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GENERAL MINE PLANNING

1. INTRODUCTION

Vince Lombardi once said, ''Practice doesn't make perfect, perfect practice makes perfect.'' When it comes to building a mine that will operate at the optimum level for the set of geologic conditions from which it was developed, Lombardi's remark might be paraphrased to describe the problem: planning won't guarantee the best possible mine operation unless it is the best possible mine planning. Any sacrifice in the best possible mine planning introduces the risk that the end results may not reach the optimum mine operation desired. This chapter addresses many of the factors to be considered in the initial phase of mine planning. These factors have the determining influence on the mining method, the size of the operation, the size of the mine openings, the mine productivity, the mine cost, and, eventually, the economic parameters used to determine whether the mineral reserve even should be developed.

A little-known fact, even within the metal-mining community, is that room-and-pillar mining accounts for most of the underground mining in the United States. According to a 1973 study on noncoal mining (Dravo Corp., 1974), more than 76% of the producing mines [of more than 1089 t/d (1200 stpd) capacity] produced approximately 70,000,000 t (77,000,000 st), or 60%, of the nation's underground tonnage of material by room-and-pillar mining. That same year, 96.8% of the nation's underground coal mines produced 262,950,000 t (289,911,000 st) of coal extracted from room-and-pillar mines (National Coal Association, 1976). Thus, nearly 333,000,000 t (367,000,000 st) of U.S. raw material is produced from mines using some form of the room-and-pillar mining system.

Because approximately 90% of all mining in the United States is done by some variation of room-and-pillar mining, it is appropriate to give special emphasis to the effects of the various elements of mine planning on room-and-pillar mining. The relationship of these elements to other mining methods will become apparent as the elements are described in later sections in this chapter.

2. TECHNICAL INFORMATION NEEDED FOR PRELIMINARY MINE PLANNING

Assuming that the reserve to be mined has been delineated with diamond-drill holes, the items listed in the following paragraphs need to be established with respect to mine planning for the mineralized material. Although it would be nice to have all of the following information before beginning every project or mine design and development, much of this information remains very speculative at the start of a project. One can work with only the information available. Only the items preceded by an asterisk (*) are considered critical information needed prior to the initial development. There is a limit as to how much it is prudent to spend and how much time should be taken to determine the information while still at the stage of surface exploration drilling but having already established that the mineralization definitely is minable.
General knowledge of similar rock types or structures in existing mining districts always is helpful. In developing the first mine in a new district there is far more risk of making costly errors than in the other mines that may follow.

2.1 Geologic and Mineralogic Information
The geologic and mineralogic information needed includes the following:

1. The size (length, width, and thickness) of the areas to be mined within the overall area to be considered, including multiple areas, zones, or seams,

2. The dip or plunge (plunge1.gif) of each mineralized zone, area, or seam, nothing the maximum depth to be mined,

3. The continuity or discontinuity within each of the mineralized zones.

4. Any swelling or narrowing of each mineralized zone.

5. The sharpness between the grades of mineralized zones within the material considered economically minable.

6. The sharpness between the ore and waste cutoff, including (a) whether this cutoff can be determined by observation or must be determined by assay or some special tool; (b) whether this cutoff also serves, as a natural parting resulting in little or no dilution, or whether the break between ore and waste must be induced entirely by the mining method; and (c) whether the mineralized zone beyond (above or below) the existing cutoff represents submarginal economic value that may become economical at a later time.

7 .*The distribution of various valuable minerals making up each of the minable areas.

8. The distribution of the various deleterious minerals that may be harmful in processing the valuable mineral.

9, Whether the identified valuable minerals are interlocked with other fine-grained mineral or waste material.

10. The presence of alteration zones in both the mineralized and the waste zones.

2.2 Structural lnformation (Physical and Chemical)

The needed structural information includes the following:

1. *The depth of cover.

2. A detailed description of the cover including: the type of cover; * the structural features in relation to the mineralized zone; * the structural features in relation to the proposed mine development; and *the presence of and information about water, gas, or oil that may be encountered.

3. The structure of the host rock (back, floor, hanging wall, footwall, etc.), including: * the type of rock; *the approximate strength or range of strengths; *any noted weakening structures; *any noted zones of inherent high stress; noted zones of alteration; the porosity and permeability; *the presence of any swelling-clay or shale interbedding; the rock quality designation (RQD) throughout the various zones in and around all of the mineralized area to be mined out; the temperature of the zones proposed for mining; and the acid generating nature of the host rock.

4. The structure of the mineralized material, including all of the factors in item 3 plus: *the tendency of the mineral to change character after being broken (e.g., oxidizing, degenerating to all fines, recompacting into a solid mass, becoming fluid, etc.); *the siliceous content of the ore; the fibrous content of the ore; and the acid-generating nature of the ore.

2.3 Economic Information

The needed economic information includes:

1. *The tons of the mineral reserve at various grades in all of the mining zones, areas, or seams. This is listed according to proven, probable, and inferred ores.

2. *The details on the land ownership and/or leaseholdings, including royalties to be paid or collected.

3. *The availability of water and its ownership on or near the property.

4. *The details of the surface ownership and surface structures that might be affected by subsidence of the surface.

5. *The location of the mining area in relation to: *any existing roads, railroads, or navigable rivers; *power; the community infrastructure; and *available commercial supplies.

6. The local, regional, and national political situations that have been observed with regard to the deposit.

3. PLANNING RELATED TO MINING SIZE

3.1 Sizing the Production of a Mine

There is a considerable amount of available literature on the selection of a production rate to yield the greatest value to the owners. Basic to all modern mine evaluations and design concepts is the desire to optimize the net present value or to operate the property in such a way that the maximum internal rate of return is generated from the discounted cash flows. Anyone involved in the planning of a new operation must be thoroughly familiar with these concepts. Equally important is the fact that any entrepreneur planning a mining operation solely from the financial aspects of optimization and not familiar with today's problems of maintaining high Ievels of concentrated production at a Iow operating cost per ton over a prolonged period is likely to experience unexpected disappointments in some years with Iow (or no) returns.

Other aspects of the problem of optimizing mine production relate to the potential effect of net present value. Viewed from the purely financial side, producing the product from the mineral deposit at the maximum rate yields the greatest return. This is due to the fixed cost involved in mining, as well as the present-value concepts of any investment. Still, there are ''... practical Iimitations to the maximum intensity of production, arising out of many other considerations to which weight must be given''. There can be many factors Iimiting mine size, some of which are Iisted here. 

1. Market conditions and the price of the product.

2. The grade of the mineral and the corresponding reserve tonnage.

3. The effect of the time required before the property can start producing.

4. The attitude and policies of the Iocal and national government and the degree of stability of existing policies, taxes, and Iaws that affect mining.

5. The availability of a source of energy and its cost.

6. The availability of usable water and a method of bringing in supplies and taking out production.

7. The physical properties of the rock and minerals to be developed and mined.

8. The amount of development required to achieve the desired production related to the shape of the mineral reserve.

9. The size and availability of the work force that must be obtained, trained, and maintained.

3.2 Market Condition and Price

Normally, the individual working on mine design is not the person doing the market analysis. To digress very far from the subject of mine planning to the subject of market effects on the size of mine production is not justified in this section-the problems do not relate to any particular type of mining but rather to the product produced. However, there are a couple of points concerning the elastic nature of markets that do relate to mine design. One of the advantages of the room-and-pillar mining-method is that it is extremely flexible in operation, and the mine can react to market needs faster than with other mining systems.

Most room-and-pillar mines have multiple faces for each unit or section to work. Where there is considerable irregular Iateral extent to the orebody, this could involve as many as 15 to 20 faces, or as few as one or two very Iarge faces in each section. For short periods of time in each stope unit, it usually is possible to work only the best (or poorer) faces, depending upon the market. This usually has a drastic effect on the grade within a few days. Similarly, spare equipment can be put into reserve stopes to increase production if the remaining materials flow can take the added capacity. However, if these practices are carried on too long or too often, mine development also has to be accelerated. If maintained, old stopes can be reactivated quickly to mine lower-grade minerals that become minable because of economic cycles.

Even in room-and-pillar mining, changes in the rate of mining (momentum) cannot be assumed to be free. It often takes several months with an increased labor force to regain a production level that seemed easy to maintain before a cutback. If spare equipment is used, maintenance probably will convert to a ''breakdown'' overtime schedule compared to the previous preventive maintenance schedule on shift, at least until permanent additional equipment can be obtained. Nevertheless, the necessary changes can be made. 

Another item often overlooked by individuals not accustomed to planning noncoal room-and-pillar mining is the situation in which mineral values are gradational. There is the option of mining through the better areas of the mineral reserve and maintaining a grade of ore that satisfies the economic objectives at that time. At a later time, when the mining economics may have changed, the lower-grade areas left as remnant ore reserves can be mined while slabbing or removing high-grade pillars. Thus, even in the latter years of the mining operation, some of the "sweetener'' is Ieft to blend with the lower grade. Although not unique to room-and-pillar mining, this technique certainly is easier to accomplish in a room-and-pillar operation than in other more complex mining systems.

3.3 Grade and Reserve Tonnage Affecting Mine Size

No magical or statistical formulae can be applied to the parameters of grade (or value) of the mineral plus the tonnage available for mining to determine the ideal rate of mining, the proper mine life, or the best ultimate recovery of mineral values. For many reasons, such a determination is a complex problem.

First, the mine Iife and the rate at which the product is produced must yield the desired rate of return on the investment. So, the mineral reserve must satisfy at least these conditions. However, unless mining a totally homogeneous mass, it may make a considerable economic difference as to which portion is mined first and which is mined last. Furthermore, no ore reserve has an absolute fixed grade-to-tonnage relationship; trade-offs always must be considered. In most mineral deposits, lowering the mining grade (or quality) cutoff means there will be more tons available to mine. Even in bedded deposits such as coal, the ability or willingness to mine a lower seam height may mean that more tons eventually can be produced from the reserve. In such cases, the cost per unit of value of the product generally increases.
In considering the economic model of a new property, all of the variables of grade and tonnage, with the related mining costs, must be tried at various levels of mine production that, in the engineer's judgment, are reasonable for that particular mineral reserve. At this point in the analysis, the external restraints of production are ignored to develop an array of data that illustrate the return from various rates of production at various grades corresponding to particular tonnages of the reserve. At a later time, probability factors can be applied as the model is expanded to include other items.

3.4 Timing Affecting Mine Production

For any given ore reserve, the development required before production startup generally is related to the size of the production. For example, a very large production may require a larger shaft or multiple hoisting shafts, more and larger development drifts, simultaneously opening more minable reserves, and a greater lead time for planning and engineering all aspects of the mine and plant. In combination, all of these factors could amount to a considerable difference in the development time of a property. In turn, this would have two indirect economic effects:

1. The capital would be invested over a longer period of time before a positive cash flow is achieved.

2. The inflation rate-to-time relationship can pressure the costs upward by as much as 10% to 20% per year, thereby eliminating the benefits of the ''economy of scale'' of the large-size projects.

To aid the engineer in making rough approximations of the time parameters related to the size and depth of the mine shafts, Table 3.1 lists the average times for excavating, lining, and equipping vertical concrete circular shafts and slopes with a 0.26-rad (15°) slope for mines varying in size from 4535 to 18140 t/d (5000 to 20,000 stpd).
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The lateral development on each level of a room-and-pillar mine opens up new working places, and the mine-development rate can be accelerated each time a turnoff is passed, provided that there is enough equipment and hoisting capacity available. That is in contrast to mines that have a very limited number of development faces per level but more levels.

The timing of a cost often is more important than the amount of the cost. Timing is an item that must be studied in a sensitivity analysis of the financial model for the mine being planned. In this respect, any development that can be postponed until after a positive cash flow is achieved without increasing other mine costs certainly should be postponed. The flexibility of room-and-pillar mining often allows that to be done.

3.5 Government Attitudes, Policies, and Taxes Affecting Mine Size

Government attitudes, policies, and taxes generally affect all mineral extraction systems and should be considered as they relate to the mining method and the mine size.

Assume that a mine is being developed in a foreign country and that the political scene currently is stable but is impossible to predict beyond five to eight years. In such a case, it would be desirable to keep the maximum amount of development within the mineral zones, avoiding development in waste rock as much as possible. That would maximize the return in the short period of political stability. Such a practice usually is possible in a room-and-pillar mine, but it may result in a Iess efficient mine during Iater years. Also, it might be desirable to use a method that mines the better ore at an accelerated rate to get an early payback on the investment. if the investment remains secure at a Iater date, the Iower-grade margins of the reserve then might be exploited.

As a result of the flexibility of room-and-pillar mining, such a practice does not risk the recovery of the mineral remaining in the mine; block caving or Iongwall mining might risk such recovery. Similar situations might arise as a result of a country's tax or royalty policies, sometimes estabIished so as to favor mine development and provide good benefits during the early years of production; in Iatter years the policies change. That would have the same effect as the preceding case; again, the flexibility of the mining rate and system must be considered.

4. PLANNING RELATED TO PHYSICAL PROPERTIES

The physical nature of the extracted mass and the mass Ieft behind are very important in planning many of the characteristics of the operating mine. Four aspects of room-and-pillar mining are particularly sensitive to rock properties:

1. The competency of the rock mass determines the unsupported open dimensions unless specified by government regulations. It also determines whether additional support is needed.

2. When small openings are required, they have a great effect on the productivity, especially in harder materials for which drill-and-blast cycles must be used.

3. The hardness, toughness, and abrasiveness of the material determines the type and class of equipment that can extract the material efficiently.

4. If the mineral contains or has entrapped toxic or explosive gases, the mining operation will be controlled by special provisions in the government regulations.

4.1 Preplanning from Geologic Data

Using geologic and rock-property information obtained during preliminary investigations, isopach maps should be constructed to show the horizons to be mined and those that are to be left as the roof and floor. Such maps show variances in the seam or vein thickness and identify geologic structures such as channels, washouts (wants), and deltas. Where differential compaction is indicated, associated fractures in areas of transition should be examined. Areas where structural changes occur might be the most favored mineral traps, but they usually are areas of potentially weakened structures. Where possible, locating major haulage drifts or main entries in such areas should be avoided; if intersections are planned in these areas, they should be reinforced, as soon as they are opened, to an extent greater than that ordinarily necessary elsewhere in the opening.

Extra reinforcing (or decreasing the extraction ratio) also may be necessary in a metal mine where the ore becomes much higher in grade than is normal, therefore having less strength. Where the pillars already have been formed prior to discovering the structural weakness, it probably will be necessary to reinforce the pillars with fully grouted reinforcing bars or friction stabilizers. It is advisable to map all joint and fracture information obtained from diamond-drill holes and from mine development, attempting to correlate structural features with any roof falls that might occur. 

4.2 Room and Support Planning Related to Productivity

In relation to the stress imposed upon the material, the rock-mass strength of the material left behind in the mine has a definite relationship to the opening size and, therefore, to the mine productivity. This relationship is felt more in noncoal, nongassy room-and-pillar mines than in mines classified as gassy. The gassy mines are subject to regulations of the Coal Mine Health and Safety Act that designate the maximum span of the open room; other types of mines are permitted to use good engineering practices to establish optimum but safe room widths.

The more competent the rock mass, the larger the openings can be for any given thickness and depth of a mineral reserve. Generally, a larger room allows greater maximum production per day from that face and greater productivity from the workforce. However, because other factors affect the overall mine productivity, this generalization is not reliable. Table 3.2 lists some productivity relationships, indicating a degree of correlation between the face area and the corresponding percentage of extraction and resulting productivity.
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TABLE3 2 Relationships between room size and productivity

Face Area, Extraction, - Production Rate, Productivity
Type of Mine m? (sq ft) o % t/d (stpd) t (st) per worker shift
_,Limesm 156 (1680) 71 2700-4500  (3000-5000) 94.4 (104.1)
Limestone S 178 (1920) ~ 75 — . 900-2700 (1000-3000) 66.7 (73.5)
Limestone 139 (1500) 66 2700-4500  (3000-5000) 533 (58.8)
Limestone 47 (510) 55 2700-4500 (3000-5000) 30.5. (33.6)
Metal ore 49 (528) 80 4500-6400  {5000-7000) 55.2 (60.9)
Metal ore 45 (480) 78 4500-6400  (5000-7000) 29.5 (32.5)

Metal ore 47 (504) 84 2700-4500  (3000-5000) 213 (23.5)
Metal ore 31 (339) 85 10,000+ {12,000+) 14.4 (15.9)
e e et e e —————




All of the mines listed in Table 3.2, except the last one, were breaking and loading rock of a similar nature. There are reasons why the limestone mines can open rooms that usually are much larger than the metal mines, but that is of little importance here. The important indication is that the mine engineer should seek to open rooms as large as possible to achieve maximum productivity without causing problems with grade control, safety, or rock stability.

4.3 Hardness, Toughness, and Abrasiveness of Extracted Material

The hardness, toughness, and abrasiveness of the material determine whether the material is extracted by some form of cutting action (raking, plowing, or scraping), by drilling and blasting, or by a combination of both methods. 

Technological advances in hard-metal cutting surfaces, steel strengths, and available thrust forces allow increasingly harder materials to be extracted by continuous mining machines. The economics of continuous cutting or fracturing as compared to drilling and blasting gradually are being changed for some of the semihard or tough materials. However, for continuous mining to be competitive with modern high-speed drills and relatively inexpensive explosives, it appears that the rock strengths must be less than 68,900 to 103,400 kPa (10,000 to 15,000 psi).

At times, reasons other than simple economics favor the use of one mining system over another. A tunneling machine may be advantageous in protecting the remaining rock where blasting might be prohibited. Drilling and blasting may be necessary to avoid pulverizing a shale parting between two coal seams. A continuous boring tool may be desirable for totally extracting an orebody without personnel having to enter the stoping area.

4.4 Material Containing Gas

Whether the mine is classified as gassy drastically affects the relationship of noncoal hard-rock mine design, efficiency, productivity, and overall profitability. A gassy mine is more regulated by the Federal Mine Health and Safety Act. It would be difficult, if not totally uneconomical, to operate any hard-rock mine (regardless of the material being mined) that must drive multiple entries where only single entries are needed and that has to follow all other current specia interpretations of a mine with a gassy classification as they apply to coal.

4.5 Rock Strata Conditions-Effects of Unknown Factors

Any unexpected and abnormal condition creating a stability problem in a stope or pillar or causing excessive inflow of water or gas undoubtedly causes the mine to produce less than its design capacity, at least temporarily. Although these problems may be solved, encountering them unexpectedly may delay reaching full capacity until the problems are corrected. If the ground is much worse than expected, the back and pillars may have to be reinforced more than planned, requiring time and resulting in a temporary loss of production. The size of the rooms may have to be reduced, again decreasing the productivity of that unit. Maintaining planned production may require the addition of more units and an acceleration of the development effort.

Because the development headings of room-and-pillar mines usually are well advanced beyond the operating faces, it is the development drifts or entries that normally receive most of the water or gas inflows. Sufficient pumps must be provided to handle the water, or sufficient ventilation must be provided to dilute or remove the gas. If the mine has reached the limit or capacity of either pumping or ventilation systems, the development advance then must be slowed to accommodate the problem.

To avoid problems of this type, it is important to obtain as much information as possible before attempting to develop a mine in an unfamiliar area.

5. PLANNING THE ROOM-AND-PILLAR MINE

When describing room-and-pillar mining, there is some confusion as to the meaning of "production development.'' That confusion results from different interpretations in hard-rock mines and mines for softer materials such as coal, trona, salt, and potash.

A development in a hard-rock mine is any initial opening driven to provide an access way anywhere in the mine. It may not necessarily be in the ore. Such access ways usually are driven as single openings and provide space for roads, ventilation, power, air and water lines, drainage, storage areas, shops, dump stations, offices, etc. They also expose the ore so that production mining can begin by opening rooms around pillars beginning at the point of exposure. As used in these mines, the term "development'' has nothing to do with whether the opening also is starting the rooms and pillars. It does not provide any indication of whether the pillars will be recovered while advancing or retreating, and it does not indicate whether the mine is advancing a production face in virgin ground that may or may not have other slices taken either above or below it. The term implies only that there is an opening for some mine service or where production might begin.

In contrast, basic coal-mining techniques use the term ''development'' to refer to that phase of the mining cycle during which multiple entries are advanced through a virgin seam, forming pillars by breaking crosscuts or breakthroughs between the entries. When the development has reached the extent of the advance, the coal-extraction process removes all or part of the pillar on the retreat. The only area of obvious similarity between the two meanings is where the development opens more minable mineral.

Some confusion also exists between the two mining applications when describing the initial entrances into the room-and-pillar mine. With coal-mining techniques, ''drift entries'' are driven nearly level into the side of a hill, and ''slopes'' are driven downgrade at an angle too low for the material to move by gravity. In hard-rock mines, the initial entrance driven nearly level into the side of a hill is known as an ''adit''; if driven downgrade, it is known as a ''decline'' or ''ramp.'' If an opening is driven upgrade at an angle too low for the rock to move by gravity, it is known as an ''incline'' or ''ramp.'' In any mine, an opening driven upward at an angle steep enough for the rock to move by gravity is known as a ''raise.'' A vertical opening sunk into the mine from the surface is known as a ''shaft.''

In metal mines, underground openings parallel to the general trend of the main structure are known as ''drifts,'' but when driven at a right angle or a high angle to these structures or drifts, the openings are known as ''crosscuts.'' In coal mines, the breakthroughs between entries forming the pillars sometimes are known as ''crosscuts.'' 

The two sets of terminology developed as a result of little past association between proponents of the two broad categories of room-and-pillar mining. However, this has changed, and many companies now operate both types of mines, and many of the equipment manufacturers now sell and service both groups. Furthermore, the same government research and enforcement agencies work with both types of mines.

The use of the same government agencies for both types of mines is one clue to the underlying problem of trying to administer a common interpretation of laws that have been developed by people understanding only one mining system and not really understanding the differences or the purpose for which the mine opening might be driven in the other system. For example, a single development in a limestone or metal mine may serve any of a number of purposes, none of which is the same as or has any resemblance to the same conditions that require service in a coal mine. Still, some people attempt to apply the same rationale to these extreme conditions, forcing an unjustified hardship onto all of those involved.

It is extremely difficult to describe each and every type of mine development because of the terminology confusion and because openings can be driven in any direction, in all sizes, and by many different methods. Table 3.3 is provided in an attempt to show that there are three basic reasons for which all developments are driven. For each development, decisions must be made pertaining to each of the five physical variables. In the final analysis, each development must serve the purpose for which it was intended and usually named.

[image: image3.png]TABLE 3.3 Various types of mine developments classiﬁed according to their purpose

Obtain Information
Examples of Functions

Quality of mineral

Quantity of mineral

Continuity of mineral

Physical and structural properties of
mineral or rock surrounding it

Stress condition of mineral or rock
surrounding it

Mineralogical-metaliurgical nature of
mineral

Physical Development Variables

inclination

Size -

Depth or distance
Arrangement when completed
Method of development

Examples of Development Names

Exploration adit

Prospect decline

Exploration shaft

Prospect drift entry
Experimental entry intersection
Exploration winze

" Production Access Way

Expose areas of minabie material
Open access ways for production

Movement:
Horizontally on strike
Horizontally against strike
Vertically up
Vertically down

Inclination

Size

Depth or distance
Arrangement when completed
Method of development

Main haulage drift
Ore shaft’

Belt siope

Orepass

Production roadway
“Main” belt-line entry
Skip-loading station

Service Access Way

Normal movement of people
Emergency movement of people
Normal movement of supplies
Movement of air intake

Movement of air discharge

Water drainage or discharge

Water storage and pumps

" Cleanout for other openings

Rooms for supplies. repairs, and offices

Inclination

Size

Depth or distance
Arrangement when completed
Method of development

Person and material decline
Ventilation shaft

Main sump

Shaft cleanout raise
Ventilation “submain”

Main pump station

Supply house and shop




5.1 Development Driven for Mine-Planning Information

During the very early stages of evaluation and planning, a great deal of information is needed to make the correct decisions concerning the property. Therefore, the initial opening might be driven to test a particular aspect of the mineral reserve that is considered critical for successful exploitation.

Most of the technical information listed in the preceding paragraphs can be obtained from surface diamond-drill holes, particularly where the mineralized zone is fairly shallow, has continuity, and is flat. Unfortunately, it is common that the true economic potential of many mineral reserves cannot be determined until after an exploration development is driven. From the development opening, underground prospecting can further delineate the materials present, a bulk sample can be taken for metallurgical testing, and/or the true mining conditions can be revealed. This procedure involves considerable financial exposure, and, unfortunately, the delineated reserve may turn out not to be economically suitable. Nevertheless, there may be Iittle choice about driving a development opening if the potential of the reserve is to be proven and the risk to Iarger downstream capital expenditures is to be minimized.

In contrast to deep-shaft development for a test mine, it often may be possible and more economical to drive the development opening as an adit or slope.

Regardless of the reason for driving a preliminary development, three basic principles should be observed:

1. The development should be planned to obtain as much of the critical information as possible without driving the opening in a Iocation that will interfere with Iater production development. In room-and-pillar mining, it usually is possible to Iocate at Ieast a portion of the exploration development where it can be utilized in the developed mine, although it Iatter may be necessary to enlarge the openings to accommodate the production equipment.

2. The preliminary development should be held to the minimum needed to obtain the necessary information, and the development should be completed as quickly as possible. Most exploration drifts for metal mines are only large enough to accommodate small loading and hauling units [from 2.4 x 3.0 m to 3.0 x 4.3 m (8 x 10 ft to 10 x 14 ft) ] .If geologic information is needed, it often is possible to Iocate the developments in close proximity to several of the questionable structures, without actually drifting to each one. With modern high-speed diamond drills having a range of 213 to 305 m (700 to 1000 ft), these structures usually can be cored, assayed, and mapped at minimum cost.

3. Once the preliminary development has been done to satisfy a specific need, the development should be used to maximize all other physical and structural information to a maximum extent that will not delay the project.

There are no rules governing the size of the shaft or entry for exploration development. The size depends upon many factors, including the probability of mine development to the production stage. If the probability favors follow-up with full mine development immediately after exploration development, and if the shaft depth is not excessive [e.g., 244 to 366 m (800 to 1200 ft], it would be logical to sink a shaft sized for Iatter use in production development. This is particularly true of operations normally using small shafts for production.

In contrast, some companies choose smaller drilled shafts to speed shaft sinking and minimize early expenses. Such shafts usually are completed considerably faster than conventional shafts but not as fast as raise boring (where an opening already exists, the hole is reamed upward, and the cuttings fall back into the mine). Because this section is directed toward initial mine openings, cuttings removal must be upward through the hole and out the collar; various methods use air or mud with either direct or reverse circulation. Of the 83 shafts surveyed, amounting to 16,587 linear m (54,420 Iinear ft) of boring, 58% were blind drilled. Although bored shafts stand very well without support, 58% of the surveyed shafts contained either a steel or a concrete Iining.

Recently, shotcreating bored shafts has become acceptable and probably results in substantial cost savings.

Of the 83 shafts, 73% were drilled 1.8-m (6-ft) diam or smaller. Of all the blind-drilled shafts, 55% were bored 305 m (1000 ft or less), and 39% were over 305 m (1000 ft) but Iess than 550 m (1800 ft) .Only one shaft was over 610 m (2000 ft) .In the survey of conventional shafts developed between 1963 and 1973, 41 of the mines were room-and-pillar mines, and 88% of these were less than 550 m (1800 ft) deep. These data suggest that many of the mines were within reach of blind-bored shafts if other conditions such as rock hardness and abrasiveness were amenable and a small diameter shaft could have been utilized for development.

5.2 Developing the Production Access Way and System

The basic considerations in planning and developing the production access way and system are related directly to the design parameters of the development openings. These are the function in the production flow, the inclination of the opening, the size of the opening, and the arrangement and support of the opening.

The Production/Development Function. Each element of the production flow process must be considered, and each must be planned to be compatible with the elements of flow on both sides of it. In a room-and-pillar mine, a typical sequence of these elements in the development openings for material flow from the production face might be a preliminary load-haul-dump drift, an orepass, the main haulage drift, the main ore pocket, an orepass to the crusher-skip loading station, and a shaft for hoisting to the surface.

Although other configurations and production flow sequences are used, the preceding sequence is typical of noncoal room-and-pillar mining in the United States.

In the following paragraphs detailing inclination, size, and arrangement, the production developments from the surface are considered first, followed by descriptions of the internal room-and-pillar mine developments.

Inclination of Developments from the Surface. As described earlier, the inclination determines the name of the development. The inclination is determined by a combination of the relative elevations of the surface and the mineralized zone, and the economics of driving the development and operating the production system through the development.

Drift Entry (Adit). An adit, or drift entry, is the most economical approach when the minable material is above the floor elevation of a nearby valley. Literally thousands of Appalachian room-and-pillar coal mines have been opened this way to mine coal seams exposed on the hillsides; these are known as ''punch mines.'' When coal was mined in the west to power steam locomotives, this same type of mine was known as a ''wagon mine." Most of the early western mines used this type of development, as did most of the limestone and dolomite mines throughout the Missouri-Mississippi river basin. The exposed ore could be opened through horizontal adits into the sides of the mountain bluffs. When the minable material goes to a depth lower than the surrounding terrain, either a slope (decline) or a shaft must be developed.

Slopes (Declines) vs. Shafts. There is no general rule governing whether a shaft or a slope is the proper type of entry to be developed; each has advantages and disadvantages. Slopes usually are limited to relatively shallow mines because, for a given vertical depth, they require approximately four times the linear distance required for a shaft. Thus, to reach a depth of only 460 m (1500 ft) a normal slope would be approximately 1840 m (6000 ft) long. Although the cost per unit distance for a decline may be somewhat lower for a slope than for a vertical shaft, the overall cost usually is higher an the development time usually is longer as a result of the greater length required. Figure 3.2 compares costs per vertical unit of distance with total depth, and Table 3.1 compares development times.
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Most new shafts being sunk today are concrete lined, offering excellent ground stability. Most slopes have a rectangular shape, with the widest span for the floor and roof. In incompetent ground, slopes can be very difficult to develop and very difficult to maintain over the life of the property. In ground that must be frozen prior to excavation, a slope requires freezing a much larger volume of material than does a shaft, and it undoubtedly would cost more for a slope than for a shaft. However, slopes do offer some advantages: 

1. Where conveyor-belt haulage brings the material to a central point, it is logical to continue haulage to the surface by means of a belt conveyor up a slope. Where slopes and conveyor systems are used to move the material to the surface, the mine generally is geared for a consistent high rate of production. 

2. Slopes provide easier access for mobile equipment entering or leaving the mine; in many cases, the equipment can be transported or driven into the mine intact. With a conventional shaft, large trackless equipment may have to be disassembled completely and then reassembled underground; that is particularly difficult when the unit is a large truck, and the bed must be split and rewelded. A similar advantage is found when using rail haulage in a slope for transportation of supplies-the material can remain in its original container for transport from the surface. 

3. Where minor ground movements are a problem, a production slope offers considerably less difficulty in maintenance than does a vertical production shaft.

Despite the advantages of slopes, the disadvantages of cost and development time appear to have the greater influence on noncoal mines. Although most noncoal mines using room-and pillar mining are reasonably shallow, vertical shafts continue to be used for their development. In a l0-year period around 1970, only four noncoal mines had been developed by declines, and three of those were room-and-pillar mines (Dravo Corp., 1974). The depths varied from 105 to 590 m (345 to 1940 ft) with grades varying from 0. 17 to 0.35 rad (10° to 200) and averaging 0.26 rad (14.7°). For that time period, this represents only 9% of the total linear footage of noncoal mine development from the surface.

Four exceptions did not fit into the survey mentioned above: the White Pine copper mine of Copper Range Co., the Maysville mine of Dravo Corp., the Lost Creek mine of New Jersey Zinc Co.., and the Gordonsville mine of New Jersey Zinc Co. Of these, the first three use conveyor belts to transport the material from the operating areas to the surface. The economics of using declines become obvious only where conveyor belts are used throughout the operation or where the mine is very shallow and rubber-tired vehicles can be driven from the working area to the surface. Many small mines, close to the surface, also are opened up with declines; the mines found in the Illinois-Wisconsin zinc district are typical of this type of entry.

Size of the Opening. The size of the opening should be tailored to accommodate the specified purpose. For production shafts, the shaft cross section is influenced (but not dictated) by the skip capacity, and the skip capacity is determined by the variables of mineral density, hoist capacity, hoisting speed, skip loading time, skip dumping time, and allowable hoisting time. 

Arrangement of Facilities in the Production Opening. The production shaft or slope must accommodate the conveyances for production material and may, at times, also contain some of the services such as an emergency man cage and/or ladderway. Whether such services are located in the production opening is dependent upon the number of other openings from the mine to the surface. Usually, the service facilities are contained inside pipes that may be embedded in the concrete shaft lining.

Most new conventional shafts are lined with 0.3 to 0.6 m (1 to 2 ft) of concrete. However, there are cases in which only part of the shaft is lined. Timbering for support of shafts generally is limited to deepening older rectangular shafts or to small mine openings not using mechanized shaft sinking. Hoisting in a shaft is accomplished either with two containers (skips) that balance each other or with one large skip that is balanced by a counterweight.

Most slopes (declines) utilize roof bolting and/or shotcrete with a concrete portal. The three arrangements for production slopes are: (1) one open compartment, (2) two side-by-side compartments, or (3) two over/under compartments.

Drifts, Entries, and Crosscuts for Production. Although the following information primarily addresses noncoal room-and-pillar mines, many of the concepts apply to basic mine development planning for other types of mines. 

The configuration of a room-and-pillar mine generally follows the shape of the mineralized orebody to be mined. Therefore, the basic shape of the mine should start by determining the path of the main haulageways (entries), branching from these to reach the lateral extent of the reserve. Wherever possible, a few basic principles should be followed in planning the production developments.

The central gathering point for hoisting should be as near to the center of the minable mass as practical. That keeps the haulage, personnel, and material movement distances to a minimum. Although this may mean that a large shaft or slope pillar is left in the center of the mineral reserve of a flat-lying deposit, it does make the mining operation more efficient. At the end of the mining project, most of the pillars probably can be extracted.

Normally, room-and-pillar mines without ground-stability problems should be developed as symmetrically as possible to allow the maximum number of working areas to be opened with a minimum of development time. In trackless mines, it is advisable to cut the main haulage opening as much as 50% larger than the minimum size needed to operate the existing equipment. Large main haulageways improve productivity, ventilation, and road conditions. They also allow productivity to be maintained as the haulage distance to the shaft increases by permitting efficient operation of larger equipment.

Haulage roads and railroads should be kept as straight as possible, with steep grades other than conveyor slopes being kept as short as possible. The grade limits depend upon the type of haulage equipment being used. For main haulageways, railroad grades should be less than 3% and it is advisable to keep the grade less than 8% for rubber-tired diesel equipment. However, for very short distances where the equipment is allowed to gain mass momentum, 15% to 18% grades can be negotiated quite efficiently. If a 20% decline is to be driven for a conveyor system or service slope, rubber-tired diesel-powered loaders are the best equipment for loading and hauling the material from the development.

The radius of a curve that can be negotiated by trackless equipment is somewhat dependent upon the size of the equipment in relation to the size of the drift and the turning radius of the equipment. Normally, a radius of 15 m (50 ft) is handled easily by any trackless mining equipment; unless it is articulated, a road grader usually requires the greatest turning radius. For rail-mounted haulage, a radius of 24 m (80 ft) is adequate for stope development, but a limited-service main line requires a minimum radius of 38 m (125 ft). However, a radius of 60 to 150 m (200 to 500 ft) would be appropriate for main-line haulage, depending upon the speed of the train.

Preceding sections have outlined the need for operating flexibility in relation to the size, shape, and thickness of the mineral reserve. Other aspects of the mine also require flexibility in the plan. For example, it often is advantageous to incorporate a lower level of uniform grade below the main ore horizon to create a ventilation circuit, providing mine drainage that removes water from the operating headings and roadways to make ore movement more efficient.

It is important for the mine planner to remember that the main haulage drifts will be used for all of the ore produced in the mine. Therefore, these drifts should be planned carefully for optimum production. If the ore can be moved quickly to an efficient main transportation system, it will not matter nearly as much if the stope developments are small or crooked.

Raises and Ramps as Production Developments. The use of raises and ramps as production arteries also must be planned. If the ore is to be transferred vertically to the main transportation artery, two different approaches may be used: either the ore is dumped into an orepass where it moves by gravity and can be reloaded at a lower level, or the ore is kept in the same conveyance for transport down or up a decline or ramp to the desired location.

In modern rail or conveyor-haulage mines, material from the stopes usually is dropped through an orepass to reach a lower gathering point. To move ore up a grade that is too steep for self-propelled track or trackless haulage, the ore either can be hoisted up an incline in individual rail cars, or it can be conveyed up an incline for subsequent transfer into rail cars or onto another conveyor.

In modern mines using trackless haulage throughout, the practices are mixed-some operators use steep ramps, whereas others use orepasses and a reloading system. The advantages of not having to reload the material include no time lost for dumping and reloading, no extra mine development for an orepass, no extra cost for installing a reloading system, elimination of the high-risk chute operator's position for reloading, and maintenance of less equipment.

Factors favoring the use of an orepass include no time lost traveling an inefficient curving ramp, no time lost negotiating steep grades, less danger to vehicle operators because haulage is on moderate grades, lower maintenance and operating costs for haulage vehicles operating on moderate grades, and the availability of automatic or semiautomatic chutes for loading trucks or belts. High-productivity feeders can load large trucks within 1 or 2 min, or front-end loaders can reload themselves quickly; a chute operator would not be required.

The decision as to which method should be used must be based upon the tonnage eventually taken out of the area in relation to the criteria for efficient haulage. Today's trend is to maintain very high productivity; if the haulage ramp is at all steep, most room-and-pillar mine operators favor orepasses and reloading if the tonnage justifies the installation. If ramps are used, it has been found that ramps with 3.14-rad (180°) turns and long straight sections are more efficient than continuous spirals.

When planning raises for production, several critical factors must be considered: the size of material to pass through the raise and whether it will flow by gravity, the effects of passing ore on the size and stability of the opening, and the least-cost method of developing the raise in relation to its length. The same design problems become even more important in mining systems that rely heavily upon orepasses, chutes, or drawpoints.

Ore-Storage Pocket. Some surge capacity must be provided between the normal mine production gathered from various parts of the mine and the conveyance that transports the material to the surface. The need arises because the material usually has many production paths to reach the shaft, slope, or adit, but only one path out of the mine. Therefore, the single-path conveyance is vulnerable to downtime for maintenance and repair, but such downtime cannot be allowed to disturb the rest of the mining cycle. Similarly, the multi  path production can operate intermittently (two shifts per day), while the material can flow from the mine continuously.

There is no general agreement on the optimum size of an ore pocket; both the nature of the operations and the management priorities differ. However, the two major considerations are: (1) whether there is storage at the discharge end of the hoisting operation before the ore proceeds to the next step in the flow, and (2) the size of this storage and whether interruptions before the next step are critical.

Another reason for using ore-storage pockets before hoisting is to keep various products or waste materials segregated for separate hoisting. The products may be different minerals, or they-may be the same mineral but owned by different people. The ownership might insist that the material be kept separate until after crushing, weighing, and sampling so that royalties on the value can be paid correctly. Such practices are quite common in mines where government ownership of the mineral is involved.

5.3 Planning the Service Developments

Any mine opening is a service development if it is not developed specifically to gain information about the mineral reserve and mining conditions, to obtain a bulk sample, or to handle the production system. Service developments are subject to the same basic considerations as are the production , openings, i.e., their functions, inclinations, sizes, and arrangements. The name of the development is a combination of the function and the inclination as are the names of production developments. Thus, service developments include ventilation raises, personnel and materials service shafts, sump cleanout drifts, emergency escape shafts, etc. A service development may serve a combination of functions or change its function over the life of the property. Basically, the design rationale for service developments follows that of production developments, modified by special considerations associated with the service function.

Ventilation Openings. The current trend in ventilation raise and shaft development is for the opening to be bored or upreamed, rather than drilled or blasted. Such holes can be completed by an outside contractor or by the mine crew that may own or lease a boring machine.

Most of the bored shafts were either 1,5 o 1,8 m (5 to 6 ft) diam; these may be too small to meet today's requirements. The trend should be to enlarge the opening size to reduce ventilation power consumption and to move the needed amount of air at minimum cost. That is problem of optimization that has to be solved for each individual user. In horizontal developments or slopes, ventilation tubing or ducting is used in most metal mines, and brattice cloth or canvas is used in coal mines. 

Shop and Storehouse Developments. The efficiency of a modem mining system depends heavily upon the productivity and the availability of the equipment used to extract the material. Compared to other mining methods, little gravity movement of the ore is used in room-and-pillar mines. Therefore, most of the energy to move the material must be provided. Because the material may be very heavy and/or abrasive, and because the environment of an underground mine imposes adverse operating conditions, underground mining equipment requires a great deal of maintenance and repair. One of the most serious and most prevalent errors made in designing a mine is the failure to provide adequate space and equipment for necessary maintenance and repair work. The amount of service, if any, provided underground depends upon several factors:

1. The degree of difficulty in moving equipment into or out of the mine is a major consideration. If the property is a limestone mine with adit entrances and a good shop on the surface, it probably would not be advantageous to duplicate the facilities and personnel underground.

2. Underground shops should provide a safe and good working environment. In mines that are gassy or carry a gassy classification, building underground shop facilities may not be practical. However, there are the same advantages for gassy and nongassy mines; therefore, some room-and-pillar trona mines have very good, Iarge, and well-equipped underground shops even though the mines are classified as gassy.

3. If the active working area will be abandoned totally after a fairly short life moving to another such area nearby it would not pay to invest in an extensive underground shop area.

Most other room-and-pillar mines should develop good underground shop facilities. In the New Lead Belt of Missouri, where the mines are developed with shafts 152 to 396 m (500 to 1300 ft) deep, all of the mines rely upon large mining equipment and have well developed underground shop areas. The total area usually utilized as a shop area can range from 465 to 1394 m2 (5000 to 15,000 sq ft). The important criteria for shop design are to provide:

1. One or two Iarge bridge cranes over the motor pits.

2. Easy access from several different directions for access to and around the cranes when they are in service for extended periods of time.

3. A motor pit and service area for scheduled Iubrications performed as part of the preventive maintenance program.

4. A separate area for welding operations.

5. A separate area and equipment for tire mounting and repair.

6. A separate area for recharging batteries.

7 .Various work areas equipped with steel worktables or benches.

8. Close proximity to the main supply house.

9. An area for washing and steam cleaning the equipment.

10. An office for the shop foreman, records, manuals, catalogs, drawings, and a possible drafting table. The main pit areas should be visible from the office windows.

Sump Area and Pump Station: In mines below surface drainage, areas must be provided to store the water before it is pumped to the surface and discharged. There is no general rule of thumb to determine the capacity for water storage.

Adequate pumping capacity is the only permanent solution to removing water from a mine. However, fluctuations in the water inflow and/or the time periods when some or all of the pumps are inoperable must be handled with an adequate sump capacity. Sumps also are needed in wet trackless room-and-pillar mines; the rubber-tired vehicles traveling on the roadways create fine material that eventually collects in the water ditches if the roadways have drips or continuous streams of water on them. Although this situation should be corrected to keep water off the roadways, it invariably occurs or reoccurs. A place must be provided for the fines to settle out of the water so that they do not damage the clear-water high-head pump impellers. That sometimes can be done effectively in a small catch basin that is cleaned out frequently. However, if the water flows are substantial, the main sump receives the bulk of the fine material. As a result, provisions must be made to clean the sump with conventional or special equipment, driven the water into another sump while one sump is being cleaned, provide a place to put the fines (''soup'') removed from the sump, and devise a method of transporting the fines there.

One of the best methods of cleaning a sump is to use conventional front-end loaders to remove the material. However, a ramp must be provided down to the sump level floor. if deep-well impeller sections are suspended from a pump station down into the sump, considerable care must be taken to avoid bumping the impellers with the loader. Other systems using slurry pumps, scrapers, or diverting the material into skips have been tried, but there still is no good way to clean a sump.

Diverting the water flow into another sump while cleaning one sump also can be a problem unless at least twice the normally required pumping capacity is provided. Half of the pumps have to handle all of the inflowing water while one sump is being pumped down and cleaned. Mines that make large amounts of water also produce large amounts of fine material that fill the sumps much faster than anticipated. The sump of a new mine in the development stage cannot be cleaned too soon; if the mine is not producing much water at a particular stage of development, the sump still should be kept clean. The next shift may bring on more water than can be handled with half the pumps, and once that point is reached there will be no way to get to the muck in the bottom of the sump for cleaning.

Two methods often are used to divide the sumps for cleaning. One is to locate a concrete wall between the two areas and to provide a means of closing off one side and making the water flow to the other side. With this method, the wall should be anchored properly on the top and bottom with reinforcing steel into the rock. This provides a safety factor in preventing the wall from collapsing into the side being cleaned. The other system is to develop two physically separate sumps. Both sumps must be provided with pumps, a method of stopping the water inflow and diverting to the other sump, and a means of access for cleaning.

Some mines locate the pump station below the sump chambers, using horizontal centrifugal pumps instead of deep-well turbine pumps. These mines avoid the installation of a vacuum priming system because the overflow feeds the main pump. Although this system provides easier access to the sumps and makes cleaning easier, the risk of losing the pump station by flooding is increased.

Other Service Developments. A variety of other rooms or drifts also must be developed. A lunch area or room is nearly essential around an underground shop. Office space should be provided for the privacy of the underground supervisor and the security of records and equipment.

Ramps driven strictly for access are important. Normally, these can be driven steeper than haulage ramps because the equipment using them would not be loaded and time to negotiate them would not be as critical. However, the ramp must not be so steep as to prevent unloaded equipment from having good traction. Equipment manufacturers can advise the mine planner on this point. A small area at the bottom of the shaft may have to be provided for the equipment to clean the shaft bottom. In some cases, equipment such as an overshot loader will have to remain on the ramp, so there must be sufficient maneuvering room between the shaft bottom and a bucket that lifts the loaded spill rock out of the bottom of the shaft. Ideally, but seldom, there is a drift intersecting the bottom of the shaft and a ramp leading back up to the bottom level of the mine. In such cases, a steel deflection door can be pushed into place for shaft cleaning in the access drift while hoisting is in progress. Shaft cleanout also may be accomplished by remote-controlled loading equipmention the shaft wall or on the steel below the skip-loading facility but above

the shaft bottom.

6. PLANNING THE ORGANIZATION AND REQUIRED EQUIPMENT

The amount of equipment or personnel for the needs of all mines cannot be specified in general terms. However, personnel and equipment productivity ranges can serve as guidelines for planning. 

6.1 Work Force and Production Design 

It is necessary to consider several factors concerning the work force to operate the mine. Many questions needing investigation will be difficult to answer, but they have profound effects on the financial success of any mining project and eventually must be faced.

1. Is the supply of labor adequate to sustain the production level dictated by other economic factors? If not, can the needed labor be brought in, and at what cost?

2. What is the past history of labor relations in the area ? Are the workers accustomed to a five-day work schedule and, if so, how will they react to a staggered six- or seven-day schedule?

3. Are the local people trained in similar production operations, or must everyone be trained before production can achieve full capacity?

4. Can people with maintenance skills be attracted to the property, or will the maintenance crew have to be built up through an apprenticeship program?

Apprenticeship programs are very slow processes. Accordingly, some state laws restrict the number of people who can be trained each year in such programs. That one item could cause a mine designed and equipped for a very large daily production to fall far short of its goals.

It is important that the ''people problems'' be investigated at the same time that the property is being evaluated and designed. That provides adequate time for specialized training, minimizes unexpected costs, and prevents basing economic projections on policies that, if implemented, could destroy employee morale or community confidence. The productivity and profitability difference between an operation with good morale and good labor relations and an operation with poor morale and poor labor relations (with many work stoppages) can make the difference between profit or loss, expansion or curtailment, and go or stop. Of all the items involved in mine design, this one is the most neglected and can be the most disastrous.

One of the advantages of modern room-and-pillar mining systems is that every task can be mechanized to some degree, provided that it is economically sound to do so. That minimizes the operating labor force and makes manning the operation easier. The high-capacity equipment for modem room-and-pillar operations is reasonably simple to learn and to operate. Anyone having operated any heavy machinery in construction work, the military, or even on a farm has little trouble adapting to loading and hauling equipment in a room-and-pillar operation. if there is a nucleus to start from, there usually is help available from the equipment manufacturer in training maintenance people.

6.2 Equipping Room-and-Pillar Mines

Detailed information concerning mine equipment is contained in other sections of this handbook. The best way to increase productivity is to utilize equipment designed for that purpose, that is, to mechanize wherever a safe and reliable piece of equipments available to magnify the physical and mental efforts of an individual. 

Equipment Versatility. The equipment selected for room-and-pillar mining should be as versatile as possible. For example, in one mining operation, the same high-performance rotary percussion drilling machines were used for drilling the bluff or brow headings and were mounted on standard drill jumbos for drilling holes for burn-cut rounds and slabbing rounds in the breast headings. Because the drills on these jumbos penetrate extremely fast, they also were used to drill the holes for roof bolts and, in some cases, to  drill holes for reinforcing pillars. The same front-end Ioader was used to Ioad trucks in one stope and to perform as an LHD unit in another stope. By switching working platforms, the same forklift tractors served as explosive-charging vehicles and as utility service units for hanging air, water, and power lines. They also served as standard forklifts for handling mine supplies. That philosophy results in the following advantages: 

1. There is Iess equipment to purchase and maintain.

2. Less training is required for operators and maintenance personnel. At the same time, all personnel have a better chance of becoming more efficient their jobs.

3. Having fewer types of machinery means having less inventory to obtain and maintain.

Some of the possible disadvantages of this philosophy include:

1. A more efficient machine may be available to do the job being done by the versatile machine. Therefore, if a great amount of that type of work is to be done, it may be advisable to use the specialized machine.

2. The mine may become too dependent upon a single source of equipment supply.

Application Flexibility. The selected equipment should be flexible in application. That is, the equipment should be able to accelerate and move rapidly, have good balance and control at high speeds, be very maneuverable, and have plenty of reserve power for severe applications. Both trucks and loaders should have ample power to climb all grades in the mine and to accelerate quickly to top speed on long straight hauls. Table 3. 9 lists the minimum mobile equipment necessary to produce approximately 4535 t/d (5000 stpd)

from a trackless room-and-pillar metal-ore mine.

Table 3.10 lists the minimum mobile equipment necessary to equip either a conventional or continuous coal-mining section. Where roofbolting is the ''bottleneck'' in the operation, as it usually is, the current trend is to use either two-boom roofbolters or two complete single-boom roofbolters. Where the seam height permits very high productivity from the loading machine or continuous miner, more than two shuttle cars may be required.
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7. PLANNING PERSONNEL AND SUPPLY HANDLING

During the early stages of mine planning, consideration should be given to the methods and problems involved in transporting personnel and materials into the mine and to the working face. Because every operating room of a room-and-pillar mine has an access roadway that can be negotiated by mobile equipment, personnel and material transportation is considerably easier in these mines than in other types of mines that are on steeply dipping veins.

The following conclusions concerning excessive personnel and material transportation time came from a report;

1. Typically, equipment transport speeds are not up to the level of performance currently achievable through existing technology.

2. Nonmechanized means of travel such as walking and climbing are significantly slower than mechanized transport. Over long distances, such travel results in lost mining time. Walking and climbing have been identified as major problem areas with respect to lost-time accidents in personnel movement. Underground environments typically make walking or climbing slow, tedious, and hazardous.

3. General mine conditions such as poor track and rough or crooked roadways adversely affect the operational efficiency of personnel transport systems.

4. In some cases, equipment design impedes efficient loading and unloading of personnel, thereby increasing the transportation time.

The same report lists the following recommendations as ways to improve personnel movement:

1. To optimize personnel transport, each mine should identify specific groups of personnel according to job functions, listing their ultimate destinations, intermediate transport requirements, etc.

2. The system component dependence should be handled by personnel scheduling techniques. The horizontal system should accept the personnel unit on a predetermined schedule.

3. An engineering study of all personal movement elements should be conducted to establish present and future requirements for a balanced transport system.

4. Crews should be transported to a point as close as possible to the actual work, and they should be picked up on a predetermined schedule at the same point for outbound transport.

5. Supervisory staff should use mechanized transport wherever possible.

6. Daily production reporting procedures should be utilized, rather than end-of-shift recording procedures.

An incentive or supervision system must be incorporated to assure that the time gained at the face is utilized productively. It cannot be assumed that putting a miner at his working place a given number of minutes early automatically will increase his daily output-the miner must be shown some personal benefit in actually utilizing those extra minutes.
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