
     

ABSTRACT 
 

 In 2005, Ivanhoe Mines Ltd. released a development plan for open pit and 
underground copper and gold mining of the Oyu Tolgoi porphyry deposits in Mongolia’s 
Gobi desert. Ivanhoe refers to the project as the largest copper-gold development project 
in the world. Under Mongolian law, the national government maintains ownership of all 
mineral reserves, and private parties license exploration and mining rights from the 
government. A contract agreement between the government and the private mining 
company stipulates the terms of the license. The size of the state’s share in the copper 
deposit will be determined by the contract and the Minerals Law of Mongolia. The 
purpose of this project is to analyze how the contract under consideration distributes 
environmental risk when environmental financial assurance is included.  
 The basis for this analysis is a cash flow model developed by Robert Conrad for 
the Open Society Forum Mongolia and Revenue Watch. Two new cash flow models are 
created by adding self insurance and environmental fund assurance schemes to the 
Conrad model. Monte Carlo simulations are used to estimate the effects of environmental 
damages on the relative risk shares born by the Mongolian government and Ivanhoe 
Mines. Under both financial assurance models, risk shares diverge as the probability that 
environmental damage will occur increases. Risk shares also diverge as damages 
increase. The sum of the standard deviations on NPV to the government and the investor 
is higher than the standard deviation on the NPV to the project as a whole.  
 The results of this analysis are general with respect to the contract but 
independent of the environmental parameters. The results also imply that the interactions 
between environmental assurance and other contract terms will ultimately determine the 
value of the project to the parties. Given the current contract structure, any risk of 
environmental damages will necessarily result in a cost to the government. This risk may 
be unnecessary and may dampen any development benefits of the Oyu Tolgoi license.  
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I.  Introduction  

 A.  Research question 

 In 2005, Ivanhoe Mines Ltd., an international mining company headquartered in 

Vancouver, BC, released a development plan for mining of the Oyu Tolgoi copper and 

gold porphyry deposits in the South Gobi region of Mongolia. Ivanhoe refers to the 

project as the largest copper-gold development project in the world and proposes to mine 

up to 140,000 tonnes of ore per day.1 Mine development is expected to begin when 

contract negotiations between the Mongolian government and Ivanhoe Mines are 

finalized, most likely in 2008. Rio Tinto, one of the world’s largest copper mining 

companies is the primary shareholder of Ivanhoe Mines.2 

 The purpose of this project is to analyze how the contract structure under 

consideration by the Mongolian government distributes environmental risk when 

environmental financial assurance is included. Under Mongolian law, the national 

government maintains ownership of all mineral reserves. Private parties, such as Ivanhoe, 

license exploration and mining rights from the government. A contract agreement 

between the government and the mining company stipulates the terms of the license. The 

size of the state’s share in the copper deposit is determined partly by the contract and 

partly by the Minerals Law of Mongolia. By law, the state may retain up to a 34 percent 

share the value of the deposit.3 Environmental damage coverage is not included in the 

original contract currently under consideration for Oyu Tolgoi. The final contract may 

indeed assign liability for environmental damages, including both predicted reclamation 

costs and harm caused by emergencies and accidents. Further, the contract might include 

provisions for funding environmental damages, which would involve ex ante estimation 

of environmental risk. Different environmental damage liability and funding terms will 

effect the risk and net present value (NPV) shares borne by each  party. This analysis 

applies two different environmental financial assurance scenarios to the current contract 

structure and estimates the effects of various environmental risk parameters on risk shares 

                                                 
1 Ivanhoe Mines (2005). Oyu Tolgoi Project Integrated Development Plan, Executive Summary. Available 
at http://www.ivanhoe-mines.com/s/IDP.asp (downloaded October 1, 2006) [hereinafter Ivanhoe (2005)].  
2 Ivanhoe Mines, “Fact Sheet – Wed April 25, 2007,” http://www.ivanhoe-mines.com/s/FactSheet.asp 
(downloaded April 25, 2007). 
3 Minerals Law of Mongolia, Chapter 1, Article 5. Available at 
http://www.miningmongolia.mn/index.php?page=60&info_id=6&PHPSESSID=6df454b978a9a20eaf9a79
8ab80dcc50 (downloaded April 24, 2007). 



       2 
   

to Ivanhoe and the government of Mongolia. A cash flow model prepared by Robert 

Conrad for Open Society Forum Mongolia and Revenue Watch is used as the basis for 

the analysis. 

 The remainder of this section gives a broad overview of the Oyu Tolgoi project 

and its implications for the Mongolian economy and environment. 

 B. Overview of the Oyu Tolgoi project 

 Ivanhoe Development Plan 

 The Oyu Tolgoi site consists of two distinct ore sources - the Southern Oyu 

deposit and the Hugo Dummett deposit. Ivanhoe has proposed a two-phase development 

plan, where production in the first phase will begin at 70,000 tonnes of copper and gold 

ore per day and increase to 85,000 tonness per day by the seventh year of the project. The 

Phase I, development plan begins with open pit operations at the Southern Oyu deposit, 

which consists of near surface, gold-rich copper ore. At year seven,  underground block-

cave mining of more valuable ore from the Hugo Dummett deposit will replace 

production from the open pit.  The Phase I development plan includes a mine life of 40 

years, and Ivanhoe estimates an NPV of $1.5 billion at a 10 percent discount rate and an 

NPV of $2.2 billion at an 8 percent discount rate. Phase I consists of exploratory, 

construction, operations, and closure phases. The exploratory phase was conducted from 

2002 to 2004. The construction phase is spread throughout the life of the project. The 

operations phase is expected to begin in 2008. Closure is expected to begin one to two 

years before the end of the project life.4 

 Ivanhoe’s expanded case, the Phase II development plan, assumes concurrent 

production from the North and South Hugo zones and additional open pit activities, 

which could support a process plant expansion of 140,000 tonnes of ore per day. The 

expanded case includes an additional 50 years of mine life.5 The decision to undertake 

this expanded case will be made by the third year of operations. This analysis will focus 

only on the Phase I development plan and assume a 40-year time horizon for the project. 

 Economic implications 

                                                 
4 Stokes, Ernie (2005). The economic and fiscal impacts of the Oyu Tolgoi project on Mongolia. Prepared 
for Ivanhoe Mines [hereinafter Stokes (2005)]. 
5 Ivanhoe (2005). 
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 Mongolia is one of the world’s least developed nations.6 In 1990, with the collapse 

of the Soviet Union, the Mongolian economy began its transition from a communist 

regime to a market-based democratic system. Soviet assistance had been as high as one-

third of GDP, and its elimination, along with a series of natural disasters caused deep 

recessions throughout the 1990s. GDP subsequently grew in the late 1990s as a result of 

economic reforms and privatization, but droughts, severe winters, political tensions, and 

falling export prices reduced GDP growth to zero and negative rates from 2000-2002.7 

Since 2003, however, Mongolia’s GDP has grown at an average of 7.78 percent, primarily 

as a result of higher copper prices and expansion gold of production.9 Mongolia now has 

one of the most open economies in East Asia, with free prices, exchange rates, and 

interest rates.10 Market forces, however, may be in part responsible for widening the 

income gap between rural and urban populations.11 Over 36 percent of Mongolians 

currently live below the poverty line, and more than 23 percent of the population lives in 

extreme poverty, at  an average of  $0.04 per day.12 

 The mining sector accounts for 17 percent of Mongolian GDP.13 42 percent of 

Mongolia’s current work force of 1.5 million people is employed by the mining industry, 

tying it with herding and agricultural as the largest source of employment.14 There is 

currently only one copper mine in Mongolia, Erdenet, which earns over half of 

Mongolia’s foreign exchange and provides almost 25 percent of government revenues.15 

Since the move to a market economy in 1992, the mining industry has moved from state-

                                                 
6 World Bank (2007). “Mongolia - Country Brief,” 
http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/EASTASIAPACIFICEXT/MONGOLIAE
XTN/0,,menuPK:327718~pagePK:141132~piPK:141107~theSitePK:327708,00.html (downloaded 
February 16, 2007) [hereinafter World Bank Country Brief (2004)]. 
7 CIA (2007). “The World Factbook – Mongolia,” available at 
https://www.cia.gov/cia/publications/factbook/geos/mg.html (downloaded April 21, 2007) [hereinafter CIA 
World Factbook (2007)]. 
8 World Bank. World Development Indicators Database. Available at 
http://devdata.worldbank.org/dataonline/ (accessed  April 25, 2007). 
9 Ibid; World Bank Country Brief (2007). 
10 World Bank Country Brief (2007). 
11 Ibid. 
12 Based on the World Bank’s $1 per day extreme poverty line (Ibid). 
13 World Bank (2006). Mongolia: A review of environmental and social impacts in the mining sector. 
Available at http://siteresources.worldbank.org/INTMONGOLIA/Resources/Mongolia-Mining.pdf 
(downloaded February 16, 2007) [hereinafter World Bank (2006)]. 
14 Other chief employing industries include manufacturing, trade, services, and the public sector (CIA 
World Factbook (2007)). 
15 World Bank (2006). 
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owned Mongolian-Soviet joint ventures with Russia, Bulgaria, Czechoslovakia, and East 

Germany to local Mongolian companies, that often partner with Canadian, British, 

Australian, Russian, and Chinese companies.16 

 In an economic report prepared for Ivanhoe Mines, Ernie Stokes at the Center for 

Spatial Economics in Toronto, Canada, has estimated the economic and fiscal impacts of 

the Oyu Tolgoi project by comparing macroeconomic and fiscal base case projections of 

without the mine to projections of the Mongolian economy with the mine.17 Stokes 

begins his timeline at the exploratory period of the project, which began in 2002, and 

projects to the end of Ivanhoe’s Phase I plan. Stokes includes in his analysis both the 

direct effects of the project on the economy and indirect feedback effects from changes in 

capital expenditures, employment, and supply chain effects, such as those from a utility 

plant to supply power to the mine. According to Stokes, the 40 year plan will increase 

real GDP by an average of 34.3 percent over the base case. At peak production in 2016, 

Stokes estimates that GDP will increase percent to 95 percent over his base case estimate. 

Any fluctuations in project production are expected to be reflected immediately in the 

overall GDP of the country.18 

 Stokes estimates that national employment will increase by 10 percent over the 

life of the project. The largest gains in employment are expected to occur in the service 

sector, as output per worker is relatively high in the mining industry. According to 

Stokes, 95 percent of new jobs from the project will be held by Mongolians. Due to this 

increase in employment and real disposable income generated by the relatively high 

wages paid to the mining sector, consumer expenditures are expected to increase by 9.5 

percentage points over the base case projections.19   

 Stokes estimates that the project will also have a significant fiscal impact, 

increasing government revenues cumulatively by 8.8 trillion togrogs (in undiscounted 

                                                 
16 Ibid. 
17 Stokes’ base case projection is based on assumptions about the future performance of inputs into the 
Mongolian macroeconomic model, including the value and time pattern of investment expenditures, 
proportion of investment that is machinery versus construction, proportions of machinery and equipment 
that are purchased inside and outside of Mongolia, estimated number of construction workers, proportion of 
construction workers sourced outside Mongolia, value of production, estimated number of workers needed 
to run the new operations, and the proportion of these workers sourced outside of Mongolia. By changing 
these assumptions, Stokes creates his projections for the Oyu Tolgoi project (Stokes (2005)).  
18 Ibid. 
19 Ibid. 
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terms) over the life of the project and by $460 billion at the production peak in 2016. 

Corporate income taxes are expected to increase the most, followed by royalty payments, 

personal income taxes, and social security payments. Property taxes also increase by 31 

percent compared with the base case.20  

 China is one of the world’s largest copper consuming nations,21and will receive the 

majority of exports from Oyu Tolgoi. Sales of concentrate to five Chinese smelters alone 

are expected to equal 500,000 dmt per year.22 According to Stokes, Oyu Tolgoi 

production is expected to increase total exports by $54 million (2005 USD), almost 

tripling the real value of exports relative to the base case projection at the peak of 

production in 2016. Stokes expects the economy’s trade balance to improve dramatically 

as a result.23 

 Environmental implications 

 Oyu Tolgoi is located within the Galbyn Gobi Desert of southern Mongolia.  The 

project consists of three physical components: the mine license area, an access road and 

powerline corridor (extending from the mining site to the Mongolia-China border at 

Gashaan Sukhait), and a groundwater resource that relies on the Gunii Hooloi and Galbyn 

Gobi regional aquifiers.24 Each of these components poses potential environmental harm 

to the surrounding desert in terms of water quality, water hydrology, air quality, 

biodiversity, and human health. Environmental impacts from both usual mining processes 

and accidental “spills” pose significant risks to human health and the environment.   

 Under Mongolian law, Ivanhoe must complete an environmental impact 

assessment, including an environmental risk assessment to the local Soum Governor.25  

Within this impact assessment, Ivanhoe must identify and predict possible accidents and 

emergencies arising from the production process and the elimination or mitigation of 

their consequences.26 As of August 2005, Ivanhoe had identified several potential 

environmental hazards which are included in its integrated development plan.27 Ivanhoe 

                                                 
20 Ibid. 
21 CIA World Factbook (2007); Ivanhoe (2005). 
22 Ivanhoe (2005). 
23 Stokes (2005). 
24 Ivanhoe (2005). 
25 Minerals Law of Mongolia, Chapter 6, Articles 37-42. 
26

 Ibid. 
27 Ibid. 
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has conducted environmental baseline assessments and has identified 10 aspects of the 

existing environment that may be disrupted by its processes. An environmental 

reclamation and closure plan is currently in development.28 A complete environmental 

impact assessment and risk assessment is still outstanding as of April 2007.  

 Environmental damages associated with large scale mining in general and 

specifically associated with the Oyu Tolgoi project are discussed further in Section II. 

Section III outlines the legal and regulatory framework under which the Oyu Tolgoi 

contract will be structured. Section IV presents possible environmental financial 

assurance methods that may be applied to the Oyu Tolgoi project. Section V presents an 

analysis of the risk sharing effects of environmental damage scenarios, given the current 

contract and possible financial assurance instruments. Section VI presents conclusions 

and recommendations for contractual funding of the project’s environmental risks. 

                                                 
28 Ibid. 
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II.  Mining and Environmental Risk 

 The copper mining process poses risks of damages to virtually all areas of the 

surrounding environment. These risks stem not only from mining activities directly, but 

also from the influx of humans to a mining area for employment. 29 Large mines like Oyu 

Tolgoi require vast amounts of supporting infrastructure and many concomitant activities, 

from road building to camp construction to river diversion.30 The extent of environmental 

damage can therefore extend far beyond the excavation area, and include habitat loss and 

fragmentation, chemical contamination of surface and groundwater, toxicity impacts to 

humans and animals, altered landscapes, air pollution, increased electrical power 

generation, and a wide host of other environmental problems.  

 Several potential environmental hazards can be identified before mining 

operations begin, as they are intrinsically linked to the mining process. As of April 2007, 

Ivanhoe has conducted environmental baseline assessments and has identified 10 areas of 

environmental threat that are linked to the mine license area, the access road and 

powerline corridor, and the groundwater resource. These threats include damages to 

topography, climate and air quality, hydrology and surface water quality, hydrology and 

ground water quality, soil quality, vegetation, fauna, protected areas, and the creation of 

noise and vibration.31 In addition to the damages that Ivanhoe has identified, large mining 

operations pose the threat of large scale accidents and environmental damages that cannot 

be anticipated.32 Because of the uncertainties surrounding the scale and scope of foreseen 

damages as well as the unpredictability of unforeseen damages, the environmental cost of 

a large mining operation is difficult to accurately quantify ex ante.  

                                                 
29 World Bank (2004). Mongolia environment monitor 2004: Environmental challenges of urban 
development. Available at http://siteresources.worldbank.org/MONGOLIAEXTN/Resources/MEM04.pdf 
(downloaded February 16, 2007) [hereinafter World Bank Environment Monitor (2004)]. 
30 Miranda, Marta et. al (2003). Mining and critical ecosystems: mapping the risks. Washington, D.C.: 
World Resources Institute. Available at http://bankwatch.ecn.cz/eir/reports/volu6_6.pdf (downloaded 
March 8, 2007) [hereinafter Miranda (2003)]. 
31 Ivanhoe (2005). 
32 See for example The International Development Research Center (1998). “Philippine Mining Disaster: 
Counting the Cost of a Ruined River,” http://www.idrc.ca/en/ev-8276-201-1-DO_TOPIC.html 
(downloaded April 24, 2007); Miranda (2003);  Rio Tinto, “2005 Sustainable Development Review,” 
http://www.riotinto.com/SustainableReview/Environment/results/Incidents/incidents.aspx (downloaded 
April 24, 2007). 
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 The natural ecosystems surrounding Oyu Tolgoi are highly susceptible to 

degradation and are slow to recover from environmental shocks and pollution.33 The 

Galbyn Gobi region is a flat valley with the lowest altitude in Mongolia.34  The region is 

sparsely inhabited by humans, but does encompass nomadic herding families and 

archeological resources.35 The hydrology of the area is characterized by ephemeral creeks 

which flow sporadically after heavy rainfall. The three project components of  Oyu 

Tolgoi are located within the Central Asia drainage basin. “Gobian wild floods” or 

turbulent, high velocity mud flows occur in this region four to six times per year after 

heavy summer rainstorms.36  

 Since the area around Oyu Tolgoi is so sparsely populated by humans, several 

endangered species have thrived there while dying out in other regions.37 The mine 

license area and extending components contain at least four rare plant species, six rare 

large mammal species, and two threatened large mammal species.38 The Oyu Tolgoi 

access road and powerline corridor runs through the Small Gobi Strictly Protected Area 

(SGSPA), which is located 80 km south of the mine excavation site.39 Ivanhoe has 

received permission from the government for the road to pass through 13 km of the 

SGSPA. Rheinbraun Engineering und Wasser classifies the SGSPA as facing medium 

level stress from mining activities. The SGSPA is the main habitat for Khulan wild ass, 

black-tailed gazelle, argoli mountain sheep, and ibex.40 The khulan wild ass and black-

tailed gazelle are listed as threatened species.41 

 The following is a small sample of the potential environmental damages that 

could arise from large mining operations like Oyu Tolgoi. Specific risks identified by 

Ivanhoe in its Integrated Development Plan are also discussed. 

 Waste rock pilings and tailings dam hazards 

                                                 
33 World Bank Environment Monitor (2004). 
34 Ivanhoe (2005). 
35 Ibid. 
36 Ibid. 
37 Ibid. 
38 Ibid. 
39 Ibid. 
40 Ruhrmann, Gerhard and Jochem Becker (2003). Review of the environmental and social policies and 
practices for mining in Mongolia. Cologne: Rheinbraun Engineering und Wasser GMBH. Available at 
http://www.openforum.mn/res_mat/Review%20Environ.Social%20policies%20%20Practices%20for%20
Mining-MGL.pdf (downloaded April 21, 2007).  
41 Ivanhoe (2005). 
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 Waste rock pilings and tailings repositories pose significant environmental risks at 

large and medium scale mining operations. Tailings are solid wastes that remain after the 

benefication of ore through milling processes. These benefication processes include 

physical and chemical separation techniques that generate a slurry containing 40-70 

percent liquid and 30-60 percent solid. These tailings are usually disposed of onsite in 

impoundments such as tailings ponds. Copper and gold tailings ponds can cover several 

square miles.42 Tailings become acidic over time, since copper ore contains copper-

sulfide minerals and pyrite. Acid mine drainage can then occur, polluting soils, and 

surface and ground water. These acid minerals often cannot be easily removed during 

reclamation.43 

 Tailings dams have not been immune to structural problems that can cause them 

to collapse and cause widespread environmental destruction. An example of such 

destruction occurred in the Philippines in 1996, when a tailings dam from the Marcopper 

mine in Marinduque collapsed and spilled 1.6 million cubic meters of tailings into Boac 

River. The river flooded, destroying crops as far as 27 kilometers downstream from the 

spill. The river was left virtually dead, and in addition to the cost of clean up, losses to 

the local economy for one year alone were more than double the mining company’s entire 

environmental damage fund.44   

 In Mongolia specifically, tailings dams are a significant environmental hazard. As 

of 2004, the tailings dam for the Erdenet copper mine, which has a production capacity of 

24 million tons per year, a fraction of the production expected from Oyu Tolgoi, 

contained 400 million tons of tailings and 15 million cubic meters of supematant water. 

The tailings dam at Erdenet is supported by a dyke that is lifted six to ten meters each 

year to make room for more tailings. According to the World Bank, the routine 

maintenance and stability monitoring of the dyke do not meet international standards. 45 

In the Zamaar and Turin River Basin gold mining regions, materials from tailings and 

                                                 
42 United States Environmental Protection Agency (1997). EPA’s National Hardrock Mining Framework, 
Appendix B. Available at http://www.epa.gov/aml/policy/app_b.pdf (downloaded February 16, 2007) 
[hereinafter USEPA (1997)]. 
43 See World Bank (2006); USEPA (1997). 
44 The International Development Research Center (1998). “Philippine Mining Disaster: Counting the Cost 
of a Ruined River,” http://www.idrc.ca/en/ev-8276-201-1-DO_TOPIC.html (downloaded April 24, 2007). 
45 World Bank (2006). 
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waste rock repositories do not drain quickly and create a slime that is hazardous to both 

humans and animals.46  

 Waste rock is the soil and rock displaced in the process of accessing ore. Most 

waste rock is disposed of in piles near the mine site.47 In Mongolia, most waste rock 

pilings are unstable and erosion prone. Many pilings are left at their natural angle of 

repose and can become unstable in the rainy season. In the Turgin River basin, three 

waste rock and tailings repository sites from gold mining were left behind with no 

reclamation or mitigation after mining activities ceased. Long term stability of the pilings 

and hazardous slime could pose significant risks as there are no current plans to 

rehabilitate these sites.48 Waste rock pilings are also a major source of pollution, since 

runoff can be washed downstream by rain.49  

 Hydrology and water quality 

 Mining practices can  dramatically change hydrological regimes, particularly in 

Mongolia’s semi-arid climate. Transient wetlands can be formed from mine effluent 

waste, which dry up once the mine ceases to operate. Surface water can be contaminated 

from open pits, tailings ponds, ore stockpiles, and waste rock dumps. Surface runoff and 

seepage from these sources mobilize heavy metals and release them into surface waters.50 

Contaminated sediment build up may also occur.51 Mining operations may also cause 

flooding, usually as a result of “overtopping” tailings impoundments during high rainfall.52 

Ground water is often affected by mining below the water table in both underground and 

open pit operations, providing an open conduit to aquifers.53 Current mining practices in 

Mongolia are inefficient with respect to water usage, overtaxing surface and ground 

supplies and creating excessive effluent waste. Rivers are often dredged illegally and 

tailings are discharged into surface waters, creating turbidity and flooding.54  

                                                 
46 Ibid. 
47 USEPA (1997). 
48 World Bank (2006). 
49 USEPA (1997). 
50 See World Bank Environment Monitor (2004); Miranda (2003); USEPA (1997). 
51 USEPA (1997). 
52 Miranda (2003). 
53 USEPA (1997). 
54 World Bank (2006). 
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 Ivanhoe expects that operations at Oyu Tolgoi will change the natural flow paths 

of surface water systems and deplete springs, ephemeral wetlands, and salt marshes. 

Ivanhoe will divert a tributary of the Umdai River that flows directly through the mine 

site.55 These changes to hydrologic systems will cause habitat and biodiversity loss and 

interrupt wildlife migratory patterns.56 Ivanhoe also anticipates surface water quality 

impacts from its operations, including increased sedimentation, pollution, erosion, 

contaminated dust fallout, and contaminant spills, all of which would have feedback 

effects on wildlife.57 As April 2007, Ivanhoe had not yet published anticipated effects on 

groundwater quality and hydrology.58         

 Air  

 Air quality effects from mining operations are predominantly related to particulate 

matter discharge. Blowing tailings dust is a serious environmental issue surrounding the 

Erdenet mine.59  According to the United States Environmental Protection Agency, there 

are simple mitigation strategies available for this problem, the most feasible being 

stabilization of the surface of the tailings beaches with surfactants.60 However, this 

practice has been considered too costly in Mongolia.61 Fugitive dust from waste rock 

pilings and tailings can contain traces of heavy metals, such as arsenic, lead, and 

radionuclides,  and areas downwind of operations can accumulate high concentrations of 

these metals greater than background levels.62 In a flat and arid landscape like that 

surrounding Oyu Tolgoi, sand-sized tailings particles are especially susceptible to 

prevailing wind transport.63  

 Particulate matter from smelter and flue stacks pose more significant risks to 

human health and the environment. Windblown flue dust from inactive smelters causes 

the most damage, and can contain large quantities of heavy metals and other dangerous 

pollutants.64 In Pennsylvania, air emissions from the Palmerton Zinc smelter led to the 

                                                 
55 Ivanhoe (2005). 
56 Ibid. 
57 Ibid. 
58 Ibid. 
59 World Bank (2006). 
60 USEPA (1997). 
61 World Bank (2006). 
62 USEPA (1997). 
63 Ibid. 
64 Ibid. 
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defoliation of 2,000 acres on Blue Mountain and deposited heavy metals throughout its 

valley. Erosion on the mountain escalated to the point that mountain side was stripped 

clean of its soils and incapable of revegetation.65 

 By April 2007, Ivanhoe was undergoing, but had not yet completed, air quality 

and meteorological modeling of the mine site as well as the access road and powerline 

corridor.66  

 Flora and Fauna 

 Surface mining operations directly destroy both aquatic and terrestrial habitats. 

Food resources and breeding habitats may be modified in the mining process, and even 

noise disturbances can displace local wildlife.67 Wildlife may be displaced into poor 

habitats and decrease in productivity.68 All vegetation within an active mining area is 

generally removed during construction and operations, but even vegetation located miles 

from active operations can be harmed by sediment carried by overland flow and by 

fugitive dust.69 Adverse effects on vegetation will have feedback effects on wildlife, 

surface soils, and microclimatic conditions.70  

 Ivanhoe has identified several potential impacts on both vegetation and wildlife 

from operations at Oyu Tolgoi. Ivanhoe expects reductions of vegetation cover from 

project facilities and infrastructure, including impacts from dust fallout, surface water 

runoff, and shallow groundwater contamination along the access road and mine 

excavation area. Ivanhoe expects many of these effects on vegetation to persist after the 

mine has been closed.71  

 Ivanhoe also expects that its mining operations will lead to changes in the 

abundance, geographic distribution, and productivity of animal species and entire 

ecosystems.72 Ivanhoe does, however, expect to institute wildlife management plans that 

will attempt to minimize these impacts.73 

                                                 
65 Ibid. 
66 Ivanhoe (2005). 
67 USEPA (1997). 
68 Ibid. 
69 Ibid. 
70 Ibid. 
71 Ivanhoe (2005). 
72 Ibid. 
73 Ibid. 
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 Mine closure 

 Permanent mine closure involves regrading and revegetation, removal and 

disposal of stored fuels and chemicals, structure tear down, removal of roads and ditches, 

capping of tailings, waste detoxification, and reestablishment of drainage ways.74 Many 

features of mines such as open pits, waste dumps, and tailings impoundments are 

permanent and can degrade long after the mine has been closed, causing further 

environmental damage.75 Ivanhoe’s preliminary closure and reclamation plan focuses on 

on-going environmental management throughout the life of the project to reduce 

problems occurring at closure.76 

 Management of the environmental risks from Oyu Tolgoi must be carried out in 

the context of the existing legal and regulatory framework of Mongolia, and by 

extension, the mining contract itself. Section III outlines the environmental and tax 

regulations that are relevant to mining projects in Mongolia, as well as the structure of the 

contract under consideration by the government. 

                                                 
74 USEPA (1997) 
75 See Ivanhoe (2005); Miranda (2003). 
76 Ivanhoe (2005). 



       14 
   

III.  Regulatory Framework and Contract Structure 

 In Mongolia, all land not owned by private citizens is owned by the state. The 

state also owns all naturally occurring mineral resources on and under the earth’s surface. 

The Mongolian government may license exploration and mining licenses to other parties, 

including foreign companies like Ivanhoe. The terms of the license are dictated by a 

contract negotiated between the state and the licensing parties.  The contract is taken in 

the context of the existing laws on minerals, land, environment, taxes, corporations, 

foreign investment, and the Constitution of Mongolia. however the contract may expand 

upon or even override aspects of these laws.77 The Mongolian legal regime is taken as 

exogenous in the analysis presented in Section V. 

 A. Legal and regulatory framework 

 Minerals and environment policies 

 Mining companies operating in Mongolia are subject to a comprehensive set of 

laws and regulations designed to maintain the government’s ownership of mineral 

resources and ensure environmental protection and reclamation. These laws include the 

application of the polluter pays principle and the right of access to environmental 

information.78 In the past decade, the Mongolian government has sought to improve the 

institutional setting and performance of the mining sector through several policy reforms, 

and has moved away from the role of primary owner and operator of mines to more 

regulatory and managerial roles.79 The Minerals Law of Mongolia was instituted in 1997 

and revised in 2006. The Mineral Resources and Petroleum Authority of Mongolia 

(MRPAM) was established in later in 1997 to facilitate implementation of new mineral 

laws and was combined with the Petroleum Authority in December 2004.80 MRPAM is 

responsible for issuing mineral licenses, compiling minerals industry information, 

archiving geological data, and conducting geological research. The Ministry of Nature 

and Environment (MNE) is responsible for developing and enforcing environment and 

natural resource policies. The responsibility of monitoring license holders for compliance 

                                                 
77 See Otto, James et al. Mining Royalties: A Global Study of TheirImpact on Investors, Government, and 

Civil Society. Directions in Development Energy and Mining. Washington, D.C.: The World Bank (2006), 
pp. 248. 
78 World Bank (2006). 
79 Ibid. 
80 Mineral Resources and Petroleum Authority of Mongolia, http://www.mrpam.gov.mn/index.php 
(downloaded April 24, 2007). 
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of their obligations with respect to environmental protection, reclamation, and health and 

safety regulations falls upon local authorities, who may inspect the mine on-site.81  

 Despite regulatory reform, The World Bank has identified a lack of appropriate 

structure for timely enforcement of rules and poor coordination between the Ministries of 

Finance, Nature and Environment, the State Professional Supervision Agency, and local 

administrative bodies.82 The World Bank also notes a lack of complete social programs 

for local residents and compensation schemes for land acquisition due to mining 

expansion.83  

 The reformed Mongolian minerals laws include a comprehensive framework for 

environmentally sustainable growth in the mining sector. The two main provisions of this 

framework are the Law on Environmental Protection and the requirement of an 

environmental impact assessment, included in the minerals law.  License holders are 

required to submit the environmental impact assessment to the Ministry of Environment, 

which must identify the possible adverse effects of proposed mining activities on the 

environment and human health and provide preventative measures that will be taken to 

avoid and minimize such effects. Additionally, an environmental plan is required and 

must include measures for ensuring that mining activities are conducted in the manner 

that is least damaging to the environment. The plan must also provide for the storage of 

toxic and potentially toxic materials,84 protection and conservation of surface and 

underground water, construction of tailings dams, reclamation measures, and any other 

environmental safety measures that are appropriate for the particular type of mine.85  

 All instances of adverse environmental impact during mining operations must be 

recorded and included in an annual report on the implementation of the environmental 

protection plan, which is submitted annually to the Ministry of Environment. This report 

must also include all measures that have been taken to protect the environment, any new 

machinery that has been utilized, and any proposed amendments to the original 

environmental impact assessment. Amendments to the original environmental impact 

assessment are required whenever new technology or equipment pose potential adverse 

                                                 
81 Minerals Law of Mongolia, Chapter 2, Article 12; Chapter 6, Article 38. 
82 World Bank (2006). 
83 Ibid. 
84 Minerals Law of Mongolia, Chapter 6, Article 39. 
85 Minerals Law of Mongolia, Chapter 6, Articles 37-41. 



       16 
   

effects to the environment. License holders must undergo environmental reclamation on a 

yearly basis. If annual reclamation measures are not carried out, local inspection agencies 

have the right the prevent commencement of additional mining activities for the next 

year. 

 The Mongolian Law on Environmental Protection is centered on the polluter-

pays-principle. Under the environmental law, citizens have the right to present claims 

against violators for damages to property or health that are caused by the violator’s 

adverse environmental impacts.86 Fees and payments are required for discharging 

permissible levels of wastes and pollutants, however compensation is required for 

discharges that exceed permitted limits and for damages to the environment.87 

 Most rights and obligations of mining license holders expire upon termination of 

their license, but not their environmental obligations. Post-mining rehabilitation and 

reclamation measures must be described in a separate environmental protection plan. In 

the event that a mine should close, the license holder must take all necessary measures to 

ensure the safe use of the mine area for new uses and environmental reclamation. The 

law, however, does not require complete rehabilitation.88 The Mongolian Law on the 

Land requires that land that has been damaged by digging for mining purposes be 

restored. Annual land protection and rehabilitation plans must be developed by the 

license holder and assessed by citizens representatives, who may take measures to stop 

development or enforce compliance.89  

 Under the Minerals Law of Mongolia, 50 percent of the license holder’s 

environmental budget for each year must be deposited into a special bank account 

established by the MNE to ensure that it will meet its environmental duties. These funds 

may be used by the MNE in the event that the license holder fails to implement 

environmental reclamation, and the license holder must cover any additional costs. The 

deposited funds are returned the licenses holder once all obligations of its environmental 

                                                 
86 Environmental Protection Law of Mongolia, Chapter 1, Article 4. 
87 Ibid., Chapter 7, Article 35. 
88 World Bank (2006). 
89 Law of Mongolia on Land, Chapter 6, Article 52. 



       17 
   

protection plan have been met. If the license holder fails to deposit environmental funds, 

the MNE has the right to halt mining activities for that year.90   

  According the World Bank, this provision of 50 percent of annual environmental 

funds for rehabilitation has not resulted in improved environmental protection. This may 

be due to lack of institutional capacity sufficient to ensure the implementation of 

rehabilitation measures. Furthermore, mine operators generally have not had the capacity 

to come up with the remaining 50 percent of funding necessary for rehabilitation once 

operations at that mine have ceased. The World Bank suggests bond guarantees as a 

means to ensure that mining operators will internalize total reclamation costs.91 This type 

of guarantee is discussed in detail in Section IV. 

 Tax policy 

 Any foreign company that carries out commercial activities on Mongolian 

territory is subject to Mongolian income tax law. The corporate income tax  is set at 25 

percent of profits. Further, a withholding tax of 20 percent is imposed on foreign 

payments. 92 

 Under the Minerals Law of Mongolia, mining license holders are also required to 

pay royalties to both the central government and local administrative bodies on the sales 

and shipments of all products extracted from the mining site. Royalties for copper and 

gold  are 5 percent of the sales value of all products extracted from the site for sale and 

shipment.93  

 The state’s share of the value of a strategic mineral deposit that has been licensed 

for exploration and mining is determined by the contract. 94 If state budget funds have 

been used to identify the reserves of the deposit, the state may receive up to a 50 percent 

share of the deposit’s value. If, as is the case of Oyu Tolgoi, reserves have been identified 

                                                 
90 Minerals Law of Mongolia, Chapter 6, Article 39. 
91 World Bank (2006). 
92 Ivanhoe (2005). 
93 Minerals Law of Mongolia, Chapter 6, Article 47. 
94 Under Mongolian law, a “strategic mineral deposit” is a “…mineral concentration with such a production 
potential that that would affect national security, national and local economic and social development, or a 
deposit that produces or has potential to produce annually products of more than 5 percent of Gross 
Domestic Product of Mongolia”(Minerals Law of Mongolia, Chapter 1, Article 4). Classification of a 
strategic deposit is the authority of the State Great Hural at its own initiative or by submission of the 
government (Minerals Law of Mongolia, Chapter 1, Article 8). 
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without the use of state funds, the state may hold up to 34 percent of the value of the 

deposit.95   

 B. Contract structure 

 A typical mining contract includes terms for the fiscal regime, scope, and term of 

the project, as well as mechanisms for dispute resolution between the parties, rules for 

local hiring, and environmental standards and funding mechanisms.96 As of April 2007, 

the contract for Oyu Tolgoi is still in negotiations, however, a particular contract 

structure is under consideration. This contract structure will be used as the subject of this 

analysis and its terms will be taken as exogenous.  

 The contract under consideration provides for three types of payments to the 

government: 1) government equity participation of 30 percent including a carried interest; 

2) 25 percent tax on corporate profits including loss carried forward; and 3) 5 percent 

royalty payments on sales of copper and gold.97 In addition, the contract structure 

provides for a 68 percent windfall profits tax, 5 percent dividends on a 20 percent 

withholding tax on foreign payments, and a .6 percent property tax.  

 Section IV describes various environmental assurance mechanisms for 

environmental damages that could be applied to the Oyu Tolgoi contract. Conventional 

terms for two such mechanisms are added to the proposed contract terms in the 

subsequent analysis of Section V. 

  
 

                                                 
95 Ibid., Chapter 1, Article 5. 
96 See Otto, James et al. Mining Royalties: A Global Study of TheirImpact on Investors, Government, and 

Civil Society. Directions in Development Energy and Mining. Washington, D.C.: The World Bank (2006), 
pp. 248-249; See for example Special Lease Agreement of Mining Rights by and among the Dominican 
State, the Central Bank of the Dominican Republic, Rosario Dominicana, S.A. and Placer Dome 
Dominicana Corporation, 2002.    . 
97 Ivanhoe (2005). 
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IV. Overview of Financial Assurance 

 In general, the global mining industry has had particular difficulty performing the 

environmental obligations set forth by laws and license agreements.98 Even when liability 

is clearly assigned, a mining company may go bankrupt and leave the mine site 

abandoned with no one to pay for reclamation. In the United States, there are dozens of 

large-scale abandoned hardrock mines that pose on-going environmental and financial 

problems. EPA estimates that it will cost approximately $20 million to clean up mine 

sites on the Superfund national priorities list.99  The Summitville mine in Colorado, for 

example, was abandoned in 1993, yet the estimated clean up cost of up to $180 million 

has not been recovered.100  

 One solution to this problem is requirement of financial assurance for 

environmental clean up before mining operations begin. With assurance, the mining 

company is required to prove ex ante that they will have financing available for 

reclamation should environmental damage occur. Unlike insurance, assurance does not 

necessarily reduce the cost of environmental damage or increase the efficiency of 

repairing it.101 Instead, financial assurance redistributes the social cost of environmental 

damage from society to the mine company.102  This internalization of costs ensures that 

the “polluter pays” and in doing so leads to prices that reflect the true the social cost of the 

product.103 Assurance programs can also reduce the time and transactions cost of public 

access to reclamation funds, which can be important in cases where early intervention can 

minimize damages.104 In the case of Oyu Tolgoi, this type of requirement can be built 

into the government licensing contract.  

 The contract currently under consideration for Oyu Tolgoi does not include any 

terms for environmental damage repayment. There are two broad categories of financial 

                                                 
98 See Boyd, James (2001). “Show me the money: environmental regulation demands more, not less, 
financial assurance.” Resources, Washington, D.C.: Resources for the Future. Available at 
http://www.rff.org/Documents/RFF-Resources-144-showme.pdf (downloaded March 23, 2007) [hereinafter 
RFF (2001)].  
99 Boyd, James (2001). Financial responsibility for environmental obligations: are bonding and 
performance rules fulfilling their promise? Resources for the Future Discussion Paper  01-42. Available at 
http://ideas.repec.org/p/rff/dpaper/dp-01-42.html (downloaded March 23, 2007) [hereinafter Boyd (2001)]. 
100 Ibid. 
101 Bergkamp, Lewis (2003). Environmental risk spreading and insurance. RECIEL 12 (3), 269-283. 
102 See Boyd (2001). 
103 See RFF (2001). 
104 Boyd (2001). 
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assurance that could be applied to the contract, however: self-insurance, in the form of a 

purchased line of credit or surety bond, or a fixed level of funding in the form of third-

party trust fund, cash account, or certificate of deposit. Letters of credit and surety bonds 

are purchased from banks and insurance companies, respectively, and require that a third-

party, often the government, is paid in the event that the firm does not meet certain 

environmental obligations.105 The bank is only liable to pay for damages if the purchaser 

defaults. Both surety bonds and letters of credit cannot be canceled unless prior notice is 

given to the government. 106    

 Cash accounts and certificates of deposit place cash or other forms of interest-

bearing securities into accounts that are made payable to the government under certain 

conditions. If the mining company defaults, the funds can be liquidated by the 

government and used to cover the damages. Any unused funds are returned to firm after 

fulfillment of obligations. In order for this type of assurance to be effective, the 

government must be the sole beneficiary, the account must be managed by an 

independent third-party, and the terms may only be changed with the agreement of the 

government.107 

 Third-party trust funds are administered by an independent trustee who can 

collect, invest, and disburse funds for a dedicated purpose. With trust funds, money is 

usually deposited over time, so adequate funds might not be available at the time they are 

needed in an environmental emergency. Short term pay in periods are therefore 

recommended for assurance purposes. As with cash deposits, extra funds are returned to 

the firm upon completion of their obligations.108 

 A self-demonstrating financial test is generally not recommended for 

environmental assurance as it relies on the firms’ own accounting measures. These 

accounting measures can be difficult for the government to monitor and can change 

dramatically over time. Often this leads to a relaxation of the assurance terms that 

undermines their inherent purpose and does not create incentives for prevention. If a firm 

passes a financial test, assurance is essentially free, and there is no interested third-party 

                                                 
105 See Boyd (2001).  
106 Ibid. 
107 Ibid. 
108 Ibid. 
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to put pressure on the firm to act in favor of environmental protection.109 Public financing 

of pollution costs is also generally undesirable as it would be funded by tax revenues that 

are unrelated to the specific environmental risk of the project.110 

 Assurance can be used to cover two different types of environmental costs. The 

first includes environmental costs that are uncertain, i.e. remedial clean ups, property 

damage, or health impacts from a spill or accident. The second type includes more certain 

environmental obligations, such as restoration, reclamation, and long-term water 

treatment.111 The type of cost can determine the type of assurance that should be used. 

With uncertain costs, assurance acts as mandatory insurance, as it internalizes the costs of 

environmental damage and creates an incentive to reduce environmental risk.112 In this 

case the assurance product is priced as a function of the likelihood of environmental 

damages and the value of the expected damages. Assurance allows for predetermined 

environmental obligations to be met financially and is effectively repayment in 

advance.113  

 Bond agreements are usually used to cover certain costs because they usually 

assume that the bank pays only if the company is unable to do so because of bankruptcy. 

In this case, bond pricing is usually a function of the company’s bankruptcy risk.114 In the 

case of Oyu Tolgoi, Ivanhoe faces environmental obligations through the Minerals Law 

of Mongolia, as well as risks of unforeseeable incidents of varying magnitudes. A 

combination of financial assurance instruments may then be an optimal solution in terms 

of coverage for environmental damages.115  

 Financial assurance can also help to prevent environmental damages. Financial 

institutions have a strong incentive to monitor the mining company’s operations, as they 

would be concerned that their capital would be consumed by the mining firm’s future 

                                                 
109 See RFF (2001). 
110 Boyd (2001). 
111 Ibid. 
112 See Ibid. 
113 See Ibid. 
114 Ibid. 
115 In a survey study by the International Council on Mining and Minerals (ICMM), more financial 
assurance methods were reported than the total number of case studies because many cases included more 
than one instrument (Miller, C. George (2005). Financial assurance for mine closure and reclamation, 
summary report. ICMM. Available at 
http://www.icmm.com/publications/553FinancialAssuranceforMineClosureandReclamation-
Summaryreport(web).pdf (downloaded March 23, 2007) [hereinafter ICMM (2005)]). 
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liabilities.116 The mining firm is also encouraged to behave responsibly as expected costs 

from environmental risks will appear on its balance sheet.117 Further incentives can be 

built into the terms of the assurance program, such as lower premiums for firms that 

exhibit better environmental protection plans.118 It has been found that in practice, 

assurance rules not only improve cost recovery but are also not commercially 

disruptive.119 

 Whichever type of assurance instrument is used, care must be taken in the design 

of the program. Controls should be in place so that invested funds can only be released to 

cover the costs of environmental damages; otherwise, there is a risk that the funds will be 

another of the firm’s assets that can be claimed by creditors.120 Also, without appropriate 

liability terms in place, assurance does little to recover damages. For certain natural 

resources, this liability may be difficult to assign if no property rights apply, such as with 

biodiversity loss.121 Taxation arrangements may be made between the mining firm and 

the government to make the assurance rules more or less onerous. Mining firms expect to 

be able to dedut the cost of assurance from the profits tax base.122 In the case of Oyu 

Tolgoi, a taxation arrangement must be carefully designed so as not to undermine the 

expected positive fiscal effects of the project.  

 A 2005 global survey of mining companies, financial institutions, and 

governments by the International Council on Mining and Minerals (ICMM) provides 

some insight into how financial assurance for environmental damages are viewed in 

practice. Mining companies cited several problems with financial assurance programs, 

such as overestimation of reclamation costs by third-party contractors, few clear 

guidelines for discounting long term obligations, lack of equitable tax treatment for set 

aside funds, and varying technical standards for reclamation. The survey found that 

                                                 
116 See RFF (2001). 
117 See Boyd (2001). 
118 Ibid. 
119 See RFF (2001). 
120 Faure, Michael G. and David Grimeaud (2000). Financial assurance issues of environmental liability. 
Maastrict University and the European Center for Tort and Insurance Law. Available at 
http://ec.europa.eu/environment/liability/pdf/insurance_gen_finalrep.pdf (downloaded March 23, 2007). 
121 Ibid. The ICMM survey found that most companies agreed that financial assurance does provide more 
certainty for environmental protection, but the terms and conditions of licenses are more important (ICMM 
(2005)). 
122 ICMM (2005). 
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financial assurance programs tie up substantial amounts of capital, as the total liability 

reported by respondents in 2004 was $350 million. Respondents from the financial sector, 

however, believed that strong assurance policies do not bar investment in new projects. 

Especially in less developed countries, fiscal and royalty issues dominate negotiations far 

above any reclamation issues in terms of importance to the developer. 

  Each sector surveyed had a different opinion of which financial assurance 

instruments are best. The 2005 survey showed that the mining industry had changed its 

opinion since 1998, when it preferred “soft” assurances such as self-determined financial 

tests, corporate guarantees, and first-party trust funds. Instead, mining companies now 

recognized that letters of credit, bank guarantees, and third-party trusts worked in their 

favor, as they more adequately satisfied public expectations. To best meet the needs of 

government, the financial sector suggested a performance bond, and the government 

itself favored cash deposits.123  

 There is, of course, always the possibility that the costs of environmental damages 

turn out to be greater than the amount of the financial assurance. In fact, in the United 

States, where mining bonds have been required for decades, bond levels remain 

inadequate in many cases.124 Firms and governments rarely know for certain the value of 

environmental risk before damages occur, even for planned reclamation efforts. It has 

been suggested that governments should require assurance that is prudent of all 

reasonably foreseeable environmental risks, but that they should not insist on protection 

against highly improbable events.125 Too much assurance is inefficient in that it ties up 

too much capital and yields no additional social benefit.126 James Boyd of Resources for 

the Future suggests, in theory, that in situations where there is a range of possible future 

environmental costs, the upper-bound of the range is the appropriate level of assurance. 

Boyd refers to this as the “maximum realistic environmental cost,” and unless there is 

assurance up to this point, he claims that firms will not fully internalize environmental 

costs and take less care to avoid them.127  

                                                 
123 Ibid. 
124 Boyd (2001). 
125 See ICMM (2005); Boyd (2001). 
126 Boyd (2001). 
127 Ibid. 
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 In practice, calculating the appropriate assurance level is extremely complicated. 

Cost estimates can change dramatically over time due to changes in the site’s 

environmental status and inflation in the overall economy.128 ICMM asked its survey 

respondents how the amount of financial assurance is determined, and if the amount 

calculated by governments is different than the amount calculated by the mining 

company. Financial institutions with experience in arranging financing for new mines 

described three typical procedures: 1) the government calculates assurance needs 

formulaically according to the type of mine, the company’s reclamation plan, and the 

track record of the company; 2) assurance is estimated as a percentage of capital cost and 

is then negotiated based on a feasibility study or 3) assurance is purely the result of a 

negotiation between the government and the mining company.129 The survey also found, 

however, that in least developed countries, reclamation requirements and the associated 

assurance programs are made on a case-by-case basis, and that governments often do not 

ask for enough assurance, 130 basing estimates of assurance needs on the mining firms’ 

own environmental cost estimates. Obviously, in such situations firms face strong 

incentives to underestimate the potential environmental costs of their projects.131  

 In order for a financial assurance model to have the desired effect of redistributing 

the social cost of environmental damages from society to the mining company, the effects 

it has on the distribution of environmental risks must be analyzed. Because the Oyu 

Tolgoi project is dictated by a contract, this distribution of risk will be entirely dependent 

on the contract structure.  In Section V, the risk distribution effects of two plausible 

financial assurance models- self insurance and an environmental fund- are analyzed in the 

context of the contract structure proposed for Oyu Tolgoi. This analysis will allow for 

insight into the implications of the proposed contract when environmental financial 

assurance is included. 

                                                 
128 Ibid. 
129 ICMM (2005). 
130 Ibid. 
131 See Boyd (2001). 
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V.  Analysis  

  A.  Methods 

 The cash flow model 

` The basis for this analysis is a cash flow model developed by Robert Conrad for 

Open Society Forum Mongolia and Revenue Watch.132 The cash flow model is based on 

the structure of the contract prior to the commencement of negotiations. Production, cost, 

and estimated sales data are based on the executive summary of Ivanhoe’s Integrated 

Development Plan of August 2005. The tax structure is taken as exogenous and reflects 

the law in place as of January 2007: corporate income tax is 25 percent, property tax is .6 

percent, there is a windfall profits tax of 68 percent on the difference between the base 

price and the market price of copper and gold,133  and  5 percent dividends on 

withholding taxes. Prices for copper and gold through 2048 are generated using Monte 

Carlo simulations. Government equity is assumed to be 30 percent under the current 

contract structure, with mineral royalty payments of 5 percent for both copper and gold. 

The discount rate is assumed to be 8 percent and the rate of inflation is set at zero.  

 Incorporation of environmental financial assurance 

 Two new cash flow models are created by adding self insurance and 

environmental fund assurance schemes to the Conrad model. The data and assumptions 

on production, costs, tax payments, and  prices are maintained from the original model, 

and assumptions on the structure of the two financial assurance instruments are added. 

For both environmental assurance models the windfalls profit tax is excluded from the 

analysis as the current base prices for gold and copper are below the price necessary to 

generate positive windfall profits. It is also assumed that there is no risk of default in 

either model, since the bank would be responsible to pay out capital under the self 

insurance model, and the contract would require deposits to an environmental account to 

which the government has authority to liquidate under the environmental fund model. It 

is assumed that Ivanhoe’s debt to asset ratio is 0 in both models. 

 When environmental damages are zero, the NPV to the total project is $5365.43 

million. NPV for the government is $3,520.47 million, and NPV for the investor is 

                                                 
132 The Ivanhoe data and assumptions of the Conrad model are included in Section VII, Appendix. 
133 The current base price for gold is $500 per ounce and the current base price for copper is $2 per pound. 
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$1,844.96 million. With zero environmental damages, the risk share to the government 

would be 47.5 percent, given the corporate profits tax, the minerals royalty, and the 30 

percent equity share. 

 a. Self insurance model 

 The self insurance instrument may take the form of a purchased line of credit or a 

surety bond. It is assumed that under such an assurance scheme the mining company 

would pay the cost of the damages in full at the time they occur. It is assumed that any 

damage payments are tax deductible from the profits tax.   

 b. Environmental fund model 

 The environmental fund instrument may take the form of a third party trust fund, 

cash account, or certificate of deposit. Under this scheme, Ivanhoe would deposit twice 

the amount of its expected environmental damages for each year into an interest-bearing 

account during the first 10 years of the project. Should environmental damage occur at 

any point in the project life, Ivanhoe would be responsible for paying the difference 

between the balance on the account and cost of the damages. 

 The interest on the environmental account is not taxable, and the contributions are 

tax deductible. Any damages in excess of the balance on the account would be tax 

deductible. 

 Environmental risk and damage assumptions 

 In order to evaluate the contract under the conditions of the two assurance models, 

environmental risk assumptions are added to the existing data. First, an assumption 

regarding the probability that some type of environmental damage will occur in each year 

of the project is added. Since an appropriate proxy for  Oyu Tolgoi’s probability of 

causing environmental damage was not available, a range of probabilities from a 5 

percent to 20 percent are used. Next, assumptions regarding the size of potential damages 

are added. A log normal distribution of damages is assumed since it is reasonable to 

expect the frequency of extremely large damages to be relatively low. The mean damage 

size is first assumed to equal $2,682 million, or 50 percent of project NPV to the project 

estimated by the original cash flow with no environmental factors. The model is 

subsequently run with higher and lower mean damages to provide a range of values as an 
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environmental risk assessment of Oyu Tolgoi has not yet been conducted. The standard 

deviation of damage distribution is assumed to be one-tenth of the mean. 

 Using Crystal Ball decision analysis software, the two assurance models are each 

run 1,000 times, with each run including random draws from the given distribution of 

damages at the given probability that damages will occur in each year of the project. This 

Monte Carlo simulation creates a sample distribution of the results of 1,000 model runs. 

The sample mean NPV and standard deviations to the project, investor, and government 

are then compared across variations in the environmental parameters. 

 B.  Results 

 Changes in probability of damage 

 The self insurance and environmental fund cash flow models were each run four 

times, each with a variation on the assumption of the probability of environmental 

damage occurring in each year of the project, and holding all other variables constant. 

Table 1 and Table 2 show the cash flow results for the total project, the investor, and the 

government when probability of environmental damage occurring in each year is equal to 

5, 10, 15, and 20 percent.  

 

Table 1. Cash Flow Results by Probability of Environmental Damages- Self Insurance Model. 

Amount % of Total Amount Share Amount Share

5% $4,063 $1,302 32% $1,019 25% $3,044 75%

10% $2,817 $2,549 90% $204 7% $2,613 93%

15% $1,590 $3,776 2.4 x total -$634 -40% $2,224 140%

20% $265 $5,101 19.3 x total -$1,587 -599% $1,852 699%

5% $1,124 $1,124 - $742 65% $398 35%

10% $1,577 $1,577 - $1,076 67% $525 33%

15% $1,999 $1,873 - $1,330 70% $576 30%

20% $1,999 $1,999 - $1,492 73% $546 27%

Mean NPV

Standard

Deviation

Probability

of Damage

Damages Investor Government

Total Project
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Table 2. Cash Flow Results by Probability of Environment Damages- Environmental Fund Model. 

Amount % of Total Amount Share Amount Share

5% $4,062 $1,303 32% $983 24% $3,079 76%

10% $4,062 $1,303 32% $983 24% $3,079 76%

15% $1,559 $3,806 2.4 x total -$742 -48% $2,302 148%

20% $280 $5,085 18.2 x total -$1,688 -603% $1,968 703%

5% $1,168 $1,168 - $785 66% $398 34%

10% $1,168 $1,168 - $785 66% $398 34%

15% $2,181 $1,958 - $1,434 72% $561 28%

20% $2,181 $2,181 - $1,668 75% $557 25%

Probability

of Damage

Damages Investor Government

Total Project

Mean NPV

Standard

Deviation

 

 a. Self insurance model 

 Adding a 5 percent probability that environmental damages occur in each year of 

the project with mean damages equal to one-half of project NPV without environmental 

damages ($2,682 million), decreases the total NPV of the project from $5,365 million to 

$4,063 million, as shown in Table 1. Increases in the probability of environmental 

damages occurring in each year to 10 percent, 15 percent, and 20 percent decrease the 

total NPV of the project further. NPV to the investor becomes negative at 11.5 percent 

probability of environmental damage. The government’s share of NPV relative to the 

investor increases from a 50 percentage point difference to a 599 percentage point 

difference across the set of probabilities. The government’s high share of NPV is a result 

of the corporate income tax, and the mining royalty provisions, and the 30 percent equity 

position 

 Figure 1 shows how the government’s share of the standard deviation of the 

project’s NPV relative to the investor decreases as the probability that environmental 

damages will occur increases. At an environmental damage probability of 5 percent, the 

government’s risk share is 35 percent. This share decreases to 33, 30, and 27 percent as 

environmental damages increase to 10, 15, and 20 percent. The government’s share of risk 

relative to the investor decreases from 30 percentage points to 46 percentage points over 

the set of probabilities.   
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Figure 1. Risk Shares by Probability of Environmental Damage- Self Insurance Model. As the 
probability that environmental damage will occur in each year of the project increases, the difference of the 
relative risk share born by the investor and the government increases.  

  

 b. Environmental fund model  

 The cash flow results of the environmental fund model follow the general pattern 

of the self insurance model across all variations in the environmental parameters. Table 2 

shows the results of the environmental fund cash flow when probability of environmental 

damages in each year is changed, holding all other variables constant. Adding a 5 percent 

probability that environmental damages will occur in each year of the project with mean 

damages equal to one-half of  NPV with environmental damages ($2,682 million), 

decreases the total NPV of the project from $5,365 million to $4,062 million, as shown in 

Table 2. Increases in the probability of environmental risk occurring in each year to 10 

percent, 15 percent, and 20 percent decrease the total NPV of the project further. NPV to 

the investor becomes negative at just under 11 percent probability of environmental 

damage. The government’s share of NPV relative to the investor increases from a 52 

percentage point difference to a 603 percentage point difference across the set of 

probabilities. 
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 Figure 2 shows how the government’s share of the standard deviation of the 

project’s NPV relative to the investor decreases as the probability that environmental 

damages will occur increases. At  environmental damage probabilities 5 and 10 percent, 

the government’s risk share is 34 percent. This share decreases to  28 and 25 percent as 

environmental damages increase to 15 and 20 percent. The government’s share of risk 

relative to the investor decreases from 32 percentage points to 50 percentage points over 

the set of probabilities.   
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Figure 2.  Risk Shares by Probability of Environmental Damage- Environmental Fund Model. As the 
probability that environmental damage will occur in each year of the project increases, the difference of the 
relative risk share born by the investor and the government increases.  
 

 Changes to the distribution of damages 

 The self insurance and environmental fund cash flow models were each run an 

additional three times, each with a variation on the mean amount of possible 

environmental damages, holding all other variables constant (the probability that 

damages occur in each year is held at 5 percent). Table 3 and Table 4 show the cash flow 

results for the project, the investor, and the government when the mean of damages 

occurring in each year is equal to 25, 50, and 75 percent of the NPV estimated in the 

original cash flow without environmental damages. 
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Table 3. Cash Flow Results by Amount of Damages- Self Insurance Model. 

Amount % of Total Amount Share Amount Share

Mean NPV .25 NPV $4,723 $643 14% $1,485 31% $3,238 69%

.50 NPV $4,063 $1,302 32% $1,019 25% $3,044 75%

.75 NPV $3,510 $1,855 53% $569 16% $2,941 84%

Standard .25 NPV $554 $554 - $339 61% $227 41%

.50 NPV $1,124 $1,124 - $742 66% $398 35%

.75 NPV $1,766 $1,766 - $1,259 71% $524 30%

GovernmentMean of 

Damage 

Distribution Total Project

Damages Investor

 

Table 4. Cash Flow Results by Amount of Damages- Environmental Fund Model. 

Amount % of Total Amount Share Amount Share

.25 NPV $4,751 $614 13% $1,487 31% $3,264 69%

.50 NPV $4,062 $1,303 32% $983 24% $3,079 76%

.75 NPV $3,523 $1,842 52% $520 15% $3,003 85%

.25 NPV $569 $569 - $347 61% $233 41%

.50 NPV $1,168 $1,168 - $785 67% $398 34%

.75 NPV $1,711 $1,711 - $1,251 73% $481 28%

Government

Mean NPV

Standard

Deviation

Mean of 

Damage Total Project

Damages Investor

 

 a. Self insurance model 

 Adding a mean environmental damage amount equal to 25 percent of the original 

project NPV ($1341 million) to the original cash flow, decreases the total NPV of the 

project from $5,365 million to $4,723 million, as shown in Table 3. The government’s 

share of NPV relative to the investor increases from a 38 percentage point difference to a 

31 percentage point difference across the range of assumed damages. 

 Figure 3 shows how the government’s share of the standard deviation of project 

NPV relative to the investor decreases as the mean of environmental damages increases. 

When average damages  equal one-fourth of the original NPV ($1,341 million), the 

government’s risk share is 41 percent. This share decreases to 35 and 30 percent as 

environmental damages increase to one-half ($2,682 million) and three-fourths ($4,024 

million) of original NPV. The government’s share of risk relative to the investor decreases 

from 20 percentage points to 41 percentage points over the set of assumed damages.   
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Figure 3. Risk Shares by Amount of Environmental Damage- Self Insurance Model. As the mean of 
the of the distribution of damages in each year increases, the difference of the relative risk share born by 
the investor and the government increases.  

 

 b. Environmental fund model 

 Adding mean environmental damages equal to 25 percent of  project NPV 

($1,341 million) to the original cash flow, decreases the total NPV of the project from 

$5,365 million to $4,751 million, as shown in Table 4. The government’s share of NPV 

relative to the investor increases from a 38 percentage point difference to a 72 percentage 

point difference across the range of assumed damages. 

  Figure 4 shows how the government’s share of the standard deviation of  project 

NPV relative to the investor decreases as the mean of environmental damages increases. 

At average damages equal to one-fourth of the original NPV ($1,341 million), the 

government’s risk share is 41 percent. This share decreases to 34 and 28 percent as 

environmental damages increase to one-half ($2,682 million) and three-fourths ($4,024 

million) of original NPV. The government’s share of risk relative to the investor decreases 

from  20 percentage points to 45 percentage points over the set of assumed damages.   
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Figure 4. Risk Shares by Amount of Environmental Damage- Environmental Fund Model. As the 
mean of the of the distribution of damages in each year increases, the difference of the relative risk share 
born by the investor and the government increases.  
  

  C. Discussion of results 

 The cash flow results presented above show how the asymmetry of the Oyu 

Tolgoi contract terms under consideration affect risk shares to Ivanhoe Mines and the 

government of Mongolia. Given the payment structure to the government, including the 

25 percent corporate profits tax, 5 percent mining royalties, and 30 percent equity share, 

the government’s risk share should equal 47.5 percent.134  The specific terms of these 

payments, however, limit the government’s downside at zero. The loss carried forward on 

the corporate profits tax and the carried interest on the government equity participation 

allow the government to share only positive NPV. Since environmental damages make 

the distribution of possible NPV to the project more negative, the risk shares of the 

government and the investor will diverge. Furthermore, the asymmetry of the contract 

structure causes the sum of the standard deviations on NPV to the government and the 

investor to be higher than the standard deviation on the NPV to the project as a whole. In 

other words, by adding asymmetric terms to the contract structure, the government and 

investor will bear more environmental risk than they would otherwise. 

                                                 
134 .25 + (.30*.75) = .475 
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 VI. Conclusions  

 

 Three general conclusions can be made from the results presented in Section V. 

First, as the contract for Oyu Tolgoi is developed, environmental risk must be considered 

in the context of the overall contract structure, as well as in the context of the underlying 

regulatory framework and economic climate. Since environmental damage of some 

degree is virtually inevitable in the mining process, the construction of other contract 

terms must implicitly include consideration of environmental terms and vice versa. In 

other words, development of the contract must be holistic. As discussed in Section V, the 

effects of environmental risk on cash flows and risk shares to the parties are determined 

by the surrounding terms of the contract, particularly the tax structure and equity 

participation.  As environmental risk parameters are added to the cash flow, not only does 

the overall NPV to the project decrease, but the distribution of risk and returns to the 

parties is altered. The results of this analysis imply that the interactions between 

environmental assurance and other contract terms will ultimately determine the outcome 

of the project. The implications of this interaction are potentially serious given the 

magnitude of the Oyu Tolgoi project and its potential economic effects.  

 Second, the results presented in Section V are general with respect to the contract. 

Under an alternative contract regime, the same environmental parameters would yield 

different cash flow and risk sharing results. The third conclusion is that while the cash 

flow to each party is dependent on the structure of the contract, it is independent of the 

environmental parameters included in this analysis. If the probability of environmental 

damage occurring or the mean damages estimate are increased or decreased, the levels of 

risk and return will follow. However, the relative shares to the parties will be consistent 

to the results above, holding the contract terms constant.  

 Taken together, the latter two conclusions imply that an effort should be made to 

estimate quantitatively the nature of the environmental risk specific to the Oyu Tolgoi 

project before the contract is finalized. The environmental parameters included in this 

analysis are arbitrary and are only used for demonstrative purposes. Accurate estimations 

of the environmental risk parameters will allow for more precise analysis of the impact of 
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the contract structure on the project’s true costs and benefits to each of the parties and to 

the Mongolian people.  

 The contract structure currently under consideration by the Mongolian 

government and Ivanhoe will place an unnecessary burden of environmental risk on the 

citizens of Mongolia. By taking a high stake in the project through the corporate profits 

tax, mineral royalties, and equity participation, the government places a 47.5 percent 

share of the total risk to the project on itself, and by extension, its citizens. The 

asymmetry of the contract relieves a fraction of this share. However, given the current 

contract structure, any risk of environmental damages will necessarily result in a cost to 

the government as the contract currently stands. As shown in the previous section, risk to 

the parties is higher than the total risk of the project. This risk may be unnecessary and 

may dampen any positive development effects the Oyu Tolgoi license may have on the 

Mongolian economy.  
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VII. Appendix: Cash Flow Model 

 
Prepared by Robert Conrad, Ph.D. for Open Forum Mongolia and Revenue Watch, 2006 
 
Data are from Ivanhoe Mines (2005). Oyu Tolgoi project development plan, executive 
summary, available at http://www.ivanhoe-mines.com/s/IDP.asp (downloaded April 23, 
2007).    
 

      
A. BASIC DATA AND ASSUMPTIONS    
      
Economic Information    
  US Dollar Inflation 0.00%   
  Real Interest Rate (US Dollar per Annum) 8.00%   
  Nominal Interest Rate (US Dollar per Annum 8.00%   
      
      
  Base Prices (US Dollars)    
  Copper 1.15 Per Pound 
  Gold 500.00 Per Ounce 
  Copper 2,535.32 Per Tonne 
  Gold 16,075,373.26 Per Tonne 
      
Investor Information    
  Debt to Asset Ratio 0.00   
  Real Interest Rate on Loans 8.00%   
  Real Investor Discount Rate 8.00%   
  Nominal Interest Rate on Loans 8.00%   
  Nominal Discount Rate for Investor 8.00%   
  Proportion of Debt That is Inter-Affliated 0.00%   
      
Government Information    
  A.  Royalty Rates Old Regime New Regime 
     Copper 2.50% 5.00% 
      
     Gold 2.50% 5.00% 
      
  B.  Corporate Income Tax Rate 30.00% 25.00% 
      
  C.  Immovable Property Tax Rate 0.60%   
      
  D.  Windfall Tax    
      Copper    
          Rate  68.00% 
          Base Price Per Tonne  2,600.00 
      
  Government Equity Interest  34.00% 
      
       Gold    
           Rate  0.68 
           Base Per Ounce  500.00 
           Base Per Tonne   16,075,373.26 
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 E.   Withholding Taxes   

       Interest 0  

      Dividends 0.05  

      Royalities for Technology 0  

    

    

 Risk Variables:  Price Varies Model   

    

 Copper   

   Expected Price of Copper 2,535.32  

   Proportion for Standard Deviation 0.50  

   Standard Deviation 1,267.66  

   Maximum Price 7,605.95  

   Minimum Price 253.53  

    

 Gold   

   Expected Price of Gold 16,075,373.26  

   Proportion for Standard Deviation 0.50  

   Standard Deviation 8,037,686.63  

   Maximum Price 48,226,119.79  

   Minimum Price 1,607,537.33  
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B. EXTRACTION AND PRODUCTION         

          

  

Calendar 

Time  Linear Time Extraction 
Concentrate 
Production 

Cu in 
Concentrate 

Au in 
Concentrate 

  2005  0 0 0 0 0 

  2006  1 0 0 0 0 

  2007  2 0 0 0 0 

  2008  3 8,000,000 149,000 38,102 2 

  2009  4 25,000,000 510,000 134,263 14 

  2010  5 26,000,000 576,000 152,861 20 

  2011  6 26,000,000 701,000 205,931 16 

  2012  7 28,000,000 971,000 328,854 14 

  2013  8 29,000,000 1,162,000 439,077 7 

  2014  9 30,800,000 1,357,600 528,707 10 

  2015  10 30,800,000 1,357,600 528,707 10 

  2016  11 30,800,000 1,357,600 528,707 10 

  2017  12 30,800,000 1,357,600 528,707 10 

  2018  13 30,800,000 1,357,600 528,707 10 

  2019  14 30,800,000 1,079,700 354,845 6 

  2020  15 30,800,000 1,079,700 354,845 6 

  2021  16 30,800,000 1,079,700 354,845 6 

  2022  17 30,800,000 1,079,700 354,845 6 

  2023  18 30,800,000 1,079,700 354,845 6 

  2024  19 30,800,000 1,079,700 354,845 6 

  2025  20 30,800,000 1,079,700 354,845 6 

  2026  21 30,800,000 1,079,700 354,845 6 

  2027  22 30,800,000 1,079,700 354,845 6 

  2028  23 30,800,000 1,079,700 354,845 6 

  2029  24 30,800,000 994,750 287,373 7 

  2030  25 30,800,000 994,750 287,373 7 

  2031  26 30,800,000 994,750 287,373 7 

  2032  27 30,800,000 994,750 287,373 7 

  2033  28 30,800,000 994,750 287,373 7 

  2034  29 30,800,000 994,750 287,373 7 

  2035  30 30,800,000 994,750 287,373 7 

  2036  31 30,800,000 994,750 287,373 7 

  2037  32 30,800,000 994,750 287,373 7 

  2038  33 30,800,000 994,750 287,373 7 

  2039  34 30,800,000 994,750 287,373 7 

  2040  35 30,800,000 994,750 287,373 7 

  2041  36 30,800,000 994,750 287,373 7 

  2042  37 30,800,000 994,750 287,373 7 

  2043  38 30,800,000 994,750 287,373 7 

  2044  39 30,800,000 994,750 287,373 7 

  2045  40 30,800,000 994,750 287,373 7 

  2046  41 30,800,000 994,750 287,373 7 

  2047  42 30,800,000 994,750 287,373 7 

  2048  43 30,800,000 994,750 287,373 7 
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C. VARIABLE COSTS 

  
Calendar 

Time 

Linear 

Time 

Average Cost Per Ton 
of Extraction 

  2005 0 0 

  2006 1 0 

  2007 2 0 

  2008 3 9.5 

  2009 4 7.52 

  2010 5 7.04 

  2011 6 6.81 

  2012 7 5.86 

  2013 8 5.83 

  2014 9 5.66 

  2015 10 5.66 

  2016 11 5.66 

  2017 12 5.66 

  2018 13 5.66 

  2019 14 5.64 

  2020 15 5.64 

  2021 16 5.64 

  2022 17 5.64 

  2023 18 5.64 

  2024 19 5.64 

  2025 20 5.64 

  2026 21 5.64 

  2027 22 5.64 

  2028 23 5.64 

  2029 24 5.81 

  2030 25 5.81 

  2031 26 5.81 

  2032 27 5.81 

  2033 28 5.81 

  2034 29 5.81 

  2035 30 5.81 

  2036 31 5.81 

  2037 32 5.81 

  2038 33 5.81 

  2039 34 5.81 

  2040 35 5.81 

  2041 36 5.81 

  2042 37 5.81 

  2043 38 5.81 

  2044 39 5.81 

  2045 40 5.81 

  2046 41 5.81 

  2047 42 5.81 

  2048 43 5.81 
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D. CAPITAL EXPENDITURES     

  
Calendar 

Time 

Linear 

Time 

Physical and 
Intangibles 

Working 
Capital 

  2005 0 30 7 

  2006 1 519 154 

  2007 2 536 -12 

  2008 3 189 -133 

  2009 4 311 -3 

  2010 5 296 25 

  2011 6 220 -6 

  2012 7 72 -64 

  2013 8 87 -19 

  2014 9 48 -1.8 

  2015 10 48 -1.8 

  2016 11 48 -1.8 

  2017 12 48 -1.8 

  2018 13 48 -1.8 

  2019 14 63.6 2.4 

  2020 15 63.6 2.4 

  2021 16 63.6 2.4 

  2022 17 63.6 2.4 

  2023 18 63.6 2.4 

  2024 19 63.6 2.4 

  2025 20 63.6 2.4 

  2026 21 63.6 2.4 

  2027 22 63.6 2.4 

  2028 23 63.6 2.4 

  2029 24 40.65 1.85 

  2030 25 40.65 1.85 

  2031 26 40.65 1.85 

  2032 27 40.65 1.85 

  2033 28 40.65 1.85 

  2034 29 40.65 1.85 

  2035 30 40.65 1.85 

  2036 31 40.65 1.85 

  2037 32 40.65 1.85 

  2038 33 40.65 1.85 

  2039 34 40.65 1.85 

  2040 35 40.65 1.85 

  2041 36 40.65 1.85 

  2042 37 40.65 1.85 

  2043 38 40.65 1.85 

  2044 39 40.65 1.85 

  2045 40 40.65 1.85 

  2046 41 40.65 1.85 

  2047 42 40.65 1.85 

  2048 43 40.65 1.85 

 


