recovery, and land

utilization after mining. It remains as the only national law

on reclamation in China.

The Land Reclamation Regulation (LRR), effective in

1989, was then promulgated by the State Council, which

stipulated definitions, planning and management of land

reclamation. In 2006, the Ministry of Land and Resources

issued the Notice of Strengthening Land Reclamation

Management Work of Production and Construction Pro-

jects (NSLR), which incorporated a reclamation plan in the

mining license and approval process. In 2011, the State

Council issued the Land Reclamation Ordinance (LRO),

which revised the 1989 Land Reclamation Regulation.

Compared with the 1989 Land Reclamation Regulation, the

2011 Land Reclamation Ordinance further defined the

responsibility of mining companies, establishing that

reclamation plans are part of the permitting process and

that reclamation monitoring and supervision should occur.

Over the past 30 years, China’s reclamation rate of dis-

turbed land has been increased from 1% in 1987 to 25% at

present (Liu 2011).

Zhejiang Province was the first province in China to

implement a mine reclamation bonding system in 1998

(Cheng and Hu 2008). By 2013, all 31 provinces (including
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autonomous regions and municipalities that are directly

under the central government) had established a reclama-

tion bonding system and over 70000 mines have paid a

reclamation bond (Ministry of Land and Resources 2013),

which accounts for 80% of the total number of mines.

Three policies were issued that helped to establish mine

reclamation bond systems in the 31 provinces of China

(Cheng and Hu 2008). The policies were: (1) The Notice on

the Comprehensive Rectification and Standardization of

Mineral Resources Exploitation Order (NCRS) issued in

2005; (2) Guidance on the Gradual Establishment of the

Responsibility Mechanism of Mine Environment Man-

agement and Ecological Restoration (GERM) issued in

2006; (3) Provisions on the Protection of Mine Geological

Environment (PPMGE) issued in 2009.

Each policy enhanced procedures and helped to further

develop a mine reclamation bonding system. For example,

the GERM stipulated that the local Ministry of Finance, the

department of Land Resources, and the department of

Environmental Protection in each province should jointly

determine the amount of the reclamation bond based on

mineral type, size of mine disturbance, mineral output,

sales income of mineral products, the design life of the

mine, environmental treatments, ecological recovery rate,

and reclamation cost.

Besides the above three national policies, each province

has made their own regulations and implementation mea-

sures of mine reclamation bond. There are no specific laws

and regulations at the national level.

2.4.2 Administrative authority

There is no national administrative authority that oversees

reclamation standards or bonding. Most provinces stipulate

that administrative departments of land and resources at or

above the county level calculate, collect, and release bonds.

2.4.3 Bond types

There is no national standard for the types of financial

instruments that can be used for reclamation bonds in

China. Except Shandong Province, reclamation bonds in

the other 30 provinces can only be in the form of cash. In

2015, Shandong Province specified that the bond submitted

can be in cash or other non-cash guarantee forms such as

performance bonds or letters of credit provided by a bank.

The non-cash bond in Shandong Province must be sub-

mitted to the Department of Land and Resources. The cash

bond in most provinces is required to be deposited directly

into a special financial or bank account jointly administered

by the financial department, the Department of Land and

Resources, and the mining company.

2.4.4 Size of the bond

Most provinces collect the reclamation bond according to

the principle of ‘‘not lower than the treatment fee.’’ For

example, administrators of mine reclamation bonds in

Tianjin municipality, Shandong province, and Anhui pro-

vince all stipulate that ‘the bond collected should not be

lower than the treatment fee.’

2.4.5 Bond calculation

There is no unified bond calculation method in China.

Some provinces calculate the bond based solely or in

combination with the mineral type, the mining area, a

percentage of sales revenue, and the mineral output. Most

provinces use a combination of these criteria to form a

basis (Cheng 2009). For example, Guizhou Province

determines the amount of bond according to mineral type,

the designed mining scale, and the valid period of the

mining permit. Zhejiang Province calculates the bond

according to the designed mining scale and a scaling

coefficient based on the depth of mining disturbance.

2.4.6 Bond release

Most provinces stipulate that the bond shall be released at

one time after all the reclamation work is finished if the

period of the permit is less than 3 years. Bonds for those

mines whose permit period is more than 3 years shall be

released after each reclamation phase is fulfilled. But most

of the provinces do not make detailed reclamation stan-

dards for each phase in their regulations or the standards

are not specific.

2.4.7 Public participation

There is no public participation allowed in the regulations

of China’s 31 provinces concerning the collection and

release of bonds, nor in the enforcement of regulations and

reclamation standards.

3 Comparison and discussion

Table 1 summarizes current mine reclamation bonding

policies in the United States, Canada, Australia and China.

3.1 Laws and administrative authority

Laws and administrative authority provide that the recla-

mation bonding system has legal status and is enforced.

From the above table, it can be seen that among the four

countries, only the United States has a law and
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administrative authority for reclamation bonding at the

national level. There are no laws or administrative

authority for reclamation bonds at the national level in

Canada and Australia, and each province/state has its own

reclamation laws and administrative authority. In China,

national laws and regulations and administrative authority

for reclamation bonding also do not exist. Rather, each

province has its own regulation of bonds and the bond is

usually administered by departments of land and resources

at or above the county level in each province.

Compared to provincial or state laws and regulations,

national laws help to establish a unified and standardized

reclamation bonding system, which must be based on fair

and enforceable nationwide reclamation standards for

mining companies. National laws also have greater weight

and binding force for implementing reclamation standards

and bond systems. Before the Surface Mining Control and

Reclamation Act in the United States, some states had

their own laws governing surface mining, but these state

laws varied widely, enabling mining operations to relocate

to states where regulations were less strict. The passage of

the Surface Mining Control and Reclamation Act equal-

ized reclamation standards across states and provided a

baseline of procedures for reclamation practices, enforce-

ment, and bonding. A national regulatory authority of

bonding (the OSMRE) was also created. Reclamation

bonds are required for all active mines throughout the

country. If the mine permit applicant cannot submit the

bond according to the provisions in the Surface Mining

Control and Reclamation Act, supervised by the OSMRE,

the company will not be granted a mine permit anywhere

in the country.

3.2 Bond type

The United States, Canada, and Australia accept a variety

of financial instruments and assets for reclamation bonds

including cash, corporate assets, letters of credit, real

estate, surety bonds, insurance bonds, trusts, and bond

pools. In China, only Shandong Province uses non-cash

bonds but has only approved this circumstance since 2015.

All other provinces in China accept only cash bonds.

Financial assurance is usually divided into hard and soft

assurance (Miller 1998). The hard forms involve cash and

company assets that are placed in an account. The soft

forms of assurance are based on liens and lines of credit.

Even these forms of assurance represent a significant bur-

den in that they reduce the credit rating and borrowing

ability of the company (Miller 2005). With the economic

burden caused by reclamation bonds, many companies

have turned to bond pools where allowed. Reclamation

bonds composed of a combination of hard and soft funds

may be more acceptable in the future (Searle 2000).

Although a cash bond may be a preferred type for

administrative authorities because of low risk as stated

above, a desirable bonding system should form economic

incentives rather than economic burdens for mining com-

panies (Cheng 2009). There is evidence that the high cost

of bonding sharply reduces investment in and by the

mining industry. Cash bonds are expected when the credit

or strength of the mining company is unknown or ques-

tionable, or the permit time is short. But cash bonds impose

great liquidity constraint and economic burdens on many

companies, particularly small companies, and other types

of bonding types should be allowed for more established

and reputable companies.

Self-bonding is coming under particular scrutiny. In the

United States, self-bonding for coal companies tops $3.3

billion nationwide, which includes $2.3 billion in liabilities

(Gruver 2016). As the industry declines, more companies,

who were previously strong and solvent, have filed for

bankruptcy (Mufson and Warrick 2016). In some cases,

money available to cover the cost of reclamation was not

posted as a bond, and the company had no financial reserve

to complete reclamation and environmental cleanup (Gru-

ver 2016). Therefore, there has been a move away from

self-bonding. The states of New Mexico and Nevada in the

United States limit self-bonding to no more than 75% of a

company’s reclamation liability (Conrad 2014).

3.3 Size of bond and calculation method

The core of a reclamation bonding system is the size and

the method of calculation for the bond amount. If the

amount calculated is too small, there will be a huge capital

gap for reclamation and the land will be left unreclaimed or

result in a great financial burden to the government and

community to reclaim the operation once the mining

company forfeits their reclamation obligation. If the size

calculated is too large, it will negatively impact the mining

company’s fiscal capacity and potentially affect mine

development (Cheng 2009).

Among the four countries, Canada does not calculate

bond amounts equal to the full cost of reclamation and

bond amounts in Australia do not necessarily reflect the

actual cost. China’s level is not lower than the treatment

fee. None of these countries have a unified calculation

method at the national level. Only the United States cal-

culates bond amounts at a third-party reclamation cost and

has unified the calculation method with rules established by

the OSMRE.

A preferred mechanism of a reclamation bonding system

is that the bond amount be sufficient for a third-party to do

the reclamation work and supervised by the administrative

authority. The cost should also include all administrative,

maintenance, and monitoring costs (World Bank Group
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2008). In Canada, the lack of calculating the reclamation

bond with a third-party and administration cost analysis has

decreased incentives for companies to act responsibly and

complete reclamation and closure, and therefore increases

the risk to public financial resources and health (CCSG

Associates 2001). In China, few mining companies reclaim

the disturbed land, or have any of the bond refunded,

because the bond amount paid is lower than the reclama-

tion costs (Xiao et al. 2010; Yan et al. 2012). This defeats

the original intention of a bonding system which should be

to encourage mining companies to fulfill reclamation

obligations and have the bond money returned. Bond

calculations based on a third-party reclamation cost pro-

vides an incentive for a company to complete reclamation

work by itself because it can do so less expensively than a

third-party (CCSG Associates 2001). A unified bond cal-

culation method can help to ensure the adequacy of bond

amounts and will contribute to fairness among mining

companies for reclamation.

3.4 Bond release

Release of the bond is the important final key piece of a

bonding system. The United States releases mine

Table 1 Comparison of mine reclamation bonding system in the United States, Canada, Australia and China

Item United States Canada Australia China

Laws and

regulations

Surface Mining Control and

Reclamation Act

(SMCRA) with

accompanying state laws at

least as stringent as

national law

No specific national laws and

regulations. Each province

or territory has its own law

No specific national laws and

regulations. Each state has

its own law

No specific national laws and

regulations. Each province

has its own

Administrative

authority

State mine reclamation

agency, with oversight by

the federal OSMRE. Non-

primacy states are directly

administered by OSMRE

No national administrative

authority, each province

has its own administrative

authority

No national administrative

authority, each state has its

own administrative

authority

No national administrative

authority, bond is

administered by

departments of land and

resources at or above

county level in each

province

Bond type Major bond types include

cash, corporate surety

bonds, self-bonds,

certificates of deposit, first-

lien interests in real estate,

letters of credit, federal,

state, or municipal bonds,

investment-grade securities

etc

Some states use bond pool

and trust funds

Bond types differ among

provinces and territories,

but include cash, letters of

credit, corporate surety

bonds, government bonds,

trust funds, company

guarantees, investment-

grade securities etc

Bond types differ among

states, but include cash,

letters of credit, bank

guarantees, insurance

bonds, etc. Some states use

Mining Rehabilitation

Fund

Only Shandong province

allows non-cash bonds.

All other provinces only

use cash

Size of the

bond

The bond amount would be

sufficient to engage a third-

party contractor to

complete the reclamation

plan, and reflects the worst-

case scenario

Most provinces and

territories do not calculate

security bond amounts

equal to the full cost of

reclamation

The bond does not reflect the

actual cost

Not lower than the treatment

feeor reclamation cost

Calculation

method

Directed by Handbook for

Calculation of Reclamation

Bond Amounts, written by

OSMRE

Differs among provinces and

territories

Differs among states No unified calculation

method, differs among

provinces

Bond release Phased-release with clear

reclamation criteria

Primarily one-time release at

closure

Primarily one-time release at

closure

One-time release if permit

time is below 3 years.

Phased-release beyond

3 years, but no criteria for

each phase or the criteria

is vague

Public

participation

Stipulated by SMCRA Partial public participation Partial public participation No public participation
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reclamation bonds according to a three-phase schedule

stipulated by the federal regulations that implement the

Surface Mining Control and Reclamation Act with each

stage having its own clear criteria. In Canada and Australia,

bond reduction is allowed for on-going reclamation, but

most of the bond is retained until mine closure.

In China, the bond is usually released at the end of

reclamation if the permit time is less than 3 years. If the

permit time is more than 3 years, bonds can be phase-re-

leased but most provinces do not have reclamation criteria for

incremental bond release at each stage. For example, in Jilin

province, a company can apply for release of bond money

when they have partially or fully completed reclamation

work, which is determined by the regulatory authority. The

authority has 20 days to make an evaluation after which they

may release part or all of the bond based on their evaluation

of the company’s reclamation. There are no specific criteria

about the evaluation defined in the law and therefore the

release of bonds is difficult to implement in practice.

Phased-bond release can reduce the economic burden on

a mining company and encourage and stimulate a more

proactive approach to progressive reclamation. It also

embodies the principle of concurrent reclamation and

promotes the idea that mining companies should reclaim

disturbed land actively and timely (Cheng 2010a, b).

Reclamation standards should be clearly defined so that the

reclamation work is properly done and evaluations can be

done in a timely and efficient manner.

3.5 Public participation

Among these four countries, only the United States stipu-

lates public participation in the law. There is no public

participation or only partial public participation in the

reclamation bonding systems of the other three countries.

Public participation allows local citizens and communities to

engage in the mining and reclamation process. It allows for

greater collection and access of information about the dis-

turbed site, and can promote cooperation and coordination of

the mining activity and reclamation procedures. Allowing

for public input helps to avoid wrong decisions by the reg-

ulatory authority, can reduce administrative and supervision

costs, and can promote fairness, justice and accountability

(Environmental Defender’s Office NSW 2011).

4 Recommendations for China

4.1 Establish a national law to unify

and standardize reclamation bonding system

Currently, reclamation bonds in 31 provinces are diverse

and regulated by provincial laws. A national law should be

established to unify and standardize the content of recla-

mation bonding system to create a fair and competitive

environment for mining enterprises. Since all 31 provinces

in China have implemented land reclamation bonds with

regulations, refinements can be made for a national law

from the procedures already established in provincial laws.

4.2 Create a special national administrative

authority with power to implement

the reclamation bonding system

An entity like the OSMRE in the United States could be

created within the Ministry of Land and Resources, with

branches in each province. This special administrative

authority would be responsible for the regulation,

enforcement, evaluation, collection, calculation, and

release of reclamation bonds. Under the direction of this

authority, a nationwide unified reclamation bond system

could be established to create fair and enforceable stan-

dards with realistic reclamation costs for mining compa-

nies. The bonds can be based on a per unit reclamation

cost.

4.3 Expand bond types

Besides cash, other non-cash bonds and financial instru-

ments should be promoted to lessen the economic burden

on mining companies. Expanding the types of bonds

available can be applied gradually (Cheng 2010a, b). Ini-

tially, some types of less ‘‘hard’’ bonds such as letters of

credit, trust funds, deposits of security, or a combination of

financial assurances along with cash can be available for

companies to use as financial collateral. Later, other ‘‘soft’’

types of financial securities such as corporate assets and

investments can be adopted. Self-bonding is not recom-

mended because of the experiences in other countries of

company bankruptcies and that no reserves of funds are

available to complete the reclamation work (Riley and

Isidore 2016; Corkery 2016). Research about bond types

and their suitable conditions should also be carried out by

academia.

4.4 Set the size of reclamation bond at the level

of the third-party reclamation cost and unify

the calculation method

The size of reclamation bonds should be set at the level of a

third-party reclamation cost to ensure sufficient funding for

the administrative authority to complete reclamation and to

encourage reclamation and closure by the mining company.

The calculation method should also be unified and based on

standardized costs for mining companies. The administra-

tive authority should provide guidance and publish the
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bond calculation methods so that the methods are known

and widely available. Related research should also be

carried out by academia to discover the most practical and

effective ways, and provide theoretical support for bond

calculations.

4.5 Unify the phases of bond release and establish

detailed reclamation criteria

and the corresponding amount released for each

phase

There should be a nationally unified release criteria that

allows phased-release of bonds. Supporting rules and reg-

ulations should also be formulated. Detailed reclamation

criteria and the amount released for each phase and pro-

cedures of release should be clearly stipulated.

4.6 Stipulate full public participation in legislation

Public participation in reclamation bonding systems should

be promoted. All the information on the standards, col-

lection, use and release of the bond should be open to the

public. Public evaluation and opinion, methods and pro-

cedures of engagement, and channels for communication

should be stipulated in legislation to ensure the public can

fully participate in the reclamation bonding system.

5 Conclusions

The comparisons in this paper show that the United States

has a more mature and unified reclamation bonding system

than the other three countries. Although controversies and

problems still exist where companies do not secure enough

bonds, do not update their liabilities during mining process,

the system in the United States has been highly successful

in helping companies be responsible for reclamation lia-

bilities. More than 80% of the land disturbed since 1977

has been reclaimed. As a country that implemented mine

reclamation bonding system only recently, China can adopt

laws and regulations that clearly work well from the

experience of other countries and improve many aspects of

the reclamation bonding system including the passage of a

national law and regulations, creating a national adminis-

trative authority, expanding bond types, unifying bond

calculation methods to determine the size of bonds,

establishing bond release criteria, and allowing for full

public participation in the reclamation system. Recom-

mendations for the above aspects outlined in this paper are

beneficial for the establishment of a healthy and sustainable

bonding system in China and a healthy and competitive

mining industry.
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