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Emmerson Plc / Ticker: EML / Index: LSE / Sector: Mining 

1 June 2020 

Emmerson Plc όά9ƳƳŜǊǎƻƴέ ƻǊ ǘƘŜ ά/ƻƳǇŀƴȅέύ  

Feasibility Study Confirms Low Capex, High Margin Potash Mine 

with Outstanding Economic Metrics  

Emmerson Plc, the Moroccan focused potash development company, is pleased to release a summary of the 

results of its recently completed Feasibility Study όάC{έύ ŦƻǊ ǘƘŜ /ƻƳǇŀƴȅΩǎ млл҈ ƻǿƴŜŘ YƘŜƳƛǎǎŜǘ tƻǘŀǎƘ 

tǊƻƧŜŎǘ ƭƻŎŀǘŜŘ ƛƴ ƴƻǊǘƘŜǊƴ aƻǊƻŎŎƻ όάYƘŜƳƛǎǎŜǘέ ƻǊ άǘƘŜ tǊƻƧŜŎǘέύΦ   

Highlights 

¶ Post Tax NPV8 of US$1.4 billion1 and IRR of 38.5% over an initial 19 year mine life 

¶ Total pre-production capital cost (potash only) US$387 million including contingency 

o Represents a reduction of US$19 million or 4.7% from Scoping Study 

o Bottom decile capital intensity per tonne of product produced, less than half of global peer average 

capital intensity 

¶ Additional capital cost of US$24 million (incl. contingency) for a salt plant designed to produce de-icing 

specification salt for sale into the east coast US de-icing salt market 

¶ Peak production of approximately:  

o 810,000 tonnes per annum of K60 MOP 

o 1,000,000 tonnes per annum of de-icing salt 

¶ Average steady state production of: 

o 735,000 tonnes per annum of K60 MOP 

o 1,000,000 tonnes per annum of de-icing salt 

¶ Improved metallurgical recoveries based on detailed metallurgical test work programme results 

o Weighted average LOM recovery 85.2% up from 83.6% in Scoping Study 

¶ Bottom quartile projected all-in-sustaining delivered cost ǘƻ ŀƭƭ 9ƳƳŜǊǎƻƴΩǎ ǘŀǊƎŜǘ ƳŀǊƪŜǘǎ ƛƴŎƭǳŘƛƴƎ .ǊŀȊƛƭΣ 

NW Europe, Morocco, South Africa 

¶ Top quartile projected cash margins according to analysis conducted by Argus FMB 

o Average, steady state post-tax cash margins of 47.1%  

o Average, steady state, EBITDA margins of 61.5%  

¶ Robust cashflow generation at a broad range of potash price assumptions 

o Average steady state EBITDA of US$307 million per annum2  

o Less than 2.6yr capital payback2 

¶ Initial mine life of 19 years with significant potential to increase from existing JORC compliant mineral 

resources  

o Current mine plan includes only 43% of the total mineral resource estimate of 537 million tonnes with 

an average grade of 9.24% K2O 

¶ Design and estimates completed by independent engineers according to AusIMM guidelines  

¶ Emmerson cash position, as of 31 April 2020, of £1.2 million 

o Fully funded to deliver key permitting workstreams including Environmental and Social Impact 

Assessment 

 
1 Nominal NPV8, 3.0% escalation applied to both operating costs and revenues 
2 Using industry expert Argus FMB price forecasts 



2 
 

Hayden Locke, CEO of Emmerson, commented:  

ά¢ƘŜ Feasibility Study has confirmed the findings from the Scoping Study, which showed that Khemisset has the 

potential to be a world class, low capital cost, high margin potash mine, which is a very rare asset in the global 

fertiliser industry. The strong agricultural investment thematic remains firmly in place driven by ever increasing 

global population and shrinking arable land, which necessitates the need for fertiliser and, in particular, potash.  

ά²Ŝ ŀǊŜ particularly pleased that the total pre-production capital cost has come down by approximately US$19 

million from the Scoping Study, which is unusual when moving to higher levels of engineering, and is a testament 

to the focus of our engineering team on delivering fit for purpose, disciplined designs for the Project. 

άAs expected, the forecast all-in-sustaining cash costs, delivered to customer, place this project in the bottom 

quartile of all potash projects to 9ƳƳŜǊǎƻƴΩǎ ǘŀǊƎŜǘ markets. When we include the offsetting salt by-product 

credits, as is the typical convention in the mining industry, Khemisset becomes one of the lowest cost producers 

to these markets. This is a powerful competitive position and that will continue to attract interest from numerous 

potential strategic partners. 

άLǘ Ŧƻƭƭƻǿǎ ǘƘŀǘ ǘƘŜ ŜŎƻƴƻƳƛŎǎ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ ǿƻǳƭŘ ōŜ ƘƛƎƘƭȅ ŎƻƳǇŜƭƭƛƴƎΣ ŀƴŘ ǿƛǘƘ ŀƴ Lww ƻŦ nearly 39% and a 

post-tax NPV8 of US$1.4 billion, this is clearly an extremely robust project in normal potash market conditions, 

generating average revenue of over US$480 million and EBITDA of over US$300m for the life of the mine. It is 

outstanding that, in a downside market price scenario, assuming a potash price of around US$225/tonne, this 

project will still generate a very robust average life of mine post-tax free cash flow of nearly US$90 million per 

annum and an IRR of nearly 15%. This is more than enough to pay the interest and principal on a significant 

amount of debt and ensure that we, as equity investors in Emmerson, make a solid downside case return on our 

capital. It is one of the very few potash projects globally that would achieve these metrics in the downside price 

scenario. 

άL ǿƻǳƭŘ ƭƛƪŜ ǘƻ ǘƘŀƴƪ ƻǳǊ project engineering team, and in particular the team from Golder and Barr, who have 

undertaken an extremely rigorous engineering and de-risking programme and have delivered a thorough 

assessment of the project and a clear plan for its future development. 

ά¢ƘŜ objectives for Emmerson for the rest of 2020 are to move the Project through the various permitting 

requirements, including an Environmental and Social Impact Assessment which incorporates a formal 

stakeholder engagement programme, while concurrently moving forward our financing discussions for the next 

phase of development at Khemisset.έ 

Key Assumptions and Results from Study 

The key assumption underpinning the Feasibility Study is an average annual extraction rate of approximately 6 

million tonnes of ROM ore with an average grade (undiluted) over the life of mine of 9.12% K2O. The Feasibility 

Study is based on 43% of the JORC compliant Mineral Resource Estimate of 537Mt at an average grade of 9.24% 

K2O, delivering an initial mine life of 19 years. Significant potential remains to increase the mine life by including 

additional resources, notably in the south west of the project area, and through further exploration work. 

Processing assumes a hot leaching and crystallisation process to extract and purify the KCl in the ore into saleable 

grade K60 MOP. Over the life of mine, the process plant delivers an average of approximately 735,000 metric 

tonnes per annum of K60 product and 1 million metric tonnes of de-icing salt for sale.  

The Feasibility Study assumes all MOP and salt product is exported through the Port of Casablanca, using trucks 

from mine site, to be sold in 9ƳƳŜǊǎƻƴΩǎ ǘŀǊƎŜǘ ƳŀǊƪŜǘǎ ƛƴ ǘƘŜ !ǘƭŀƴǘƛŎ ŎƻǊǊƛŘƻǊ. 
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Capital cost estimates include a contingency of 16% and capital and operating cost estimates have an accuracy 

of ±20-25%. Key assumptions and results are outlined in Table 1 below: 

Parameter Value 

Initial Operating Life 19 years 

Annual ROM Extraction Rate 6Mtpa 

Average Life of Mine Grade to Mill 8.6% K2O 

Average Metallurgical Recovery (LOM) 85.2% 

Average Annual MOP Production Rate ~735,000 metric tonnes  

Average Annual Salt Production Rate 1 million metric tonnes 

Average Flat Real MOP Price CFR Brazil US$412/tonne 

Average Flat Real Salt Price CFR East Coast US US$60/tonne 

Capital Cost (including US$45.5m contingency) US$387 million 

Total Cash Cost FOB Port of Casablanca US$125.3/tonne 

All-in-Sustaining Cash FOB Port of Casablanca US$158.0/tonne 

Average Steady State EBITDA US$307 million 

Average Steady State EBTDA Margin 61.5% 

Average Steady State Annual Post-Tax Cash Flow US$235 million 

Average Steady State Post Tax Cash Margin 47.1% 

Post Tax NPV8 (nominal) US$1.4 billion 

Post Tax IRR (nominal) 38.5% 

Post-tax Payback Period 2.6yrs 

Table 1: Key Assumptions and Results 
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Economic Sensitivity Analysis 

Economic sensitivity analyses of Khemisset shows it to be a financially robust project that delivers strong NPVs 

and healthy cashflows through a range of potash prices. A summary of NPVs at a variety of potash prices and 

discount rates can be seen in Table 2 below.  

NPV - US$ millions Flat Real MOP Price - US$/tonne 

Discount 
Rate 

  
288 

(-30%) 
350 

(-15%) 
412 

(Base) 
473 

(15%) 
536 

(30%) 

4% 1,151.0  1,719.6  2,288.3  2,857.0  3,425.7  

6% 855.5  1,316.0  1,776.5  2,237.0  2,697.5  

8% 634.9  1,012.9  1,390.9  1,768.9  2,146.9  

10% 468.1  782.4  1,096.7  1,410.9  1,725.2  

Table 2: NPV Sensitivity to Potash Price and Discount Rate  

Strong cashflow generation at a variety of low potash prices is fundamental to the ability to finance the Project. 

Khemisset delivers strong, post-tax, cashflows which Management believes will be capable of delivering the 

requisite finance to complete the construction and ramp up of the mine. A summary of the EBITDA, post-tax 

cashflow and IRR at a variety of potash prices can been seen in Table 3, Table 4 and Table 5 below. 

EBITDA ς US$ millions Flat Real MOP Price - US$/tonne 

 
227 

(-45%) 
288 

(-30%) 
350 

(-15%) 
412 

(Base) 
474 

(15%) 
536 

(30%) 
130.4 189.3 248.3 307.2 366.1 425.0 

Table 3: EBITDA Sensitivity to Potash Price 

 

Post Tax FCF ς US$ 
millions 

Flat Real MOP Price - US$/tonne 

 
227 

(-45%) 
288 

(-30%) 
350 

(-15%) 
412 

(Base) 
474 

(15%) 
536 

(30%) 
87.5 136.8 186.0 235.2 284.5 333.7 

Table 4: Post-Tax Free Cash Flow Sensitivity to Potash Price 

 

IRR Flat Real MOP Price - US$/tonne 

 
227 

(-45%) 
288 

(-30%) 
350 

(-15%) 
412 

(Base) 
474 

(15%) 
536 

(30%) 
14.7% 23.3% 31.1% 38.5% 45.5% 52.3% 

Table 5: IRR Sensitivity to Potash Price 

 

Key Financial Assumptions for DCF Model  

Industry Expert Argus FMB Price Forecasts over Life of Mine (approx. average US$412/tonne real flat) 
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Key Financial Assumptions for DCF Model  

Nominal Discount Rate of 8% 

Costs and revenues escalated at 3.0% per annum over life of mine (average UK inflation since 1998) 

5 Yr Corporate Tax Holiday  

20.0% Corporate Tax Rate on Exported Product 

Two years pre-production, ramp-up 50% in year 1 

Table 6: Key Assumptions Used in Financial Model 

Summary of Capital and Operating Costs contained in the Study 

Capital and operating costs were estimated from first principles in line with the Australian Institute of Mines and 

aŜǘŀƭƭǳǊƎȅ όά!ǳǎLaaέύ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ ŀ Feasibility Study and have been estimated with an accuracy of ±20-25%. 

The total pre-production capital cost for the potash mine and salt plant together is US$411 million, which 

includes a US$45 million (16%) contingency. Pre-production capital cost, even when including the salt plant, 

places Khemisset in the lowest decile for capital intensity among its global potash development peers. A 

summary of pre-production capital costs can be seen in Table 7 below. 

Summary of Capital Costs (Potash and Salt) 

Capital Cost Item US$M 

Mining 89.6 

Processing Plant 146.6 

Surface Infrastructure 17.9 

Tailings Storage 30.5 

Total Direct 284.6 

EPCM 32.8 

Indirects 47.9 

Contingency (16%) 45.5 

Total Pre-Production Capital Cost 410.9 

Capital Intensity (US$/tonne product) 507.4 

Table 7: Summary of Pre-Production Capital Costs 

Operating costs have been estimated using key inputs including equipment lists and mechanical performance, 

power consumption, Moroccan electricity and gas rates, Moroccan and expatriate labour rates. All costs have 

been built from first principles to provide a deterministic estimate of operating costs over the life of the mine. A 

summary of steady state operating costs can be seen in Table 8 below. 
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Summary of Operating Costs in First Year of Full Production (Potash Only) 

Operating Cost Item US$/t ROM US$/t MOP 

Mining (incl. Contract Mining) 7.8 60.2 

Processing 5.5 42.7 

Other Site Operating Costs 0.7 5.6 

Administration 0.4 2.8 

Total Cash Cost to Mine Gate 14.4 111.2 

Trucking to Port of Casablanca and Port Charges 2.0 14.1 

Sustaining Capital 4.2 32.7 

All-in-Sustaining Cash Cost (FOB Casablanca) 20.6 158.0 

Freight to Brazil 1.4 10.0 

All-in-Sustaining Cash Cost to Brazil 22.0 168.0 

Table 8: Summary of Operating Costs in First Year of Full Production 

Comparison to Peers 

The Feasibility Study estimates that the capital intensity of the Khemisset Project, per tonne of product 

produced, will be less than half of the global peer average capital intensity for potash mines. Khemisset remains 

in the bottom three projects globally in terms of both capital intensity and absolute pre-production capital cost. 

A comparison to other potash projects is shown in Figure 1 below. 

Figure 1. Pre-Production Capital Intensity for Potash Projects Globally 
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Despite Khemisset having higher operating costs to mine gate, relative to low-cost Russian and Canadian peers, 

it is still forecast to be in the bottom quartile in terms of delivered cost to all of its target markets due to its 

favourable location, within 200km of a port (with the potential for this to reduce to 100km upon the opening of 

the planned port of Kenitra Atlantique), and its proximity to its end markets. When salt by-product credits are 

included, as is the convention in the mining industry, Khemisset is projected to be among the bottom two or 

three projects globally on an all-in-sustaining delivered cost to Brazil basis.  

Independent market consultants, Argus FMB, provided ŀƴŀƭȅǎƛǎ ƘƛƎƘƭƛƎƘǘƛƴƎ 9ƳƳŜǊǎƻƴΩǎ ǇǊƻƧŜŎǘŜŘ ŎƻƳǇŜǘƛǘƛǾŜ 

position which can be seen below in Figure 2. 

 

Figure 2: Industry All-in-Sustaining Delivered Cost Curve to CFR Brazil 
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Notes to Editors 

9ƳƳŜǊǎƻƴΩǎ ǇǊƛƳŀǊȅ ŦƻŎǳǎ ƛǎ ƻƴ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ YƘŜƳƛǎǎŜǘ tƻǘŀǎƘ tǊƻƧŜŎǘ ƭƻŎŀǘŜŘ ƛƴ bƻǊǘƘŜǊƴ aƻǊƻŎŎƻΦ  ¢ƘŜ 

Project has a large JORC Resource Estimate (2012) of 537Mt @ 9.24% K2O and significant exploration potential 

with an accelerated development pathway targeting a low capex, high margin mine.  Khemisset is perfectly 

located to capitalise on the expected growth of African fertiliser consumption whilst also being located on the 

doorstep of European markets. This unique positioning means the Project will receive a premium netback price 

ŎƻƳǇŀǊŜŘ ǘƻ ŜȄƛǎǘƛƴƎ ǇƻǘŀǎƘ ǇǊƻŘǳŎŜǊǎΦ ¢ƘŜ ƴŜŜŘ ǘƻ ŦŜŜŘ ǘƘŜ ǿƻǊƭŘΩǎ ǊŀǇƛŘƭȅ ƛƴŎǊŜŀǎƛƴƎ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ŘǊƛǾƛƴƎ 

demand for potash and Emmerson is well placed to benefit from the opportunities this presents.  

 

The information contained within this announcement is deemed by the Company to constitute inside information 

as stipulated under the Market Abuse Regulations (EU) No. 596/2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Feasibility Study Overview 

For further information, please visit www.emmersonplc.com, follow us on Twitter (@emmerson_plc), or 

contact:  

Hayden Locke Emmerson Plc Tel: +44 (0) 207 236 1177 

Damon Heath 

Isabella Pierre 

Shard Capital Tel: +44 (0) 207 628 3396 

 

  Tel: +44 (0) 3137 1904 

Isabel De Salis 

Megan Dennison 

St Brides Partners Ltd 

Financial PR/IR 

Tel: +44 (0) 20 7236 1177 

 

http://www.emmersonplc.com/
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The Feasibility Study was managed by global, independent, mining and engineering consultants, Golder 

!ǎǎƻŎƛŀǘŜǎ όάDƻƭŘŜǊέύ, with input on the processing design from Global Potash Solutions and Barr Associates. 

Designs and estimates have been prepared in line with guidelines provided by the Australasian Institute of Mining 

ŀƴŘ aŜǘŀƭƭǳǊƎȅ όά!ǳǎLaaέύ for the preparation of feasibility studies.  

Khemisset is 100% owned by Emmerson and is estimated to produce approximately 6 million tonnes per annum 

(Mtpa) of run-of-ƳƛƴŜ όάwhaέύ ƻǊŜ ǘƻ ŘŜƭƛǾŜǊ on average, over an initial mine life of 19 years, around 735,000 

tonnes of K60 Muriate-of-tƻǘŀǎƘ όάahtέύ per annum. The mine is proposed to be accessed via twin declines from 

the surface which will enable ore to be extracted using a conventional room and pillar mining methodology using 

continuous miners. Ore will be processed via hot leaching, cold crystallisation to produce the generic K60 MOP 

product which is standard in the industry. 

In line with the AusIMM guidelines, this Feasibility Study has an estimation accuracy of ±20-25% and provides a 

multi-disciplinary assessment of all technical characteristics of the project including geology, mining, processing, 

and infrastructure as well as presenting a detailed mine design, mine plan, capital and operating cost estimates, 

and cash flow analysis.  

Golder relied upon inputs from various experts in the technical fields comprising the Feasibility Study including: 

Discipline Company Role / Specialism 

Project Management Golder Principal Resource Geologist 

Geology Moroccan Salts Ltd / Golder Consultant Geologists / Resource Geologist 

Geotechnical Golder Principal Geotechnical Engineer 

Hydrogeology Golder Principal Hydrogeologist 

Mine Design Golder Principal Mining Engineer 

Mine Access Golder Project Engineer 

Mineral Processing Global Potash Solutions / Barr Chemical Engineer 

Mechanical Engineer 

Mine Waste Disposal Golder Principal Tailings Engineer 

Project Infrastructure DeltaBEC Civil Engineer 

Environmental & Social Golder N/A 

Cost Estimation Golder N/A 

Economic Analysis Golder Principal Mining Engineer 

 

 

What is Potash 
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Potash is the name given to potassium-based fertilisers used in agricultural production. Fertiliser is fundamental 

in global food security objectives - improvement in agricultural production yield, which will be required to feed a 

global population that is forecast to grow by 2.2bn by 2050, from an ever-shrinking arable land per capita, 

Potassium is an important mineral required for human health. Since potassium is not stored in the body, it is 

necessary to continually replace this nutrient on a regular basis with potassium-rich foods.  

Potassium is also essential for plant health and there must be an adequate supply in the soil to maintain good 

growth. When the potassium supply is limited, plants may suffer from reduced yields, poor quality, utilise water 

less efficiently, and are more susceptible to pest and disease damage. 

In many parts of the world, agricultural soils are gradually becoming depleted of potassium through intensive 

agriculture. After many years of intensive cropping and repeated nutrient removal during harvest, many fields 

now require regular inputs of potash to maintain their productivity. High yielding crops remove large amounts of 

potassium in the harvested portion of the crop. For example, harvesting 9 tonnes an acre of alfalfa will remove 

nearly 200kg per acre of K2O. Similarly, a potato yield of 20 tonnes an acre removes 250kg K2O.  

The removal of potassium and other minerals from the soil ς effectively mining the nutrients ς requires consistent 

reapplication in the form of fertiliser to ensure ongoing yields are maintained or improved. Potassium (K) is one 

of the three key macro nutrients required for efficient agricultural production, along with Nitrogen (N) and 

Phosphorus (P), and potash is the most important potassium-based fertiliser.  

Geology 

The Khemisset Basin is a sedimentary basin of Triassic age, initiated by the opening of the mid-Atlantic ridge. The 

sedimentary sequence of the basin is characterised by early continental red bed deposits including iron-rich 

sandstones. Continued subsidence and extensional faulting in the late Triassic and early Jurassic resulted in the 

deposition of clay and extensive evaporite sequences, characteristic of a closed marine basin and thought to 

exceed 1,000m in thickness in some areas. The evaporitic sequence is primarily comprised of halite, gypsum and 

locally, sylvite and carnallite.  

Following ongoing subsidence of the basin during the Lower and Middle Jurassic, the Khemisset basin was 

characterised by a continental slope leading into a shallow marine environment with the deposition of carbonate 

banks and the formation of a carbonate platform with associated dolostone and dolomitic limestone deposits. 

Around this time Western Morocco also experienced the deposition of extrusive basalts. Subsidence in the 

Moroccan continental margin continued into the Middle Cretaceous, until a period of uplift in the Late 

Cretaceous leading to salt diapirism; the intrusion of salt into surrounding host rock to form domes. As the rate 

of subsidence slowed, the basin became erosive leading to the deposition of a thick Tertiary sedimentary 

sequence of marls and conglomerates.  

The evaporite sequence is equivalent to the Lower Salt Formation observed within the Khemisset basin and 

represents a regional target for potash exploration. Sylvite and carnallite mineralisation is also known to exist in 

other regional basins including Doukkala, Berrechid, Essaouira, and Boufekrane in Northern Morocco.  

The Khemisset basin has been the subject of exploration since the 1950s, initially by the Bureau de Recherches 

Ŝǘ ŘŜ tŀǊǘƛŎƛǇŀǘƛƻƴ aƛƴƛŜǊŜǎ ό.wtaύ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ aƛƴŜǎ 5ƻƳŀƴƛŀƭŜǎ ŘŜǎ tƻǘŀǎǎŜ ŘΩ!ƭǎŀŎŜ όa5t!ύΦ 

Exploration continued in the 1960s by BRPM with input from the United National Development Programme 
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(UNDP). Exploration methods to-date have included surface geophysical surveys, 2D seismic surveys and 

borehole drilling.  

Three previous drilling campaigns have been performed in the Khemisset Basin targeting potash; two historical 

exploration campaigns and one recent verification programme. The first, carried out by the association Bureau 

ŘŜ wŜŎƘŜǊŎƘŜǎ Ŝǘ ŘŜ tŀǊǘƛŎƛǇŀǘƛƻƴǎ aƛƴƛŜǊŜǎ ό.wtaύ ŀƴŘ aƛƴŜǎ 5ƻƳŀƴƛŀƭŜǎ ŘŜǎ tƻǘŀǎǎŜǎ ŘΩ!ƭǎŀŎŜ όa5t!ύ 

between 1955 and 1958, consisted of 9 drillholes, totalling 7,518 drilled metres. The second, was performed by 

BRPM between 1962 and 1969 and included 124 new drillholes. The drilled metres in both historical campaigns 

totalled 85,315 m.  

Moroccan Salts Limited, a 100% owned subsidiary of Emmerson, completed a three-hole verification drilling 

programme, for a total of 1,543 m. In 2019, Emmerson completed a second drilling campaign, drilling 9 infill drill 

holes totalling 6,485m, which provided new geological data in the area of the Oued Beht basin, the target of 

initial mining operations in the FS. 

Mineral Resource Estimate 

¢ƘŜ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜ 9ǎǘƛƳŀǘŜ όάaw9έύ ǿŀǎ ŎƻƳǇƭŜǘŜŘ ōȅ ƛƴŘŜǇŜƴŘŜƴǘ Ŏƻƴǎǳƭǘŀƴǘǎ DƻƭŘŜǊ ŀǘ ǘƘŜ ǊŜǉǳŜǎǘ ƻŦ 

Emmerson and includes data sets from all historical and recently completed drilling (refer RNS dated 02 

September 2019) and other field work at Khemisset. The updated MRE (refer RNS dated 28 October 2019) used 

as the basis for the FS is: 

 Million Tonnes  

(potash ore) 
K2O (%) 

Indicated Category 375.2 9.36 

Inferred Category 161.8 8.96 

Total (Indicated & Inferred) 536.9 9.24 

Table 9: Mineral Resource Estimate 

A maiden MRE for the Project was completed in May 2018 and was based on historical exploration conducted 

across the Khemisset basin between 1955 and 1969, comprising approximately 86,500m of drilling, and three a 

confirmatory drill holes comprising 1,543m conducted by Emmerson in 2016.  

A Scoping Study was completed by Golder in 2018 and a new exploration campaign by Emmerson in 2019 

comprising 9 infill drill holes totalling 6,485m, which provided new geological data in the area of the Oued Beht 

basin, the target of initial mining operations in the FS. 
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A summary of the MRE used for the Feasibility Study, and a comparison to the maiden MRE used for the Scoping 

Study, can be seen in Figure 3 below: 

Figure 3: Khemisset Project JORC Compliant Mineral Resource Estimate 

This information has been supplemented by 2D seismic surveying and interpretation commissioned by 

Emmerson in 2018, providing an increased level of geological understanding across the deposit. The new 

information has allowed Golder to further validate the historical dataset and 2018 interpretations to update the 

geological model which informs the updated MRE.  

As part of the Feasibility Study, Golder conducted a site visit in February 2019 during the early stages of the 

drilling campaign, affording the opportunity to check the local geology through examination of drill cores, the 

ŎƻǊŜ ǎƘŜŘΣ ǿƛŘŜǊ ƭƻƎƎƛƴƎ ŀƴŘ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎΣ ŀƴŘ ƛƴǘŜǊŀŎǘƛƴƎ ǿƛǘƘ 9ƳƳŜǊǎƻƴΩǎ ǎǘŀŦŦΦ Lǘ ŀƭǎƻ ŜƴŀōƭŜŘ 

DƻƭŘŜǊ ǘƻ ŎƻƴŦƛǊƳ ŘǊƛƭƭƛƴƎΣ ǎŀƳǇƭƛƴƎΣ ŀƴŘ vǳŀƭƛǘȅ !ǎǎǳǊŀƴŎŜκvǳŀƭƛǘȅ /ƻƴǘǊƻƭ όάv!κv/έύ ōŜǎǘ ǇǊŀŎǘƛŎŜ ǇǊƻŎŜŘǳǊŜs 

were being implemented by Emmerson. 

Geotechnical  

Following on from the work completed in the Scoping Study, the Feasibility Study benefits from a range of 

geotechnical test work programmes which were carried out using the core from the drilling programme 

completed in September 2019. 

bƛƴŜ ōƻǊŜƘƻƭŜǎ ƘŀǾŜ ōŜŜƴ ƎŜƻǘŜŎƘƴƛŎŀƭƭȅ ƭƻƎƎŜŘ ǘƻ ŎƭŀǎǎƛŦȅ ǘƘŜ ǊƻŎƪ Ƴŀǎǎ ƛƴ ǘŜǊƳǎ ƻŦ .ƛŜƴƛŀǿǎƪƛΩǎ waw89 rating, 

.ŀǊǘƻƴΩǎ v ǊŀǘƛƴƎ ŀƴŘ ǘƘŜ DŜƻƭƻƎƛŎŀƭ {ǘǊŜƴƎǘƘ LƴŘŜȄ όD{LύΦ Lƴ ŀŘŘƛǘƛƻƴΣ 9ƳƳŜǊǎƻƴ ǳƴŘŜǊǘƻƻƪ .ƻǊŜƘƻƭŜ 

Televiewing (BHTV) on drill holes KMSL5, KMSL6, KMSL7, KMSL8, KMSL11 and KMSL12. The logs were provided 

to Golder with an accompanying spreadsheet containing all structural picks. Furthermore, Emmerson undertook 

a series of geotechnical testing programmes on core samples with French laboratory ARMINES including: 

- Uniaxial Compressive Strength 

- Triaxial Compressive Strength 

- Tensile Strength 

- 9ƭŀǎǘƛŎ tǊƻǇŜǊǘƛŜǎ ƛƴŎƭǳŘƛƴƎ 9ƭŀǎǘƛŎ aƻŘǳƭǳǎ ŀƴŘ tƻƛǎǎƻƴΩǎ wŀǘƛƻ 
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- Creep Testing 

- Joint Shear Strength 

- Brittleness. 

Golder used all available geological and geotechnical data to run simulations of the geotechnical responses for 

the underground mine and to determine various mine design parameters satisfying specific Factor of Safety 

όάCh{έύ ŎǊƛǘŜǊƛŀ and benchmarked against a range of potash mines from around the world. From these 

parameters, a likely range of theoretical maximum extraction ratios for room and pillar mining are determined 

at various operating depths for the mine. 

The overall extraction ratios in Table 10 below were calculated based on panels with the following parameters 

and assumptions: 

Á Pillar stress is based on the tributary area method and an overburden unit weight of 0.0222 MN/m3; 

Á Room width is 6.0 m; 

Á A very conservative FoS of 2.50 has been used for pillars in low-extraction panels, analogous with deep 

German potash mines; 

Á ¦ƭǘƛƳŀǘŜ ǇƛƭƭŀǊ ǎǘǊŜƴƎǘƘ ƛǎ ŜǎǘƛƳŀǘŜŘ ōȅ ǘƘŜ ŜȄǇƻƴŜƴǘƛŀƭ ǘǊŜƴŘƭƛƴŜ ƳŀǘŎƘƛƴƎ ¦ƘƭŜƴōŜŎƪŜǊΩǎ ŎŀǊƴŀƭƭƛǘŜ ǘŜǎǘΦ !ƭƭ 

resulting W:H ratios range from 4.5 to 6.9. These W:H ratios are greater than those of the pillars used for 

the most common empirical pillar strength formulae and it would therefore be inappropriate to apply; 

Á The minimum panel pillar width for a square pillar is calculated for several depths and mining heights; 

Á Cross-cuts proposed to be excavated at angles of no more than 60° from the longitudinal direction of the 

panel; 

Á Panel extraction ratios are based on rhomboidal pillars with a minimum width matching the square pillar 

dimension to ensure a similarly confined core; 

Á ¢ƘŜ ǘǊǳŜ ƳƛƴƛƳǳƳ ǿƛŘǘƘ ƻŦ ǇƛƭƭŀǊǎ ƛǎ ǳǎŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ¦ƘƭŜƴōŜŎƪŜǊΩǎ ŎŀǊƴŀƭƭƛǘŜ ƎǊŀǇƘΣ i.e. ὡ

ὡ Φ ¦ƘƭŜƴōŜŎƪŜǊΩǎ ƎǊŀǇƘǎ ŀǊŜ ōŀǎŜŘ ƻƴ ƭŀōƻǊŀǘƻǊȅ ǘŜǎǘ ǎŀƳǇƭŜǎ ŀƴŘ ƛǘ ǿƻǳƭŘ ǘƘŜǊŜŦƻǊŜ ōŜ ƛƴŎƻǊǊŜŎǘ ǘƻ 

apply them to elongated pillars; 

Á The number of entries in the longitudinal direction of a panel is selected to keep the panel width between 

245 ς 270 m; 

Á The minimum barrier width should exceed a W:H ratio of 16:13. These barrier pillars will be useful for 

ventilation control and air blast risk mitigation; 

Á Panels shall not be longer than 2,000 m; 

Á The reserve is equally spread between the mining depths 600, 700, 800, 900 and 1,000 m; and 

Á The mining height is 1.5, 2.0, 2.5, 3.0 and 3.5 m in 10%, 20%, 40%, 20% and 10% of the reserve respectively. 

 
3 Hebblewhite, B.K. (1977) Underground potash mine design based on rock mechanics principles and measurements. 
Ph.D. Thesis University of Newcastle Upon Tyne. 
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Depth (m) Mining height 

(m) 

Minimum Pillar 

Width (m) 

W:H Ratio Panel Extraction 

Ratio 

Barrier pillar 

width (m) 

Overall 

Extraction Ratio 

600 

1.5 8.7 5.8 64% 24 

47% 

2.0 10.6 5.3 58% 32 

2.5 12.4 5.0 54% 40 

3.0 14.1 4.7 50% 48 

3.5 15.8 4.5 47% 56 

700 

1.5 9.2 6.1 62% 24 

45% 

2.0 11.3 5.7 56% 32 

2.5 13.3 5.3 52% 40 

3.0 15.2 5.1 48% 48 

3.5 17.0 4.9 45% 56 

800 

1.5 9.6 6.4 61% 24 

44% 

2.0 11.9 6.0 55% 32 

2.5 14.0 5.6 50% 40 

3.0 16.1 5.4 46% 48 

3.5 18.1 5.2 43% 56 

900 

1.5 10.0 6.7 60% 24 

43% 

2.0 12.4 6.2 54% 32 

2.5 14.7 5.9 49% 40 

3.0 16.9 5.6 45% 48 

3.5 19.1 5.5 42% 56 

1,000 

1.5 10.4 6.9 59% 24 

42% 

2.0 12.9 6.5 53% 32 

2.5 15.3 6.1 48% 40 

3.0 17.7 5.9 44% 48 

3.5 20.0 5.7 40% 56 

Table 10: Panel metrics for 6.0 m wide rooms 
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Rock Support  

From the geotechnical and geological database and modelling completed, Golder also built up the various ground 

support assumptions for the ongoing safe operation of the underground mine. Ground support densities range 

from no bolting or spot bolting in areas with favourable roof conditions to Class 4 bolting in areas of higher 

geotechnical stress or areas of potential for immediate failure following excavation. 

The majority of permanent mine openings, such as infrastructure galleries, have a minimum of Class 2 support 

density, which provides a significant margin of safety in these key operational areas. In addition, it is proposed 

these areas are monitored in real time and through the implementation of a Ground Control Management Plan 

(GCMP) and if geotechnical weakness is detected, then higher support densities of Class 3 and Class 4 may be 

applied. A summary of the various support classes can be seen in Figure 4 below. 

Figure 4: Ground support classes. 

Geohydrology 

One of the key benefits associated with the Khemisset Project is the lack of fresh water aquifer in the targeted 

potash basin. Water increases technical complexity and risk for underground mines and this is especially true for 

potash mines. There are several significant aquifers in the Sebou Basin, as shown in Figure 5 below, but none are 

mapped within the Project area. The closest aquifer is the Fes-Meknes system located to the north and northeast 
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of the Project and covering an area of 3,500 km2 comprising Jurassic age dolomites and limestones. The aquifer 

provides water for irrigation and potable supply for the cities of Meknes and Fez and other smaller centres. 

Importantly, of the 136 drill holes completed at Khemisset there was no evidence of any major aquifer unit in 

the Project area.  The Nappe de la region Khemisset is mapped in the project area but is not identified as a major 

aquifer. The nature of the mapped aquifer requires confirmation but is anticipated to be associated with 

Quaternary strata. 

Figure 5: Overview of Aquifers in Northern Morocco 

 

During the 2019 exploration drilling campaign, hydraulic tests were undertaken in KMSL11 and KMSL12 to 

provide preliminary indication of hydraulic conductivity of the Basalt Formation.  Falling head tests were 

conducted in open hole sections after raising the drill string.  The test displacements were analysed by Golder.  

Due to uncertainties in static levels and interval length, a range of hydraulic conductivity values are calculated: 

Á KMSL11 12th July 2019; 3 x 10-7 to 1 x 10-8 m/s 

Á KMSL12 1st August 2019; 1 x 10-8 to 5 x 10-9 m/s 

The mine will be developed in the Lower Salt Formation, which will not provide a source of groundwater inflow. 

Any groundwater inflow to the underground operation will be from the overlying Basalt Formation, where 

exposed. The current hydrogeological conceptualisation and assessment from recent and historical drilling logs 

considers the basalt unit at depth to be compartmentalised and isolated from surface recharge.  Consequently, 



17 
 

groundwater inflows would be controlled by the water that can be released from storage in the basalt (although 

rare) and would reduce as the sequence is drained. 

In conclusion, the hydrogeological conditions for the Project area have been assessed based on available 

information. No major aquifers were identified with groundwater inflows to the underground development 

anticipated to be limited.  Any inflows to the underground are likely to be from the overlying Basalt Formation, 

however, studies to date identified limited groundwater occurrence (4 out of 145 drill holes), principally on the 

basin margins. Groundwater inflow estimates to the underground development, based on the currently 

hydrogeological conceptualisation, are considered negligible and manageable with mobile pumping units.  

The formations that will be encountered during decline construction, with except of Quaternary and Miocene 

strata, are likely to be broadly dry with very limited quantities of groundwater, although follow-up work on the 

influence of faults and dissolution features is recommended. Limited groundwater inflow is anticipated to the 

portal excavation. Provision for pumping of water during portal excavation and decline development should be 

included as a risk mitigation measure. 

Mining 

For the Feasibility Study mine design, the following basic design assumptions have been made: 

¶ There is no overlying aquifer and no water occurs in the potash seam; 

¶ No flammable gas occurs in the potash seam; 

¶ Geotechnical design can be based upon general geotechnical parameters derived from existing potash 

operations; 

¶ The salt beam (Lower Salt Formation) between the potash horizon and overlying Basalt Unit is contiguous 

with the basalt and can be supported through appropriate room sizing with systematic roof bolting in 

main roadway developments only; 

¶ The potash horizon floor elevation is relatively planar and does not compromise the mine design in terms 

of access and mineral recoveries; 

¶ No major faulting occurs across the deposit area; 

¶ Panel room orientation is not affected by in-situ stress fields; 

¶ Selective mining of sylvite is not proposed; 

¶ Backfill is not proposed nor required in Morocco; 

¶ The production target is approximately 6.0 Mtpa ROM which will allow for a 19-year life of mine. 

The Company has elected to use contract mining for both production and development. This has been selected 

for a variety of reasons, but primarily to lower the execution and operational risk associated with a first-time 

mining operation. This removes some capital cost burden from Emmerson, but also results in increase operating 

cost associated with mining over the life of the mine. 

Mine Access 

A detailed trade off study was conducted on potential mine access options taking in account both method and 

location of the potential mine access. Both shaft (skip hoisting) and decline access (conveyor transport) are 

considered viable for the Khemisset deposit.  

The trade-off study concluded that, with respect to cost, timelines and execution risk access via dual decline with 

conveyor transport provides the optimum solution for Khemisset. This is principally due to the absence of an 
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overlying aquifer and with most of the development being in salt, which will allow for a high rate of development 

using a continuous miner (CM), thus reducing both cost and technical risk compared to shaft construction. Twin 

access declines will be driven and will act as the ventilation intake and return airways. The intake roadway will 

be used for equipment access and the return roadway will be used for the transport conveyor. 

The location of the decline, which can been seen in Figure 6 below, has been moved from the Scoping Study 

(refer RNS 20 April 2020) and provides a shorter decline length while still accessing the best part of the ore body 

in terms of grade and thickness, which enhances economics. 

Figure 6: Decline Plan View Location 

Decline Design 

The decline will be driven through three key lithologies: minor clay formation (~10m thick); primary massive salt 

horizon (~320m thick); and an overlying basalt unit (~60m thick). Figure 7 below shows a long section of the 

proposed mine access decline as it passes through the different strata and a plan view showing the co-ordinates 

of the twin decline and connecting cross cuts. 

Excavation of both declines will be undertaken concurrently with a proposed cross-sectional area of 

approximately 28m2, which will allow sufficient airflow to ventilate the underground mine when in full operation. 

The current proposed decline design comprises: 

¶ A portal constructed at the surface with the excavations supported with shotcrete, mesh and soil nailing 

as required. A buried steel or concrete liner will protect the entrance to the portal; 

¶ Zone 1: through the soft soil/rock will be lined with shotcrete and mesh, with excavation carried out 

using conventional tunnelling techniques; 

¶ Zone 2: through the salt horizon, will be supported with patterned bolts;  

¶ Zone 3: through the basalt will be excavated using CMs and supported with patterned bolts and mesh. 

Minimal water inflows are expected within the basalt strata; and 

¶ Zone 4: will be driven laterally with the CMs and supported in a similar manner to Zone 2. 
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The declines will be driven at a gradient of around 1:7 with a length of approximately 3,200m and will reach the 

potash horizon at a depth of approximately 450m below surface.  

Figure 7: Decline Long Section with Lithology 

At surface, a portal will be established to provide a stable entry way to the mine through the near surface 

lithologies and minimise the volume of surface water and runoff entering the decline. The proposed portal 

structure is comprised of a series of precast concrete box sections placed in an open cut, excavated to the level 

where the upper salt strata is assumed to be self-standing (10m below surface), and then backfilled to restore 

the original ground surface level. Drainage channels and pumping will be used to catch and remove any water 

running down the floor of the decline. Mechanical excavation can begin as soon as the upper salt horizon is 

reached. The portal box section structure will terminate when there is sufficient excavation roof cover in the 

upper salt to create the tunnel opening; with the information available, this is expected at a depth of 

approximately 16m below surface. A decline cross section is shown in Figure 8 below. 

Figure 8: Decline Section 

A barrier pillar separates the two parallel declines by a distance of 24m. This is separation distance is equivalent 

to three tunnel spans, chosen to minimise the length of connecting cross cuts whilst maintaining sufficient 

separation to isolate one tunnel from the other in the case of an emergency. 
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Cross cuts are spaced every 200m along the decline, a distance selected to provide an efficient tramming distance 

for shuttle cars between continuous miners and the load-out conveyor during construction.  This also allows the 

machines to operate with a 200m power cable attached as a typical machine tether length.  

A different support class has been designated for use when tunnelling through each major stratum, the details 

of which are shown in Table 1 below. They have been selected to maintain stability in those strata for the life of 

mine, based on empirical methods, apparent rock quality and experience.  

Upper Salt 8m x 3.5m for both 

main roadway and 

cross cuts 

2.4m fully encapsulated 22mm AT/KT bolts at 1.5m 

spacing with 100% mesh roof 

Basalt 8m x 3.5m for both 

main roadway and 

cross cuts 

2.4m fully encapsulated 22mm AT/KT bolts at 1.2m 

spacing with 100% mesh roof 

Ain Horma 

Fault 

8m x 3.5m for both 

main roadway and 

cross cuts 

Basalt zone support plus the addition of w steel straps 

installed perpendicular to tunnel direction at 2.4m 

intervals.  W steel straps secured by 4m long fully 

encapsulated 23mm FRS bolts. 

Table 11: Decline Support Classes 

Mine Ventilation 

The basis for the ventilation system design and thus estimation of the required airflow, considers the following 

factors: 

Á The number of personnel in mine and, in particular, the numbers working under auxiliary ventilation 

systems; 

Á The number of production machines and their operating parameters; 

Á The number and installed capacity of vehicles with combustion engines; 

Á The host rock temperature; 

Á The gas content of the mineral horizon and types of gas present; 

Á Dust control requirements; 

Á Local and best practice health, safety and environment (HSE) and mine legislation aspects; 

Á Local ambient temperatures that range from 5°C to over 40°C, with an annual average of 20°C; 

The following air ratios are typical in the potash mining industry for fresh air calculations: 

Á Air flow requirement: 

Á Diesel engines 0.06 m3/s per utilised diesel kW 

Á Employee 2.0 m3/min 

Á Air velocity in extraction areas and drifts: 
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Á Minimum air velocity of 0.25 m/s 

Á Maximum air velocity in mains roadways of 6.0 m/s 

Á Geothermal Gradient 

Á This has been estimated using the surface mean annual temperature, which is shown in Figure 9, plus 

1°C per 40m depth. 

Á For Khemisset, this equates to 17.6°C plus depth, equalling 37.6°C at -800m depth. At the maximum 

depth planned of 1,000m, virgin rock temperature is estimated at 42.6°C. 

Figure 9: Khemisset Average Annual Temperatures 

(Data source: https://en.climate-data.org) 

Á Air cooling has been included in the Study costs. 

Á Water cooling is also required to supply coolant water to the continuous miners, @ 40 l/min at <15ºC 

per miner. 

An estimate of the ventilating air requirements is 170 m3/s for a 6.0 Mtpa operation. This volume meets the 

requirement of the installed (utilised) diesel fleet and panel air requirements of 10 m3/s. 

Mining Methods 

There are three principal mining methods available for extraction of underground potash ore: 

1. Solution Mining 

Solution mining employs the injection of a brine solution into underground potash bearing seams. The brine 

solution selectively dissolves the potash-bearing minerals from the seam and the pregnant brine is then 

recovered to the surface for processing. The method is suited to thicker orebodies and requires continuous 

contact between potash minerals for them to go into solution. 

 

2. Conventional Room and Pillar Mining 

https://en.climate-data.org/africa/morocco/khemisset-%D8%A7%D9%84%D8%AE%D9%85%D9%8A%D8%B3%D8%A7%D8%AA/khemisset-%D8%A7%D9%84%D8%AE%D9%85%D9%8A%D8%B3%D8%A7%D8%AA-1106/

