
11 CONCLUSION 

It can be concluded that negative visual impacts would result from the construction , operational , 

decommissioning and closure phases of the proposed Moonlight Iron Ore Project. Although the proposed 

project site will be rehabilitated during closure of the Project, the WRD and the TSF will still be visible and 

will contribute to the negative visual impact even after closure. 

The proposed study area has a slightly rolling topography with extended woodlands, koppies and the 

Lephalale River to the south and east of the study area . The visual resource value of the area is rated as 

being high and the sense of place is that of a serene natural environment. 

Sensitive viewers within the study area include viewers traveling on the local roads, especially the road 

between Marnitz and Melinda, visitors staying at the Game Lodges and farmsteads . Although residents 

from the surrounding vi llages are also considered to be sensitive viewers these villages are located 

outside the 'zone of potential influence' and the Project is not visible from the villages. 

The visual intrusion of the proposed Project is high as there are no other similar activities located with the 

area. The visibility of the proposed Project is high for motorist travelling between Marnitz and Melinda 

and only moderate for viewers from the lodges I game farms and farmsteads. The main reason for this is 

the existing vegetation and the slightly rolling topography that screen most of the views from sensitive 

viewers. It is therefore recommended that as much of the vegetation as possible should be kept in order 

to screen the proposed Project from sensitive viewers . 

The severity of the proposed Project is considered to be high for motorist travelling on local roads in the 

vicinity of the Project and moderate for the lodges I game farms and the farmsteads . 

The significance of the visual impact is rated as being high. If the mitigation measures, as discussed in 

Section g, are implemented successfully the significance of the visual impact will remain high. The main 

reason for this is the fact that the TSF will remain on site and will still be visible above the tree line. It will 

still be intrusive to the study area and will contribute to the negative visual impact after closure . 

The proposed Project will have a significant impact after sunset. The study area is currently exposed to 

the impact of lights from the farmsteads, game lodges and the small villages. The lights from the mining 

activities will light up the area after sunset and will be more visible over a longer distance; it will therefore 

have a visual impact beyond the 'zone of potential influence'. 

***NLA*** 
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Figure 2: VISUAL RESOURCE - Moonlight Iron Ore Mine 



View 1: From local road. view towards the proposed plant (left) and waste rock dump (right) 

View 2: From local road (intersection). view towards the proposed plant (left) and waste rock dump (right) 

View 3: From local road (intersection). view towards the proposed plant (left) and waste rock dump (right) 

Refer to Figure 1 for the location of the viewpoints 

Figure 3: LANDSCAPE CHARACTER - Moonlight Iron Ore Mine 



View 4a: From Van Leeuwen Village, view towards the proposed project site 

View 5: From local road, view towards the proposed tailings facility (left), plant (middle) and waste rock dump 

Refer to Figure 1 for the location of the viewpoints 

Figure 4: LANDSCAPE CHARACTER - Moonlight Iron Ore Mine 



View 6: From local road, view towards the proposed project site 

7: From local road , view towards the proposed project 

View 8: From local road, view towards the Prol)OSEld t:.ilin,lC, 

Refer to Figure 1 for the location of the viewpoints 

Figure 5: LANDSCAPE CHARACTER - Moonlight Iron Ore Mine 



View 9: From local road , view towards the proposed tailings storage facility 

View 10: From local road, view towards the proposed r"lIlnm: 

Refer to Figure 1 for the location of the viewpoints 

Figure 6: LANDSCAPE CHARACTER - Moonlight Iron Ore Mine 



View 13: From local road , view towards the proposed tailings storage faci lity 

Refer to Figure 1 for the location of the viewpoints 

Figure 7: LANDSCAPE CHARACTER - Moonliaht Iron Ore Mine , 



View 14: From local road, view towards the proposed project site 

Refer to Figure 1 for the location of the viewpoints 

Figure 8: LANDSCAPE CHARACTER - Moonlight Iron Ore Mine 



Refer to Figure 1 for the location of the viewpoints 

Figure 9: LANDSCAPE CHARACTER - Moonlight Iron Ore Mine 



View 20: From local road, view towards the proposed project site 

View 22: From local road, view towards the proposed project site 

Refer to Figure 1 for the location of the viewpoints 

Figure 10: LANDSCAPE CHARACTER - Moonlight Iron Ore Mine 



View 23: From local road, view towards the proposed project site 

View 24: From local road, view towards the proposed project site, tailings storage facility 

View 25: From local road, view towards the proposed 

Refer to Figure 1 for the location of the viewpoints 

Figure 11: LANDSCAPE CHARACTER - Moonlia ht Iron Ore Mine 



View 26: From local road, view towards the proposed project site 

Refer to Figure 1 for the location of the viewpoints 

Figure 12: LANDSCAPE CHARACTER - Moonlight Iron Ore Mine 



Before 

After 

View 1: From local road, view towards the proposed plant (left) and waste rock dump (right) 

Refer to Figure 1 for the location of the viewpoints 

Figure 13: SIMULATION - Moonlight Iron Ore Mine 
( . 



After 

View 13: From local road , view towards the proposed tailings storage facility 

Refer to Figure 1 for the location of the viewpoints 

Figure 14: LANDSCAPE CHARACTER - Moonlight Iron Ore Mine 



Before 

After 

View 24: From local road, view towards the proposed project site, tailings storage facility 

Refer to Figure 1 for the location of the viewpoints 

Figure 15: LANDSCAPE CHARACTER - Moonliaht Iron Ore Mine 
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Figure 16: VIEWSHED ANALYSIS Moonlight Iron Ore Mine 
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APPENDIX B: DETERMINING A LANDSCAPE AND THE VALUE OF THE VISUAL RESOURCE 

In order to reach an understanding of the effect of development on a landscape resource, it is necessary 

to consider the different aspects of the landscape as follows: 

Landscape Elements and Character 

The individual elements that make up the landscape, including prominent or eye-catching features such 

as hills, valleys, savannah, trees, water bodies, buildings and roads are genera lIy quantifiable and can be 

easily described. 

Landscape character is therefore the description of pattern , resulting from particular combinations of 

natural (physica l and biological) and cultural (land use) factors and how people perceive these. The 

visual dimension of the landscape is a reflection of the way in which these factors create repetitive 

groupings and interact to create areas that have a specific visual identity. The process of landscape 

character assessment can increase appreciation of what makes the landscape distinctive and what is 

important about an area. The description of landscape character thus focuses on the nature of the land, 

rather than the response of a viewer. 

Landscape Value - all encompassing (Aesthetic Value) 

Aesthetic value is the emotional response derived from the experience of the environment with its 

particular natural and cultural attributes. The response can be either to visual or non-visual elements and 

can embrace sound, smell and any other factor having a strong impact on human thoughts, feelings and 

attitudes (Ramsay 1993). Thus aesthetic va lue encompasses more than the seen view, visual quality or 

scenery, and includes atm osphere, landscape character and sense of place (Schapper 1993) . 

Aesthetic appeal (value) is considered high when the following are present (Ramsay 1993): 

• Abstract qualities: such as the presence of vivid , distinguished, uncommon or rare features or 

abstract attributes; 

• Evocative responses: the abi lity of the landscape to evoke particularly strong responses in community 

members or visitors; 

• Meanings: the existence of a long-standing special meaning to a particular group of people or the 

ability of the landscape to convey special meanings to viewers in general; 

• Landmark quality: a particular feature that stands out and is recognised by the broader community. 

Sense of Place 



Central to the concept of a sense of place is that the place requires uniqueness and distinctiveness. The 

primary informant of these qualities is the spatial form and character of the natural landscape together 

with the cultural transformations and traditions associated with historic use and habitation. According to 

Lynch (1992) sense of place "is the extent to which a person can recognize or recall a place as being 

distinct from other places - as having a vivid, or unique, or at least particular, character of its own". 

Sense of place is the unique value that is allocated to a specific place or area through the cognitive 

experience of the user or viewer. In some cases these va lues allocated to the place are similar for a wide 

spectrum of users or viewers, giving the place a un iversally recognized and therefore, strong sense of 

place . 

Scenic Quality 

Assigning values to visual resources is a subjective process. The phrase, "beauty is in the eye of the 

beholder," is often quoted to emphasize the subjectivity in determining scenic values. Yet, researchers 

have found consistent levels of agreement among individuals asked to evaluate visual quality. 

Studies for perceptual psychology have shown human preference for landscapes with a higher visual 

complexity particularly in scenes with water, over homogeneous areas. On the basis of contemporary 

research landscape quality increases when: 

• Topographic ruggedness and relative relief increase; 

• Where water forms are present; 

• Where diverse patterns of grasslands and trees occur; 

• Where natural landscape increases and man-made landscape decreases; 

• And where land use compatibility increases and land use edge diversity decreases (Crawford 1994). 

Scenic Quality - Explanation of Rating Criteria: 

(After The Visual Resource Management System , Department of the Interior of the USA Government, 

Bureau of Land Management) 

Landform: Topography becomes more interesting as it gets steeper or more massive, or more severely 

or universally sculptured . Outstanding landforms may be monumental , as the Fish River or Blyde River 

Canyon, the Drakensberg or other mountain ranges, or they may be exceedingly artistic and subtle as 

certain badlands, pinnacles, arches, and other extraordinary formations. 

Vegetation : (Plant communities) Give primary consideration to the variety of patterns, forms, and 

textures created by plant life. Consider short-lived displays when they are known to be recurring or 



spectacular (wildflower displays in the Karoo regions). Consider also smaller scale vegetational features, 

which add striking and intriguing detail elements to the landscape (e.g. , gnarled or wind beaten trees , and 

baobab trees). 

Water: That ingredient which adds movement or serenity to a scene. The degree to which water 

dominates the scene is the primary consideration in selecting the rating score . 

Colour: Consider the overall colour(s) of the basic components of the landscape (e.g., soil, rock, 

vegetation, etc.) as they appear during seasons or periods of high use. Key factors to use when rating 

"colour" are variety, contrast, and harmony. 

Adjacent Scenery: Degree to which scenery outside the scenery unit being rated enhances the overall 

impression of the scenery with in the rating unit. The distance which adjacent scenery will influence 

scenery within the rating unit wi ll normally range from 0-8 ki lometres, depending upon the characteristics 

of the topography, the vegetative cover, and other such factors. This factor is generally applied to units 

which would normally rate very low in score, but the influence of the adjacent unit would enhance the 

visual quality and raise the score. 

Scarcity: This factor provides an opportunity to give added importance to one or all of the scenic features 

that appear to be relatively unique or rare within one physiographic region . There may also be cases 

where a separate evaluation of each of the key factors does not give a true picture of the overall scenic 

quality of an area. Often it is a number of not so spectacular elements in the proper combination that 

produces the most pleasing and memorable scenery - the scarcity factor can be used to recognize this 

type of area and give it the added emphasis it needs. 

Cultural Modifications: Cultural modifications in the landform I water, vegetat ion, and addition of 

structures should be considered and may detract from the scenery in the form of a negative intrusion or 

complement or improve the scenic quality of a unit. 

Scenic Quality Inventory and Evaluation Chart 

(After The Visual Resource Management System, Department of the Interior of the USA Government, 

Bureau of Land Management) 

Key factors /Rating Criteria and Score /. /. 

~andfonn ] High vertical relief as expressed ISteep canyons, mesas, Low rolling hills, 



prominent cliffs , spires, or buttes , cinder cones, and foothills , or flat valley 
Imassive rock outcrops, or severe drumlins; or interesting bottoms; or few or no 

variation or highly eroded erosional patterns or variety interesting landscape 
ations including major in size and shape of 

IhRrllRnds or dune systems; or landforms; or detail features 
features dominant and which are interesting though 

l! exceptionallY striking and not dominant or exceptional. 
intrinllinn such as glaciers. 

1 

variety of vegetative types as 
pressed in interesting forms , 

landcoverl ltextures . and patterns. 

variety of vegetation' luttle or no variety or 
only one or two major contrast in vegetation. 

and clean appearing , still , or IFlowing, or still , but not 

I!
cascading white water, any of dominant in the landscape. 
lAJhi,..h are a dominant factor in the 

IAbsent, or present, but 
noticeable. 

colour combinations , variety Some intensity or variety in Subtle colour 
vivid colour; or pleasing colours and contrast of the variations, contrast, or 

Ilcontrasts in the soil, rock , soil, rock and vegetation , but interest; generally 
veoetation, water or snow fields. not a dominant scenic mute tones. 

scenery greatly 
l ~nhRnr.es visual quality. 

of a kind ; or unusually 
memorable, or very rare within 
region. Consistent chance for 
exceptional wildlife or wildflower 
viewing , etc. National and 
provincial parks and conservation 
areas 

·5+ 

I
Adjacent scenery 
moderately enhances 
n\l~raoll visual quality. 

Distinctive, though 
somewhat similar to others 
within the region. 

3 

scenery has 
or no influence on 

loverall visual quality. 

within its 

I
setting, b~t fairly 
r.nmmnn within the 

Modifications add favourably to Modifications add little or no Modifications add 
variety while promoting visual variety to the area , variety but are very 

visual harmony. and introduce no discordant discordant and 
elements. oromote strong 



Scenic Quality (i .e. value of the visual resource) 

In determining the quality of the visual resource both the objective and Ihe subjective or aesthetic factors 
associated with the landscape are considered. Many landscapes can be said to have a strong sense of 
place, regardless of whether they are considered to be scenically beautiful but where landscape qual ity, 
aesthetic val ue and a strong sense of place coincide - the visual resource or perceived value of the 
landscape is considered to be very high. 

When considering both objective and subjective factors associated with the landscape there is a balance 
between landscape cha racter and individual landscape features and elements, which would result in the 
va lues as follows: 

Value of Vi sual Resource - expressed as Scenic Quality 
(After The Landscape Institute with the Institute of Environmental Management and Assessment (2002)) 

High Moderate Low 

Areas that exhibit a very positive Areas that exhibit positive character Areas generally negative in 
character with valued features that but which may have evidence of character with few, if any, valued 
combine to give the experience of alteration to Idegradation/erosion of features. Scope for positive 

unity, richness and harmony_ These features resulting in areas of more enhancement frequently occurs. 
are landscapes that may be mixed character. Potentially 

considered to be of particular sensitive to change in general: 
importance to conserve and which again change may be detrimental if 
may be sensitive change in general inappropriately dealt with but it may 
and which may be detrimental if not require special or particular 
change is inappropriately dealt with. attention to detail. 



APPENDIX C: METHOD FOR DETERMINING THE MAGNITUDE (SEVERITY I INTENSITY) OF 
LANDSCAPE AND VISUAL IMPACT 

A visual impact study analysis addresses the importance of the inherent aesthetics of the landscape, the 

public value of viewing the natural landscape, and the contrast or change in the landscape from the 

project. 

For some topics , such as water or air quality, it is possible to use measurable , technical international or 

national guidelines or legislative standards, against which potential effects can be assessed. The 

assessment of likely effects on a landscape resource and on visual amenity is more complex, since it is 

determined through a combination of quantitative and qualitative evaluations. (The Landscape Institute 

with the Institute of Environmental Management and Assessment, 2002). 

Landscape impact assessment includes a combination of objective and subjective judgments, and it is 

therefore important that a structured and consistent approach is used. It is necessary to differentiate 

between judgments that involve a degree of subjective opinion (as in the assessment of landscape value) 

from those that are normally more objective and quantifiable (as in the determination of magnitude of 

change). Judgment should always be based on training and experience and be supported by clear 

evidence and reasoned argument. Accordingly, suitably qualified and experienced landscape 

professionals carry out landscape and visual impact assessments (The Landscape Institute with the 

Institute of Environmental Management and Assessment (2002). 

Landscape and visual assessments are separate, although linked, procedures. The landscape baseline, 

its analysis and the assessment of landscape effects all contribute to the baseline for visual assessment 

studies. The assessment of the potential effect on the landscape is carried out as an effect on an 

environmental resource, i.e. the landscape. Visual effects are assessed as one of the interrelated effects 

on populations. 

Landscape Impact 

Landscape impacts derive from changes in the physical landscape, which may give rise to changes in its 

character and from effects to the scenic values of the landscape. This may in turn affect the perceived 

value ascribed to the landscape. The description and analysis of effects on a landscape resource relies 

on the adoption of certain basic principles about the positive (or beneficial) and negative (or adverse) 

effects of change in the landscape. Due to the inherently dynamic nature of the landscape, change arising 

from a development may not necessarily be significant (Institute of Environmental Assessment & The 

Landscape Institute, 2002). 



Visual Impact 

Visual impacts relate to the changes that arise in the composition of available views as a result of 

changes to the landscape, to people's responses to the changes, and to the overall effects with respect to 

visual amenity. Visual impact is therefore measured as the change to the existing visual environment 

(caused by the physical presence of a new development) and the extent to which that change 

compromises (negative impact) or enhances (positive impact) or maintains the visual quality of the area . 

To assess the magnitude of visual impact four main factors are considered. 

Visual Intrusion: 

The nature of intrusion or contrast (physical characteristics) of a project component on the visual quality 

of the surrounding environment and its compatibi lity I discord with the landscape and surrounding land 

use. 

Visibility: 

The area I points from which project components will be visible. 

Visual exposure: 

Visibility and visual intrusion qualified with a distance rating to indicate the degree of intrusion. 

Sensitivity: 

Sensitivity of visual receptors to the proposed development. 

Visual Intrusion I contrast 

Visual intrusion deals with the notion of contextual ism i.e. how well does a project component fit into the 

ecological and cultural aesthetic of the landscape as a whole . Or conversely what is its contrast with the 

receiving environment. Combining landform / vegetation contrast with structure contrast derives overall 

visual intrusion I contrast levels of high, moderate , and low. 

Landform I vegetation contrast is the change in vegetation cover and patterns that would result from 

construction activities . Landform contrast is the change in landforms, exposure of soils, potential for 

erosion scars, slumping , and other physical disturbances that would be noticed as uncharacteristic in the 

natural landscape. Structure contrast examines the compatibility of the proposed development with other 

structures in the landscape and the existing natural landscape. Structure contrast is typically strongest 

where there are no other structures (e.g. , buildings, existing utilities) in the landscape setting. 

Photographic panoramas from key viewpoints before and after development are presented to illustrate 

the nature and change (contrast) to the landscape created by the proposed development. A computer 



simulation technique is employed to superimpose a graphic of the development onto the panorama. The 

extent to which the component fits or contrasts with the landscape setting can then be assessed using the 

following criteria . 

• Does the physical development concept have a negative, positive or neutral effect on the quality of 

the landscape? 

• Does the development enhance or contrast with the patterns or elements that define the structure of 

the landscape? 

• Does the design of the project enhance and promote cultural continuity or does it disrupt it? 

The consequence of the intrusion I contrast can then be measured in terms of the sensitivity of the 

affected landscape and visual resource given the criteria listed below. For instance, within an industrial 

area, a new sewage treatment works may have an insignificant landscape and visual impact; whereas in 

a valued landscape it might be considered to be an intrusive element. (Institute of Environmental 

Assessment & The landscape Institute, 1996). 

Visual Intrusion 

High Moderate Low Positive 

If the project: If the project: If the project: If the project: 

- Has a substantial - Has a moderate negative - Has a minimal effect on - Has a beneficial effect on 
negative effect on the visual effect on the visual quality the visual quality of the the visual quality of the 
quality of the landscape; of the landscape; landscape; landscape; 

- Contrasts dramatically - Contrasts moderately with - Contrasts minimally with - Enhances the patterns or 
with the patterns or the patterns or elements the patterns or elements elements that define the 
elements that define the that define the structure of that define the structure of structure of the landscape; 
structure of the landscape; the landscape; the landscape: 

- Is compatible with land 
- Contrasts dramatically - Is partially compatible - Is mostly compatible with use, settlement or 
with land use, settlement or with land use, settlement or land use, settlement or enclosure patterns. 
enclosure patterns; enclosure patterns. enclosure patterns. 
- Is unable to be - Is 'absorbed' into the 'absorbed' into the - Is partially 'absorbed' into landscape. landscape. the landscape. 

Result Result Result Result 

Notable change in Moderate change in Imperceptible change Positive change in key 
landscape characteristics landscape characteristics resulting in a minor change views. 
over an extensive area and over localized area resulting to key views. 
l or intensive change over a in a moderate change to 
localized area resulting in key views. 

--



major changes in key views. 

Visual intrusion also diminishes with scenes of higher complexity, as distance increases, the object 

becomes less of a focal point (more visual distraction), and the observer's attention is diverted by the 

complexity of the scene (Hull and Bishop, 1988). 

Visibility 

A viewshed analysis was carried out to define areas, which contain all possible observation sites from 

which the development would be visible. The basic assumption for preparing a viewshed analysis is that 

the observer eye height is 1.8m above ground level. Topographic data was captured for the site and its 

environs at 10m contour intervals to create the Digital Terrain Model (DTM ). The DTM includes features 

such as vegetation, rivers, roads and nearby urban areas. These features were 'draped' over the 

topographic data to complete the model used to generate the viewshed analysis. It should be noted that 

viewshed analyses are not absolute indicators of the level of significance (magnitude) of the impact in the 

view, but merely a statement of the fact of potential visibility. The visibility of a development and its 

contribution to visual impact is predicted using the criteria listed below: 

Visibility 

High Moderate Low 

Visual Receptors Visual Receptors Visual Receptors 

If the development is visible from If the development is visible from less If the development is visible from less 
over half the zone of potential than half the zone of potential than a quarter of the zone of potential 
influence , and l or views are mostly influence. and l or views are partially influence. and I or views are mostly 
unobstructed and/or the majority of obstructed and or many viewers are obstructed and l or few viewers are 
viewers are affected. affected affected. 



Visual Exposure 

Visual exposure relates directly to the distance of the view. It is a criterion used to account for the limiting 

effect of increased distance on visual impact. The impact of an object in the foreground (0 - 800m) is 

greater than the impact of that same object in the middle ground (800m - 5.0km) which , in turn is greater 

than the impact of the object in the background (greater than 5.0km) of a particular scene. 

Distance from a viewer to a viewed object or area of the landscape infiuences how visual changes are 

perceived in the landscape. Generally, changes in form, line, colour, and texture in the landscape become 

less perceptible with increasing distance. 

Areas seen from 0 to 800m are considered foreground ; foliage and fine textural details of vegetation are 

normally perceptible within this zone. 

Areas seen from 800m to 5.0km are considered middle ground; vegetation appears as outlines or 

patterns. Depending on topography and vegetation , middle ground is sometimes considered to be up to 

8.0km . 

Areas seen from 5.0km to 8.0km and sometimes up to 16km and beyond are considered background. 

Landforms become the most dominant element at these distances. 

Seldom seen areas are those portions of the landscape that, due to topographic relief or vegetation , are 

screened from the viewpoint or are beyond 16km from the viewpoint. Landforms become the most 

dominant element at these distances. 

The impact of an object diminishes at an exponential rate as the distance between the observer and the 

object increases. Thus, the visual impact at 1000m would be 25% of the impact as viewed from 500m. At 

2000 m it would be 10% of the impact at 500m. The inverse relationship of distance and visual impact is 

well recognised in visual analysis literature (e.g . Hull and Bishop (1988)) and is used as important criteria 

for the study. This principle is illustrated in the figure below. 
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When visual intrusion, visibility and visual exposure are incorporated, and qualified by sensitivity criteria 

(visual receptors) the magnitude of the impact of the development can be determined. 

The sensitivity of visual receptors and views will be depended on: 

• The location and context of the viewpoint; 

• The expectations and occupation or activity of the receptor; 

• The importance of the view (which may be determined with respect to its popularity or numbers of 

people affected, its appearance in guidebooks, on tourist maps, and in the facilities provided for its 

enjoyment and references to it in literature or art). 

The most sensitive receptors may include: 

• Users of all outdoor recreational facilities including public rights of way, whose intention or interest 

may be focused on the landscape; 

• Communities where the development results in changes in the landscape setting or valued views 

enjoyed by the community; 

• Occupiers of residential properties with views affected by the development. 

• These would all be high (5) 

Other receptors include: 

• People engaged in outdoor sport or recreation (other than appreciation of the landscape, as in 

landscapes of acknowledged importance or value); (3) 

• People travelling through or past the affected landscape in cars, on trains or using other transport 

modes; (0) 



• People at their place of work. (0) 

The least sensitive receptors are likely to be people at their place of work , or engaged in sim ilar aclivities , 

whose attenlion may be focused on their work or activity and who therefore may be potentially less 

susceptible to changes in the view. 

In this process more weight is usually given to changes in the view or visual amenity which are greater in 

scale and visible over a wide area. In assessing the effect on views, consideration should be given to the 

effectiveness of mitigation measures, particularly where planting is proposed for screening purposes 

(Institute of Environmental Assessment & The Landscape Institute (1996) . 

... _ ...... _ ... , .... . .... _ ..... ' ................. 

High (5) Moderate (3) Low (0) 

Users of all outdoor recreational People engaged in outdoor sport or The least sensi tive receptors are 
facilities including public rights of recreation (other than appreciation likely to be people at their place of 
way, whose intention or interest of the landscape, as in landscapes work, or engaged in similar 

may be focused on the landscape; of acknowledged importance or activities, whose attention may be 
value): focused on their work or activity and 

who therefore may be potentially 
Communities where the less susceptible to changes in the 
development results in changes in view (i. e. office and industrial 
the landscape setting or valued People travelling through or past the areas). 
views enjoyed by the community; affected landscape in cars, on trains 

or other transport routes; 

Roads going through urban and 
industrial areas 

Occupiers of residential properties 
with views affected by the 
development. 

--

Magnitude (Severity I Intensity) of the Visual Impact 

Potential visual impacts are determined by analysing how the physical change in the landscape, resulting 

from the introduction of a project, are viewed and perceived from sensitive viewpoints. Im pacts to views 

are the highest when viewers are identified as being sensitive to change in the landscape, and their views 

are focused on and dominated by the change. Visual impacts occur when changes in the landscape are 

noticeable to viewers looking at the landscape from their homes or from parks, and conservation areas, 

highways and travel routes , and important cultural features and historic sites, especially in foreground 

views. 



The magnitude of impact is assessed through a synthesis of visual intrusion, visibility, visual exposure 

and viewer sensitivity criteria. Once the magnitude of impact has been established this value is further 

qualified with spatial, duration and probability criteria to determine the significance of the visual impact. 

For instance, the fact that visual intrusion and exposure diminishes significantly with distance does not 

necessarily imply that the relatively small impact that exists at greater distances is unimportant. The level 

of impact that people consider acceptable may be dependent upon the purpose they have in viewing the 

landscape. A particular development may be unacceptable to a hiker seeking a natural experience, or a 

household whose view is impaired, but may be barely noticed by a golfer concentrating on his game or a 

commuter trying to get to work on time (lttleson et al., 1974). 

In synthesising these criteria a numerical or weighting system is avoided. Attempting to attach a precise 

numerical value to qualitative resources is rarely successful, and should not be used as a substitute for 

reasoned professional judgment. (Institute of Environmenta l Assessment and The Landscape Institute , 

1996). 

Magnitude (Severity I Intensity) of Visual Impact 

High Moderate low Negligible 

Total loss of or major Partial loss of or alteration Minor loss of or alteration to Very minor loss or alteration 
alteration to key elements ! to key elements I features I key elements I features I to key elements I features I 
features I characteristics of characteristi cs of the characteristics of the characteristics of the 
the baseline. baseline. baseline. baseline. 

I.e. Pre-development 
I.e. Pre-development I.e. Pre-development 
landscape or view and I or landscape or view and / or I.e. Pre-development 

landscape or view and I or 
introduction of elements introduction of elements landscape or view and lo r 

introduction of elements 
that may be prominent but that may not be introduction of elements 

considered to be totally 
may not necessarily be uncharacteristic when set that are not uncharacteristic 

uncharacteristic when set 
considered to be within the attributes of the with the surrounding 

within the attributes of the 
substantially receiving landscape , landscape - approximating 

receiving landscape. 
uncharacteristic when set the 'no change' situation. 

within the attributes of the 
receiving landscape. 

High scenic quality impacts 
Low scenic quality impacts 
would result. 

would result. Moderate scenic quality 
impacts would result 

Negligible scenic quality 
impacts would result. 



Cumulative effects 

Cumulative landscape and visual effects (impacts) result from additional changes to the landscape or 

visual amenity caused by the proposed development in conjunction with other developments (associated 

with or separate to it), or actions that occurred in the past, present or are likely to occur in the foreseeable 

future. They may also affect the way in which the landscape is experienced. Cumulative effects may be 

positive or negative. Where they comprise a range of benefits, they may be considered to form part of the 

mitigation measures. 

Cumulative effects can also arise from the intervisibility (visibility) of a range of developments and I or the 

combined effects of individual components of the proposed development occurring in different locations 

or over a period of time . The separate effects of such individual components or developments may not be 

significant, but together they may create an unacceptable degree of adverse effect on visual receptors 

within their combined visual envelopes. Intervisibility depends upon general topography, aspect, tree 

cover or other visual obstruction , elevation and distance, as this affects visual acuity, which is also 

influenced by weather and light conditions. (Institute of Environmental Assessment and The Landscape 

Institute, 1996). 



APPENDIX D : CRITERIA FOR SIGNIFICANCE OF IMPACT ASSESSMENT 

The impact assessment methodology is based on the Hacking method of determination of the 

significance of impacts (Hacking, 1998). Part A provides the definition for determining impact 

consequence (combining severity, spatial scale and duration) and impact significance (the overall rating 

of the impact). Impact consequence and significance are determined from Part Band C. The 

interpretation of the impact significance is given in Part D. 

Definition of SIGNIFICANCE 

Definition of CONSEQUENCE 

Criteria for ranking of H 
the SEVERITY of 
environmental impacts 

M 

L 

L+ 

M+ 

H+ 

Criteria for ranking the L 
DURATION of impacts 

M 

H 

Criteria for ranking the L 
SPATIAL SCALE of 
impacts M 

H 

DURATION long term 

PART A: DEFINITION AND CRITERIA< 

Significance = consequence x probability 

Consequence is a function of severity. spatial extent and duration 

Substantial deterioration (death. illness or injury). Recommended level will 
often be violated. Vigorous community action. 

Moderate I measurable deterioration (discomfort). Recommended level wi ll 
occasionally be violated. Widespread complaints. 

Minor deterioration (nuisance or minor deterioration). Change not 
measurable I will remain in the current range. Recommended level will 
never be violated. Sporadic complaints. 

Minor improvement. Change not measurable I will remain in the current 
range. Recommended level will never be violated. Sporadic complaints. 

Moderate improvement. Will be within or better than the recommended 
level. No observed reaction. 

Substantial improvement. Will be within or better than the recommended 
level. Favourable publicity. 
Quickly reversible. Less than the project life. Short term 

Reversible over time. Life of the project. Medium term 

Permanent. Beyond closure. Long term. 

Localised - Within the site boundary. 

Fairly widespread - Beyond the site boundary. Local 

Widespread - Far beyond site boundary. Regional I national 

PART B: DETERMINING CONSEQUENCE 

SEVERITY = L 



DURATION 

DURATION 

PROBABILITY 

(of exposure to 
impacts) 

Significance 
Hiqh 
Medium 
Low 

Medium term 

Short term 

l ong term 

Medium term 

Short term 

l ong term 

Medium term 

Short term 

M 

l 

H 

M 

l 

H 

M 

l 

low 

low 

SEVERITY = M 

~ 

~IIII. 

low 

SEVERITY = H 

High 

Medium 

Medium 

localised 

Within si te 
boundary 

Site 

PART C: DETERMINING SIGNIFICANCE 

low I~~ 

low t'MmWlh,j 

High High 

~ High 

,MmItmjI mt¥HII'I1 

High High 

Medium High 

M 

Fairly widespread 

Beyond site 
boundary 

local 

SPATIAL SCALE 

High 

H 

Widespread 

Far beyond site 
boundary 

Regional/national 

Definite / Continuous H High 

High Possib le / frequent M 

Unl ikely / seldom l low low 

l M H 

CONSEQUENCE 

PART D: INTERPRETATION OF SIGNIFICANCE 
Decision guideline 
It would influence the decision reoardless of any possible mitioation. 
It should have an influence on the decision unless it is mitiqated . 
It will not have an influence on the decision. 

*H = high, M= medium and l= low and + denotes a positive impact. 



APPENDIX E: CRITERIA FOR PHOTO I COMPUTER SIMULATION 

To characterize the nature and magnitude of visual intrusion of the proposed project, a photographic 

simulation technique was used. This method was used according to Sheppard (in Lange 1994), where a 

visual simulation is good quality when the following five criteria are met. 

Representativeness: A simulation should represent important and typical views of a project. 

Accuracy: The similarity between a simulation and the reality after the project has been 

realized . 

Visual clarity: 

Interest: 

Legitimacy: 

Detail, parts and overall contents have to be clearly recognizable. 

A simulation should hold the attention of the viewer. 

A simulation is defensible if it can be shown how it was produced and to what 

degree it is accurate. 

To comply with this standard it was decided to produce a stationary or static simulation (Van Dortmont in 

Lange , 1994), which shows the proposed development from a typical static observation pOints (Critical 

View Points). 

Photographs are taken on site during a site visit with a manual focus, 50mm focal depth digital camera. 

All camera settings are recorded and the position of each panoramic view is recorded by means of a 

GPS. These positions , coordinates are then placed on the virtual landscape (see below). 

A scale model of the proposal is built in virtual space , scale 1:1 , based on CAD (vector) information as 

supplied by the architect I designers. This model is then placed on a virtual landscape, scale 1: 1, as 

produced by means of GIS software. The accuracy of this depends on the contour intervals. 

The camera views are placed on the points as recorded on the virtual landscape. The respective 

photographs are overlaid onto the camera views, and the orientation of the cameras adjusted accordingly. 

The light source is adjusted to suit the view. Each view is then rendered as per the process above. 
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1 Executive Summary 

Turquoise Moon Trading 157 (Pty) Ltd (Turquoise Moon) is proposing to develop an iron ore mine 
in North Western Limpopo area. The proposed Moonlight mining operation will comprise an open 
pit mine, minera l process ing fac ilities, mine residue disposal facilities and various support 
infrastructure and services. The iron ore prospect covers an area referred to as the Moonlight 
project area. The Moonlight project area comprises the farms Moonlight III LR, Gouda Fontein 
886 and Julietta I 12LR. It is located along the N II between Mokopane (Potgietersrus) and the 
Botswana border, near to the town of Marni tz, and approx imately 60 km north and 145 km north
west of Lephalale (Elli sras) and Polokwane, 

Blast Management & Consulting (BM&C) was contracted as part of Environmental Impact 
Assessment (E IA) to perform an initial rev iew of possible impacts with regards to blasting 
operations in the proposed new open cast mining operation. Ground vibrati on, air blast, fl y rock and 
fumes are some of the aspects as a resu lt from blasting operations. Due to time constraints thi s study 
wi ll review possible influences that blasting may have on the surrounding area in respect of these 
aspects initia lly as a desktop study with options to obtai n greater detail in follow-up visit to the site 
and surroundings. The report concentrates on the ground vibrat ion and air blast intends to prov ide 
informati on, calculations, predictions, poss ible influences and mitigati ons of blasting operations for 
thi s project. 

The eva luat ion of effects yielded by blasting operations is eva luated over an area as wide as 3500m 
from the mining area considered. The range of structures expected is typical framing community 
wi th structures that could range from well build to informal building sty le. These could include 
rural type buildings to brick and mortar structures, cement brick structures, and industri al structures. 
The project area consists mainly of one opencast pit area . 

Results from the eva luat ion presented show that pred icted influence at the surrounding structures 
with regards to maximum charge used the ground vibration wi ll be significant up to distances of 
approximately 644m from pit boundary. A max imum ground vibration leve l of 6.8 mmls is 
expected at the nearest private house. This leve l is still below the lower safe level recommended. 
Structures further that thi s pint is signifi cantl y further and leve ls are relatively low. There are no 
spec ific structures that are of damage concern. The mine ' s owns structures are more exposed than 
private structures. 

The project area does have a possibility of presence of people and farms animals. However 
consideration was given to poss ible influence. A ll animals and people should not be present within 
500m from the blasting operations. Possible injury is not expected at di stances further than the 
500m boundary. 

Air blast from blasting operati ons is expected to be less of concern than ground vibration. Air blast 
is however contro llable through applying proper contro l measures on stemming lengths and 
stemming materia l. The use of predictions gives indication that if it goes wrong the extent of 
damage wi ll at least be known beforehand . Air blast levels calculated for blasti ng operations did not 
show leve ls of concern for the nearest private structures. The nearest farm stead is expected on ly to 
experience 120dB. This well within accepted leve ls but cou ld be a nui sance. The reduct ion of 
charge mass per delay will have significant reduction of a ir blast with safe blasting limit reduced in 
distance from the mine boundary. Additional controls may also be used in the stemming that will 
add to reduce the effects of air blast. 
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This concludes this investigation and outcome for the Turquoise Moon Project it will be possible to 
operate this mine in a safe and effective manner. The author wishes to indicate as well that this 
document is not purely an evaluation but had the intention to be a working document that can be 
used in practice to maintain good neighbour ship with its neighbours. 
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2 Introduction 

Turquoise Moon Trading 157 (Pty) Ltd (Turquoise Moon) is proposing to develop an iron ore mine 
in North Western Limpopo area. The proposed Moonlight mining operation will comprise an open 
pit mine, mineral processing facilities, mine residue disposal facilities and various support 
infrastructure and services. The iron ore prospect covers an area referred to as the Moonlight 
project area. The Moonlight project area comprises the farms Moonlight III LR, Gouda Fontein 
886 and Julietta 112LR. It is located along the N II between Mokopane (Potgietersrus) and the 
Botswana border, near to the town of Marnitz, and approximately 60 km north and 145 km north
west of Lephalale (Ellisras) and I'olokwane. 

Blast Management & Consulting (BM&C) was contracted as part of Environmental Impact 
Assessment (EIA) to perform an initial review of possible impacts with regards to blasting 
operations in the proposed new open cast mining operation. Ground vibration , air blast, fly rock and 
fumes are some of the aspects as a result from blasting operations. This study wi ll review possible 
influences that blasting may have on the surrounding area in respect of these aspects. The report 
concentrates on the ground vibration and air blast intends to provide information, ca lculations, 
predictions, poss ible influences and mitigations of blasting operations for this project. 

3 Protocols and Objectives 

The protocols applied in this document are based on the author' s experience, guidel ines from 
literature research, cli ent requirements and general indicators from the various acts of South Africa. 
There is no direct reference in the following acts with regards to requirements and limits on the 
effect of ground vibration and air blast specifically and some of the aspects addressed in thi s report. 
The acts consu lted are: Nationa l Environmental Management Act No. 107 of 1998, Mine Health 
and Safety Act No. 29 of 1996, Mineral and Petroleum Resources Development Act No. 28 of 
2002. 

The guidelines and safe blasting criteria are accord ing international accepted standards and spec ific 
applied in thi s document is the Un ited States Bureau of Mines (USBM) criteria for safe blasting for 
ground vibration and recommendations on air blast. There are no specific South African standard 
and the USBM is well accepted as standard for South Africa. However it is sure that the protocols 
and objectives will fall within the broader spectrum as required by the various acts . 

The object ive of this document is to outl ine the expected environmental effects that blasting 
operations cou ld have on the surrounding environment. This study investigates the related 
influences of expected ground vibration , air blast, fly rock, and noxious fumes. These effects are 
investigated in relation to the surroundings of the blast site and poss ible influence on the 
neighbouring houses and owners or occupants. 

Objectives can be summarized according to the following steps taken as part of the EIA study with 
regards specifically to ground vibration and air blast due to blasting operations. 

3. 1 Background information of the proposed site 
3.2 Mining operations and Blasting Operation Requirements 
3.3 Effects of blasting operations: 
3.3. 1 Ground vibration 
3.3.2 Air blast 
3.3.3 Fly rock 
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3.3.4 Noxious fumes 
3.4 Site specific Aspects applicable 
3.5 Ri sk Assessment 
3.6 Mitigations 
3.7 Recommendations 
3.8 Conclus ion 

4 Visualisation of the Proposed Site 

The Turquoise Moon Projcct deve lopment will be located along the N II between Mokopane 
(Potgietersrus) and the Botswana border, near to the town of Mam itz, and approx imately 60 km 
north of Lepha lale (Elli sras) and 145 km north-west from Polokwane, . The Moonlight project area 
comprises the farms Moonlight III LR, Gouda Fontein 886 and Julietta 11 2LR in the Limpopo 
Province at geographic coordinates S23 13 15.8 E28 12 59.2. Figure I shows geograph ica l loca lity 
plan of the proposed project area. Figure 2 shows an aerial view of the proposed mining area. 
Figure 3 shows aeria l view of the mining area and surroundings with points of interest. 

The site was reviewed and presented hereafter. Site was reviewed / scanned using Goog le Earth 
imagery. In formation sought from rev iew was typ ica lly what surface structures are present in a 
350001 radius from the proposed mine boundary that will require consideration during modelling of 
blasting operations. This cou ld consists of houses, general structures, power lines, pipe lines, 
reservoirs, mining act ivities, roads, shops, schools, gathering places, possible historical sites etc. A 
list was prepared as best possible for each structure in the vic inity of the pit areas. The list prepared 
covers structures and points of interest (PO I) in the 3500m boundary. A list of structure locations 
was required for determining the allowable ground vibration li mits and air blast limits possible. 
Reason for using 3500m influence area is that in genera l we observe that even at relative far 
distances the levels of vibration could sti ll be such that it fa ll s within the "people's perception" 
criteria of "perceptible". These leve ls may not be damaging but is still perceptib le and gives reason 
for complaints. The 3500m is based on experience and used as standard by Blast Management & 
Consulting (BM&C). The points of interest list compiled are provided in Table I below. 

Figure I : Locality of the project area 
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Figure 2: Proposed mining area layo ut. 

Note: Green Crosses POI indicators 
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Table I: List of points of interest used 

, 

I 

Owner Tag Description Y X 

Private I Farmstead 76715 2572695 
Private 2 Dam 75430 2571674 
Private 3 Farmstead 76 133 2574852 
Private 4 Dam 78373 2576078 
Private 5 Dam 82149 2574876 
Private 6 Dam 84815 2574084 
Private 7 Waterhole 84658 257 1931 
Private 8 Hut 84653 2571388 
Private 9 Dam 84737 257 1228 
Private 10 Waterhole 83618 2569609 
Private II Dam 81559 2568042 
Private 12 Dam 81609 2568168 
Private 13 Hut 81604 2568120 
Private 14 Farmstead 77383 25684 10 
Private 15 Ruins 77046 2568294 
Private 16 Farmstead 78 109 2571602 
Private 17 Dam 78050 2571441 
Private 18 Historical House 80 144 2569780 
Mine 19 Tailings dam 811 67 2570206 
Mine 20 Stockpile 80592 2572372 
Mine 21 Plant 81 139 2573069 
Mine 22 Offices 81438 2573243 

5 Mining and Blasting Operations 

The min ing method will be conventional drilling and blasting operations. The min ing operation 
detail prov ided indicates opencast pit area with no forma l pit design and layout with designs yet. 
Proposed drilling and blasting information used in thi s report is based on in formation provided on 
expected drilling and blasting operat ions. Blast designs are required in order to define expected 
ground vibration, air blast and fly rock influences and leve ls. Possible outcomes of the blast designs 
are used for simulation of data req uired. The following technica l design details used for this 
operati on are provided in Table 2 below. Two basic configurations were designed: Ore and waste 
materia l blasts. 

Tab le 2: Informat ion on blast designs used 

Technical Aspect Ore Waste ! 

BtH Diameter (0101) 140 140 

Explosive Density (glem') 1.18 1.1 8 

Burden (m) 3 4.3 

Spacing (01) 3.5 5 
Bench Height (Ill) 6.1 I 1.1 

Min Depth (01) 6.1 I 1.1 
Average Depth (01) 6.1 I 1.1 

Linear C harge Mass (kg) 18.16 18.16 

P/F Blasthole (kglm' ) 0.74 0.58 
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Stemming Length (01) 3.5 3.5 
Column Length (m) 2.6 7.6 

Explosives Per BIB (kg) 47 138 
Sub-drill (01) 0.00 0.00 

6 Effects of Blasting Operations: 

Blasting operations have effect to its surroundings . These effects can manifest in the form of ground 
vibrati on, air blast, fumes, fl y rock etc. The application of explos ives breaking rock will always 
have a pos itive and negati ve manifestation of di fferent energies. It is the effects that have negati ve 
outcome that we concentrate on and that will need to be managed. The following sections address 
the reason, predi ction, modelling and control on aspects like ground vibration, air blast, fl y rock and 
fumes. 

6.1 Ground Vibration 

Explos ives are used to break rock through the shock waves and gasses yielded from the explosion. 
Ground vibration is a natural result from blasting activities. The far fi eld vibrations are inev itable, 
but un-desirable by products of blasting operations. The shock wave energy that trave ls beyond the 
zone of rock breakage is wasted and could cause damage and annoyance. The level or intensity of 
these far fi eld vi bration is however dependant on various factors. Some of these factors can be 
contro lled to yield desired leve ls of ground vibration and still produce enough rock breakage 
energy. 

Factors influencing ground vibration are the charge mass per de lay, distance from the blast, the 
delay peri od and the geometry of the blast. These factors are contro ll ed by planned design and 
proper blast preparation. 

The larger the charge mass per delay - not the tota l mass of the blast, the greater the vibrati on 
energy yielded. Blasts are timed to produce effective re li ef and rock movement for successful 
breakage of the rock. A certa in quantity of holes will detonate within the same time frame or delay 
and it is the maxi mum total explosive mass per such delay that will have the greatest influence. All 
ca lculations are based on the max imum charge detonating on a spec ific de lay. 

Secondly is the di stance between the blast and the point of interest / concern . Gro und vibrati ons 
anenuate over di stance at a rate determined by the mass per delay, timing and geology. Each 
geo logica l interface a shock wave encounters will reduce the vibration energy due to refl ecti ons of 
the shock wave. Closer to the blast will y ield high level s and further fro m the blast will yield lower 
levels. 

Th irdly the geology of the blast medium and surroundings has influences as we ll. High density 
materi als have high shock wave transferability where low density materials have low transferability 
of the shock waves. Solid rock i.e. norite will yield higher levels of ground vibrati on than sand for 
the same di stance and charge mass . The prec ise geo logy in the path of a shock wave cannot be 
observed eas ily, but can be tested for if necessary in typica l signature trace studies - which are 
di scussed shortly below. 

• 
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6.1.1 Prediction 

When predicting ground vibrati on and possible decay, a standard accepted mathematical process of 
sca led di stance is used. The equation applied (Equation I) uses the charge mass and distance with 
two site constants. The site constants are specific to a site where blasting is to be done. In new 
opencast operations a process of testing for the constants is normally done using a signature trace 
study in order to predict ground vibrations accurately and safely. The utilization of the sca led 
di stance prediction formula is standard practice. The ana lysis of the data will also give an indication 
of frequency decay over distance. 

Equation I: 

Where: 
y = Predicted ground vibration 
a = Site constant 
b = Site constant 
D = Distance 
E = Explosive Mass 

PPV D )-b 
aC.,fE 

Applicable and accepted facto rs a&b for new operati ons is as fo llows: 
Factors: 

a= 11 43 
b = -1.65 

Utiliz ing the abovementioned equati on and the given factors, allowable leve ls fo r spec ifi c limits and 
expected ground vibration leve ls can then be ca lculated for various di stances. 

Rev iew of the type of structures observed around the mine operation and the limitations that may be 
typica lly appli cable indicated that various different levels of ground vibration are necessary to 
consider. These are the 6 mmls, 12.5 mmls, 25.0 mmls levels, 50mmls and for some structures and 
insta llati ons up to max imum of 150mm/s. The blast des ign indicates that 47kg will be loaded in an 
ore blastholes and 138kg in a waste blasthole. Considering general timing systems to be used it is 
ex pected that as much as 4 blastholes could detonated simultaneously. In extreme cases thi s can be 
up to 6 blastholes. In order to evaluate the poss ible influence the author selects three charge masses 
that will span the range of possi ble charge mass per delay. Therefore a single blasthole from waste 
blast will yield 138kg charge, 4 blastholes detonating simultaneously from a waste blast will yield 
552kg and 6 blastholes detonating simultaneously from a waste blast will yield 828kg. These charge 
masses are lIsed fo r modelling aspects in thi s report. Considering the parameters, ground vibration 
and charge mass, the fo llowing calculations were done for consideration in th is report. Attention 
will be given to levels of 12.5 mmls, 25 mmls and 50 mm/s. 

Firstl y the di stance required from spec ifi c charge masses to maintain di fferent vibrati on limits ( 12.5 
mmls, 25 mmls and 50 mm/s) was calculated and presented table 3 below. The charge masses used 
are representati ve of minimum and max imum charges that can be expected from a typica l blast. 
Figure 4 shows the graphic representati on of data prov ided in table 3. 
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Table 3: Distances Required for Maintaining Specific Vibration Leve ls at Specific Charge Masses 

No. 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0; 
~ 

ii 
'" • 
E 

Charge Mass (kg) 
Distance (m) Distance (m) Distance (m) 

12.Smmls PPY Limit 2Smm/s PPY Limit SOmm/s PPY Limit 
100.0 154 101 67 
200.0 218 143 94 
300 .0 267 176 11 5 
400.0 309 203 133 
500.0 345 227 149 
600.0 378 248 163 
700.0 408 268 176 
800.0 437 287 188 
900.0 463 304 200 
1000.0 488 32 1 2 11 
1100.0 512 336 22 1 
1200.0 535 35 1 23 1 
1300.0 557 366 240 
1400.0 578 379 249 
1500.0 598 393 258 
1600.0 617 406 267 
1700.0 636 418 275 
1800.0 655 430 283 
1900.0 673 442 290 
2000.0 690 454 298 

Turquoise Moon Project 
Charge Mass vs Distance for Different PPV's 
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Figure 4: Distance versus Charge Mass for Limiting Vibration Levels 

Secondl y the required charge masses to yield different vibration leve ls ( 12.5 mmls , 25 mmls and 50 
mm/s) at various di stances was calcu lated and presented in Table 4 below. This is used to consider 
what maxi mum charge mass can be allowed for specific distance of interest. 
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Table 4: Limiting Charge Masses at Specific Distances for Maintaining Specific Ground Vibrat ion 
Levels 

No. Distance (01) 
Max C harge Mass (kg) Max C harge Mass (kg) Max C harge Mass (kg) 

12.5mm/s PPY Limit 25m OIls PPY Limit 50mm/s PPY Limit 
I 50.0 10 24 56 
2 100 .0 42 97 225 
3 150 .0 94 219 507 
4 200 .0 168 389 901 
5 250.0 262 608 1408 
6 300.0 378 875 2027 
7 400.0 67 1 1556 3604 
8 500.0 1049 2430 5631 
9 600.0 15 11 3500 8108 
10 700.0 2056 4764 11 036 
I I 800.0 2686 6222 1441 5 
12 900.0 3399 7875 18244 
13 1000.0 4196 9722 22523 
14 1250.0 6557 15190 35 193 
15 1500.0 9442 2 1874 50678 
16 1750.0 1285 1 29773 68978 
17 2000.0 16785 38888 90094 
18 2500.0 26227 60762 140772 
19 3000.0 37767 87497 2027 11 
20 3500.0 5 1405 119093 2759 12 

Based on the design presented on expected drilling and chargi ng des ign, the following Table 5 
shows expected ground vibrat ion leve ls (PPV) fo r various distances ca lculated at three different 
charge masses. A low charge mass, the expected med ium charge mass per delay and a maxi mum 
charge mass as worst case scenario. The charge masses are 138kg, 552kg and 828kg. 

Table 5: Ex pected Ground Vibration at Various Distances from Charges Applied in thi s Study 

No. Distance (01) 
Expected PPY (mOIls) for Expected PPY (mOIls) for Expected PPY (mOIls) for 

138kg Charge 552kg C harge 828kg Charge 
1 50.0 104.7 328 .7 459 J 
2 100.0 33 .4 104 .7 146.4 
3 150.0 17. 1 53.7 75.0 
4 200.0 10.6 33 .4 46.6 
5 250.0 7.4 23. 1 32.3 
6 300.0 5.4 17. 1 23.9 
7 400.0 3.4 10.6 14.9 
8 500.0 2.3 7.4 10.3 
9 600.0 1.7 5.4 7.6 
10 700.0 1.3 4.2 5.9 
11 800.0 1. 1 3.4 4.7 
12 900.0 0.9 2.8 3.9 
13 1000.0 0.7 2.3 3.3 
14 1250.0 0.5 1.6 2.3 
15 1500 .0 0.4 1.2 1.7 
16 1750 .0 OJ 0.9 1.3 
17 2000.0 0.2 0.7 1.0 
18 2500 .0 0.2 0.5 0.7 
19 3000 .0 0.1 0.4 0.5 
20 3500.0 0.1 0.3 0.4 

Blast Managemelll & COl/sli lling Page 140[49 Turquoise MoolI- EIAR eport II 0607 VO I 



Figure 5 below shows the relationship of ground vibration over di stance for the three charges 
considered as given in Table 5 above. The attenuation of ground vibration over di stance is c learly 
observed. Ground vibration attenuation follows a logarithmic trend and the graph indicates this 
trend . Indicated on the graph as well are the limits that shou ld be appl icable due to the various 
structures and types of insta ll at ions in th is area as given above. The graph can be used to sca le 
expected ground vibration at specific distances for the same maximum charges as used in this 
report. The expected vibration leve l at specific distance can be read from the graph, provided the 
same maximum charges are applicab le, or by rough estimate if the charge per de lay should be 
between the charge masses applied for thi s case. 
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Figure 5: Ground vibration over distance for the three charge masses used in mode ll ing 

6.1.2 Limitations on Structures 

2500 

Lim itations on ground vibrati on are in the form of max imum a llowable leve ls for different 
install ations and structures. These levels are norma lly quoted in peak particle velocity or as ground 
vibration in mi ll imetres per second (mm/s). There are unfortunately no exact South African 
standard . Thus currently the United States Bureau of Mines (USBM) criterion for safe blasting is 
applied where private structures are of concern. This is a process of eva luating the vibration 
amplitudes and freque ncy of the vibrations according to set rules for preventing damage. The 
vibration amp li tudes and frequency is then plotted on a graph . The graph indicates two main areas: 

• The Safe Blasting Criteria Area 
• The Unsafe Blasting Criteria Area 

When ground vibration is recorded and the ampli tude in ve loc ity (mm/s) is analysed for frequency 
it plots thi s re lationship on the USBM graph. If data fa lls in the lower part of the graph then the 
blast was done safely. If the data falls in the upper part of the graph then the probability of inducing 
damage to mortar and brick structures increases significantly . There is a relationship between 
amp li tude and frequency due to the natural frequencies of structu res. This is normally low · be low 
10 Hz · and thus the lower the frequency, the lower the allowable amplitude. Higher frequencies 
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a llows for higher amplitudes. The extra lines on the graph are more deta iled for specific type walls 
and structure configurations. Loca lly we are only concerned with the lowest line on the USBM 
graph. Due to poss ible poor state structures in an area add itionall y a 12.Smm/s limit may be added. 
A further guide of25mm/s is also added . 

This is a pre blast analysis but predictions help us determine expected amplitudes and ex perience 
has taught us what frequenci es cou ld be expected. The USBM graph for safe blasting was 
developed by the United States Bureau of Mines through research and data accumulated from 
sources other than their own research. Figure 6 shows an example of a USBM analys is graph with 
6mm/s and 25mm/s gu idelines added. 
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Figure 6: US BM Analysis Graph 
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Additio nal limitations that should be considered are as fo llows, these were determined through 
research and various institutions: 

• Nationa l RoadslTar Roads: ISO mm/s 
• Steel pipel ines: 50 mm/s 
• Electrica l Lines: 75 mm/s 
• Rail way: 150 mm/s 
• Concrete aged less than 3 days: Smm/s 
• Concrete after 10 days: 200 mm/s 
• Sensitive Plant equipment: 12 or 25 mm/s depending on type - some switches could trip at 

leve ls less than 25 mm/s. 

Considering the above limitations, BM&C work is based on the follow ing: 
• USBM criteria for sa fe blasting 
• The add itional limitations prov ided 

BIaSI A1allagel1lelll & Consulting Page 16 0f49 Turquoise MoolI- EfAReporlf I0607VOI 



• Consideration of private structures 
• Should these structures be in poor condition is the basic limit of 25 mmls reduced to 12.5 

mmls or even when structures are in very poor cond ition limits will be restricted to 6 mmls 
• We al so consider the input from other consultants in the field loca ll y and internationally. 

6. \.3 Limitations with Regards to Human Perceptions 

A further aspect of ground vibration and frequency of vibration is the human perception. It should 
be realized that the legal limit for structures is significantly greater than the comfort zones for 
people. Humans and animals are sensitive to ground vibration and vibration of the structures. 
Research has shown that humans wi ll respond to different levels of ground vibration and at different 
frequencies. 

Grou nd vibration is experienced as "Perceptible", ·' Unpleasant" and " Intolerable'· (only to name 
three of the five levels tested) at different vibration levels for different frequenc ies. This is 
indicative of the human 's perceptions on ground vibration and clearly indicates that humans are 
sensitive to ground vibration. This "tool" is only a guideline and helps with managing ground 
vibration and the respective complaints that peop le cou ld have due to blast induced ground 
vibrations. Humans already perceive ground vibration levels of 4.5 mmls as unpleasant. 
Generally people a lso assume that any vibrations of the structure - windows or roofs rattling - wi ll 
cause damage to the structure . Air blast also induces vibrat ion of the structure and is the cause of 
nine out of ten complaints. (See Figure 7) 
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Figure 7: US BM Analysis with Human Perception 
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6.2 Air blast 

Air blast or air-overpressure is pressure acting and should not be confused with sound that is within 
audible range (detected by the human ear). Sound is also a build up from pressure but is at a 
completely different frequency to air blast. Air blast is normally associated with frequency levels 
less than 20 Hz, which is the threshold for hearing. Air blast is the direct resul t from the blast 
process although influenced by meteorological conditions the final blast layout, timing, stemming, 
accessories used, covered or not covered etc. a ll has an influence on the outcome of the resu lt. 

The three main causes of air blasts can be observed as : 
a) Direct rock disp lacement at the blast; the air pressure pu lse (A PP) 
b) Vibrating ground some distance away from the blast; rock pressure pulse (RPP) 
c) Venting of blast holes or blowouts; the gas release pulse (GRP) 

6.2.1 Limitations on structures 

The recommended limit for air blast currently appli ed in South Africa is 134 dB. This is 
spec ifi cally pertaining to air blast or otherwise known as air-overpressure. Thi s takes into 
consideration where public is of concern. Air-overpressure is pressure acting and should not be 
confused with sound that is within audib le range (detected by the human ear). However, all 
attempts should be made to keep air blast levels generated from blasting operations below 120 dB 
or greater magnitude toward critica l areas where public is of concern. This wi ll ensure that the 
minimum amount of disturbance is generated towards the critical areas surrounding the mining area . 

Based on work carried out by Siskind el.a!. ( 1980)111, monitored air blast amplitudes up to 135 dB 
are safe for structures, provided the monitoring instrument is sens itive to low frequencies (down to 
I Hz). Persson el.a/. (1994)121 Have published the following estimates of damage thresholds based 
on empirical data (Tab le 8). Levels given in Table 6 are at the point of measurement. 

Tab le 6: Damage Limits for Air Blast 

Level Description 

120dB ~hresho l d of pain for continuous sound 

>130 dB Resonant response of large surfaces (roofs, ceilings). Complaints start . 

150dB ~ome windows break 

170 dB ~ost windows break 

180 dB Structural Damage 

Further it must be noted that the weakest point on a structure is the windows and ce ilings. 

All attempts should be made to keep air blast levels generated from blasting operations we ll below 
120 dB where public is of concern. This wi ll ensure that the minimum amount of d isturbance is 
generated towards the critical areas surrounding the mining area and limit the possibility of 
complaints due to the secondary effects from air blast. 
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6.2.2 Limitations with regards to human perceptions 

Considering the human perception and misunderstanding that could occur between ground vibration 
and air blast BM&C genera lly recommends that blasting be done in such a way that air blast levels 
is kept below 120dB. In this way it is certain that fewer complaints wi ll be rece ived for blasting 
operati ons. The effects on structures that startled people are signifi cantl y less - thus no reason for 
complaining. It is the actual influence on structures like rattling of windows or doors or large roof 
surface ' s that startle people. These effects are sometimes misjudged as ground vibration and 
considered as damag ing to the structure. 

Initial limits for eva luation conditions have been set at 120dB, 134dB and less than 134dB. USBM 
limits are 134 dB for nuisance, at thi s level 5% of residents would be expected to complain, because 
they are startled and frig htened; even 120dB cou ld sometimes lead to rattling wi ndows, fee lings of 
annoyance and fr ight. 

6.2.3 Prediction 

An aspect that is not normally considered as pre-operation defi nable is the effect of air blast. Thi s 
is mainl y due to the fact that air blast is an aspect that can be controlled to a great degree by 
applying basic rules. Air blast is the direct result from the blast process, although influenced by 
meteorologica l conditions, the final blast layout, timing, stemming, accessories used, covered or not 
covered etc. a ll has an influence on the outcome of the result. 

Standards do exist and predictions can be made, but it must be taken in to account that pred ictions 
of air blast is most effective only when used in conjunction with charges on surface and normally 
referred to detonati on of TNT as a reference. Blasts that are normally covered show the least effect 
on air blast. However even covered blasts with the use of detonating cord can yield high air blast 
levels when pieces of the detonat ion cord that is used for indicators are not covered. Covered 
blasting is normally used in blasting of trenches etc. in close prox imity of structures. 

The follow ing equation is associated with predictions of air blast, but is considered by the author as 
subjecti ve. The only rea l fact is that actual ai r blast does decrease over di stance and nominally at a 
rate of -6dB for each doubling of the di stance from the source. In thi s report a standard equation to 
calculate poss ible air blast values was used. This equati on does not take temperature or any weather 
conditions into account. Va lues were calcu lated using a cube root sca led di stance relat ionship from 
expected charge masses and di stance. Equation 2 is normally used where no actual data ex ists. 

Equation 2: 

Where: 
L = Air blast leve l (dB) 

D 
dB = 165 - 24 10g 10 p /3 

D = Distance from source (m) 
E = Max imum c harge mass per delay (kg) 

Although the above equation was applied for prediction of air blast leve ls, additional measures are 
also recommended in order to ensure that air blast and assoc iated fl y-rock possibilities are 
minimized completely. As discussed earlier the prediction of air blast is very subjective. Foll owing 
in Table 7 below is a summary of va lues pred icted according to Equation 2. Figure 8 shows the 
graphical re lationship for air blast as set out in Table 7. 
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Table 7: Air Blast Predicted Values 

No. 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Distance (nI) 

50.0 
100.0 
150.0 
200.0 
250.0 
300.0 
400.0 
500.0 
600.0 
700.0 
800.0 
900.0 
1000.0 
1250.0 
1500.0 
1750.0 
2000.0 
2500 .0 
3000 .0 
3500 .0 

Air blast (dB) for 138kg Air blast (dB) for SS2kg 
C harec C haree 

14 1 146 
134 139 
130 135 
127 132 
125 129 
123 127 
120 124 
117 122 
115 120 
114 119 
11 2 11 7 
I I I 11 6 
11 0 11 5 
108 11 3 
106 II I 
104 109 
103 108 
101 105 
99 103 

____ n _ ___ - 102 
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Figure 8: Predicted air blast levels 
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6.3 Fly Rock 

6.3.1 Causes 

Blasting practices require some movement of rock to facilitate the excavation process. The extent 
of movement is dependent on the scale and type of operation. For example, blasting activ ities 
within large coa l mines are designed to cast the blasted material much greater distances than 
practices in a quarry ing o r hard rock operations. Thi s movement should be in the direction of the 
free face , and therefore the orientation of the blasting is important. Material or elements travelling 
outs ide of this expected range may be considered to be fly rock. 

Fly rock from blasting can result from three mechanisms due to the lac k of confinement of the 
energy in the explosive column. The main mechani sms are : 

a) Face burst - burden conditions usually contro l fl y rock distances in front of the face 
b) Cratering - If the stemming height to hole diameter ratio is too sma ll or the co llar rock is 

weak 
c) Rifling - If the stemming materia l is ejected with insuffic ient stemming height or 

inappropriate stemming materi a l is used 

In short the following list is typical causes of fly rock: 
a) Burden to sma ll, 
b) Burden to large, 
c) Stemming length to short, 
d) Out of sequence initiation of blastholes, 
e) Drilling inaccurac ies, 
f) Incorrect blasthole angles, 
g) Over charged blastholes. 

It is possible to blast w ithout any fl y rock with proper confinement of the explosive charges within 
blast ho les using proper stemming procedures and materia ls. Stemming is further required to 
ensure that explosive energy is efficiently used to its maximum. Free blast ing with no contro l on 
stemming cannot be a llowed as thi s will result in poor blast results and possible damage to any 
nearby structures. 

6.3.2 Predictions 

The use of prediction calculations for fl y rock is in my opi nion secondary to the bas ics of blast 
preparation. Quest ion is why shou ld there be fl y rock? Blasts can be shot without fly rock occurring 
by using basic gu ide lines on blast preparation and specifically stemming control. Quality of 
preparation will certainly have influence on the final bl ast result. Predictions on the possibility of 
fl y rock are useful for operations that are hampered by the past incidents of fl y rock and situations 
where back tracking needs to be done where fl y rock did occur and fault ana lys is needs to be done. 
Predictions may also be used to consider what minimum confinement that may be allowed in 
certa in circumstances. Work done in thi s field did show various considerati ons of the process of fl y 
rock generation. Considering fl y rock predictions will a lso require that spec ific "calibration" must 
be done at the specific s ite. The blast layout, geology, explosives, stemming material etc. will all 
playa specific role in the prediction of fl y rock and needs to be tested for. 
Prediction considered is based on the areas where fl y rock may orig inate from in the blasting 
process: Face Burst, Crateri ng and Stemming ejection. 
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Research as done by Richards, Moore has shown the following equations. The following equations 
will be applied: 

Equation 3: Face Burst 

_ k2 (..fITi)2.6 
L--x -

g B 
Equation 4: Cratering 

k2 (~2'6 L=-x -
g SH 

Equation 5: Stemming Ejection 

Where: 
e 
L 
m 
B 
SH 
g 
k 

L _ k2 (..fITi)2.6 - g x SH x sin 2 e 

= Drill hole ang le 
= Maximum Throw (m) 
= Charge mass / m (kg/m) 
= Burden (m) 
= Stemming height (m) 
= Gravitationa l constant 
= Factor value 

The Richards & Moore research has shown that a factor applicable for the above equat ion ranges 
between 13.5 for a coa l environment and 27 for a hard rock environment. Figure 9 below shows the 
relat ionship burden or stemming length towards expected throw distance. Throw distance 
considered here on the same level as the free face . Landing leve l of elements lower than free face 
cou ld see longer distances. Optimal throw distance is also observed at 45 degree angles of 
departure . 

(Intentionally Left Open) 
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Turquoise Moon- Fly Rock 
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Face burdens are as important to prevent fl y rock as proper stemming control s. There is direct 
re lationship between blast free face burden and probability of fl y rock fro m the face. A further 
equati on can be used for ensuring the face burden is not insuffic ient. Applying equati on 6 and the 
sca led burden is not less than O.7 mJ/2kg-1/2 it is not expected to have fl y rock from the face . 

Equation 6: Sca led burden 

Where : 
Bs 
Me 
B 

= Scaled Burden (mJl2kg-1/2) 
= Charge mass / m (kg/m) 
= Burden (m) 

Bs= (~) 

Table 8 below shows the re lationship of face burdens on the sca led burden and gives indicati on of 
which scaled burdens are problematic for the typica l des igns used in th is report. 

Table 8: Relati onship between face burden and sca led burden. 

Scaled Burden (m312 kg·'12) 0.59 0.70 0.82 0.84 0.94 1.06 

Min . Face Burden (m) 2.5 3 3.5 3.6 4 4.5 

Red: Problemati c areas 
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6.3.3 Impact of fly rock 

The occurrence of fl y rock in any form will have impact if found to travel outside the safe 
boundary. Thi s safe boundary may be anything between 10 m or 500m. If a road or structure or 
people or animals are closer than 500m from a blast irrespective of the poss ibility of fl y rock or not 
precaut ions should be taken to stop the traffi c, remove people or animals for the period of the blast. 
Fact is fl y rock will cause damage to the road, vehic les or even death to people or animals. 

6.4 Noxious Fumes 

Explosives currently used are required to be oxygen balanced. Oxygen balance refers to the 
stoichiometry of the chemical reaction and the nature of gases produced from the detonation of the 
explos ives. The creation of poisonous fumes such as nitrous ox ides and carbon monoxide are 
part icular undes irable. These fumes present themselves as red brown cloud aft er the blast 
detonated. It has been reported that 10 to 20 ppm has been mildly irritating. Ex posure to 150 ppm or 
more (no time peri od given) has been reported to cause death from pulmonary edema. It has been 
predi cted that 50% lethality would occur fo llowing exposure to 174 ppm for I hour. Anybody 
exposed must be taken to hospital for proper treatment. 

6.4 .1 Causes 

Factors contributing to undesirable fumes are typica lly: poor quality control on explosive 
manufacture, damage to explosive, lack of confinement, insuffic ient charge di ameter, excessive 
sleep time, and specifi c types of ground can also contribute to fumes. 

Poor quality contro l on explosives will yield improper balance of the explosive product. Thi s is 
typica lly in the form of too little or too much fuel o il or incorrect quantities of additi ves to the 
mi xtu re. Improper quality will cause break down on the explos ives product that may result in poor 
performance. A "burning" may occur that increases the probabili ty of fumes in the form of NO and 
N02. 

Damage to explos ives occur when deep blasthole are charged from the top of the hole and literally 
fa ll into the hole and get damage at the bottom. The bottom is normall y the point of initi ati on and 
damaged explos ives will not initi ate properly. A slow reacti on to detonation is forced and aga in 
contributes negat ive ly to the ex plosives perfo rmance and fume creating capab ility. 

Studies showed that inadvertent emulsion mi xture with drill cuttings can also be a significant 
contributing factor to NOx production. The NO production fro m the detonation of emulsion equally 
mixed (by mass) with drill cuttings increased by a fac tor of 2.7 over that of emulsion alone. The 
correspondi ng N02 producti on increased by factor of 9 while detonation propagated at a steady 
Ve locity of Detonation. 

Water also has visible effect on the generation of fumes from emulsion ex plos ives. Tests have 
shown that the detonation velocity may not be influenced as much but the vo lumes of fumes 
generated were significantly higher. 

Further is al so known that fo r certain ground types, espec ially the ox idized type materia ls could 
have an advert effect on explos ives as we ll. These ground materials types tends to react with the 
ex plosives and causes more than ex pected fumes. 
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Drill diameter is a lso contributing factor to explosive perfo rmance and the subsequent generation of 
fumes. Explos ives are diameter dependant for optimal performance. If di ameter is too small for a 
spec ific product improper detonation will occur and may result in a burning of the product rather 
than detonation. This will have an adverse effect of more fumes created. Each explos ive product has 
a criti cal diameter. It is the sma llest d iameter where failure to detonate properly occurs. ANFO 
blends are normally not good for small diameter blastholes and emulsion explos ives can be sued in 
the smaller di ameter blastho les. 

6.4.2 Control 

Control actions on fumes will include the use the proper qua lity explosives and proper loading 
conditions. Quality assurance will need to be achieved fro m the supplier with quality checks on 
explosives from time to time. Further action is to preva il fro m loading blastholes at long periods 
prior to blasting. Excessive s leeping of charged blastholes will add to fumes generati on and should 
be prevented. Additional measures could include placing stemming plugs at the bottom of the hole 
and loading emulsion from the bottom up will excluded mi xing of drill chippings with the 
explosives in initiation area . The checking of blastholes fo r water will ensure that chargi ng crew 
charges blasthole from the bottom (which should be a standard practise) and di splaces the water. 
Thi s will also ensure proper initi ati on of the blasthole. 

6.5 Vibration impact on provincial and national roads 

The influence of ground vibration on tarred roads are expected when levels is in the order of 150 
mm/s and greater. Or when there is actual movement of ground when blast ing is done to close to the 
road or subsidence is caused due to blasting operati ons. Normally 100 blasthole diameters are a 
minimum di stance between structure and blasthole to prevent any cracks being fo rmed into the 
surrounds of a blasthole. Crack forming is not restricted to thi s di stance. Improper tim ing 
arrangements may al so cause excessive back break and cracks further than expected. Fact remain 
that blasting must be controlled in the vi cinity of roads. Air blast does not have influence on ai r 
blast by virtue of the type of structure. There is no record of influence on grave l roads due to ground 
vibrati on. The only time damage can be induced is when blasting is done next to the road and there 
is movement of ground . Fly rock will have greater influence on the road as damage from fall ing 
debri s may impact on the road surface if no control on fl y rock is considered. 

6.6 Vibration will upset adjacent communities 

The effects of ground vibration and air blast will have influence on people. These effects tend to 
create noises on structures in various forms and people react to these occurrences even at low 
leve ls. As with human perception given above - people will experience ground vibration at very 
low levels. These leve ls are well below damage capabil ity for most structures. 
Much work has a lso been done in the fi eld of publ ic re lations in the mining industry. Most probably 
one aspect that stands out is " Promote good neighbour ship". Thi s is achieved through 
communication and more communicati on with the neighbours. Consider their concerns and address 
III a proper manner. 

The first leve l of good practice is to avo id unnecessary problems. One problem that can be reduced 
is the public's reaction to blasting. Concern for a person's home, particul arly where they own it, 
could be reduced by a scheme of precautionary, compensatory and other measures which offer 
guaranteed remedies without undue argument or excuse. 
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In general it is also in an operator's financial interests not to blast where there is a viable alternative. 
Where there is a possibility of avoiding blasting, perhaps through new technology, thi s should be 
carefully considered in the light of environmental pressures. Historical precedent may not be a 
helpful guide to an appropriate deci sion. 

Independent structural surveys are one way of ensuring good neighbour ship. There is a part of 
inherent difficulty in using surveys as the interpretation of changes in crack patterns that occur may 
be misunderstood. Cracks open and close with the seasonal changes of temperature, humidity and 
drainage, and numbers increase as buildings age. Additiona l actions need to be done in order to 
supplement the surveys as well. 

The means of controlling ground vibration, overpressure and fly rock have many features in 
common and are used by the better operators. It is said that many of the practices also aid cost
effective product ion. Together these introduce a tighter regime which should reduce the incidence 
of fly rock and unusually high levels of ground vibration and overpressure. The measures include 
the need for the following: 

• Correct blast design is essentia l and should include a survey of the face profile prior to 
design, ensuring appropriate burden to avoid over-confinement of charges which may 
increase vibration by a factor of two, 

• The setting-out and drilling of blasts should be as accurate as possible and the drilled holes 
shou ld be surveyed for deviation along their lengths and, if necessa ry, the blast design 
adjusted, 

• Correct charging is obviously vital , and if free poured bulk explosive is used, its ri se during 
loading should be checked. This is espec ially important in fragmented ground to avo id 
accidental overcharg ing, 

• Correct stemming will help control ai r blast and fl y rock and will also aid the control of 
ground vibration. Controlling the length of the stemming column is important; too short and 
premature ejection occurs, too long and there can be excessive confinement and poor 
fragmentation. The length of the stemming column will depend on the diameter of the hole 
and the type of material being used, 

• Monitoring of blasting and re-optimising the blasting design in the light of results, changing 
conditions and ex perience should be carried out as standard. 

6.7 Cracking of houses and consequent devaluation 

Houses in general have cracks. It is reported that a house could develop up to 15 cracks a year. 
Ground vibration will be mostly responsible for cracks in stTuctures if high enough and cont inued 
hi gh levels. The influences of environmental forces such as temperature, water, wind etc . are more 
reason for cracks that have developed. Visual results of actual damage due to blasting operations are 
limited. There are cases where it did occur and a result is shown in Figure 10 below. 
Figure 10: Example of blast induced damage . A typical X crack formations is observed. 
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Observ ing cracks of thi s form on a structure will certainl y influence the va lue as structu ra l damage 
has occurred. The presence of general vertica l cracks or horizontal cracks that are fo und in all 
structures does not need to ind icate devaluation due to blasting operati ons but rather deva luation 
due to construction, bui lding material, age, standards of building applied. Proper building standards 
are not always applied or e lse stated was not al ways applied in the country side when houses were 
bu ilt. Thus damage in the form of cracks will be present. Exact costing of deva luati on for norma l 
cracks observed is difficult to estimate. A property va luator will be required fo r th is and I do beli eve 
that property va lue will include the total property and not just the house alone. Mining operations 
may not have influence to change the status quo of any property . 

6.8 Water well Influence from Blasting Activities 

The exact quantity and location of water we ll s on and around the s ite is not known yet to the author. 
The author has not had much ex perience on the effect of blasting on water we ll s but spec ific 
research was done and results fro m this research work are presented. 

Case I looked at 36 case hi stori es. Vi bration leve ls up 50mm/s were measured. The we ll yield and 
aqui fe r storage improved as the mining neared the we ll s, because of the opening of the fractures 
fro m loss of lateral confinement, not blasting. Thi s is similar to how stress-re lief fractures form. At 
one site the process was reversed after the mine was backfill ed. It was more likely the fractures 
were recompressed. It was stated that blasting may cause some temporary (transient) turbidity 
similar to those events that cause tu rbidity without blasting. 
Such as : 
I . Natural sloughing off inside o f the we ll bore due to inherent rock instabil ity. This can be 

accelerated by frequent over pumping. This is common to we ll s completed through considerable 
thickness of poorl y conso lidated andlor highly fractured clay stones and shale ' s. 

2. Significant rain fa ll events. The apertures of the shallow fractures that are intersected by a 
domestic well are commonly highly trans missive, thus w ill transmit substanti al amounts of 
shall ow flowing and rapidly recharging water. This water will commonly be turbid and can enter 
the we ll in hi gh vo lumes. The lack of grouting of the nea r surface casing commonly all ows thi s 
to happen. Also, if the top of the we ll is not grouted properl y surface water can enter along the 
side of the cas ing and flow down the annulus. 
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The Berger Study observed ground-water impacts from manmade stress-release caused the rock 
mass removal during min ing, but nothing fro m the blasting. The water quali ty and water levels were 
unaffected by the blasting. The "opening up" of the fractures lowered the ground-water levels by 
increasing the storage or poros ity. 

A study tested well s SOm from a blast. We ll s exhibited no quality or quantity impacts. Blast 
pressure surges ranged from 3 to IOcm. Blasting caused no noti ceable water table fluctuations and 
the hydrauli c conducti vity was unchanged. The pumping of the pit and encroachment of the high 
wa ll toward the well s dewatered the water table aquifer. 

It may then be concluded from the studies researched as fo llows: Depending on the well 
constructi on, litho logic units encountered, and proximity to the blasting, it is believed that large 
shots could act as a catalyst for some well sloughing or collapse. However, the well would have to 
be inherently weak to begin with . The small to moderate shots will not show to impact well s. The 
minor water fluctuati ons attributed to blasting may cause a short term turbidity problem, but do not 
pose any long term problems. Thi s fluctuation would not cause well collapse, as fluctuations from 
recharge and pumping occurs frequently. Long term changes to the well yield are more likely due to 
the opening of fractu res from loss of lateral confinement. Short term dewatering of well s is caused 
by the opening of the fractures creating additi onal storage. A longer term dewatering is caused by 
encroachment of the high wall and pumping of the pit water. The pit acts like a large pumping well. 
It is not believed that long term water quali ty problems will be caused by blasting alone. The 
poss ible exception is the introduction of residua l nitrates, from the blasting material s, into the 
ground water system. This is only poss ible through wells that are hydro logica ll y connected to a 
blasting site. Most of the long term impacts on water quality are due to the mining (the breakup of 
the rocks) . The influence will also be dependant if we lls are beneath the excavation. Stress relief 
effects occur at shorter di stances in thi s instance. 

The results observed and levels recorded during research done showed that leve ls up to SOmm/s or 
even higher in certain cases did not have any noticeable effect. It seems that sa fe conditions will be 
in the order of the SOmm/s. In addition to thi s there are certain aspects that will need to be addressed 
prior to blasting operations. 

7 Site specific review and modelling of the various aspects from blasting operations: 

The area surrounding the proposed mining areas was rev iewed fo r structures, traffic, roads, human 
interface, animals interface etc. Various insta llations and structures were observed. These are listed 
in Table I. Thi s section concentrates on the outcome of modelling the possible effects of ground 
vibration, air blast and fly rock specifica lly to these points of interest or poss ible interfaces . Poss ible 
effects of blasting operations are presented here. In evaluation three charge mass scenari os are 
considered with regards to ground vibrati on and air blast. The blast designs considered showed that 
the poss ible charges per delay expected range between 138 and 828kg. A single blasthole from 
waste blast will yield 138kg charge, 4 blastholes detonat ing simultaneously from the waste blast 
will yield SS2kg hard and six blastholes will yield 828kg. Single blasthole detonation and multiple 
blasthole detonation is achieved through the use of different initiation technologies i.e. shock tube 
or electronic delay detonators. 

Ground vibrati on and air blast was calculated fro m the edge of the pit outline and modelled 
accordingly. Blasting further away from the pit edge will certainly have lesser influence on the 
surroundings. A worst case is then appl icable with ca lcul ati on from pit edge. As explained 
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previously reference is only made to some structures and these references covers the extent of al l 
structures surrounding the mine. 

The following aspects with comments are addressed for each of the evaluations done: 
Ground Vibration Modelling Results 
Ground Vibration and human perception 
Vibration impact on national and provincial road 
Vibration wi II upset adjacent communities 
Cracking of houses and consequent devaluation 
Air blast Modelling Results 
Impact of fly rock 
Noxious fumes Influence Results 

Please note that thi s analysis does not take geo logy, topography or actua l final drill and blast pattern 
into account. The data is based on good practise app lied internationally and considered very good 
estimates based on the information provided and supplied in this document. 

7.1 Review of expected ground vibration 

Presented herewith are the expected ground vibration level contours. Discuss ion of level of ground 
vibration and relevant influences is also given. Expected ground vibration levels were calculated for 
each of the structure locations or POI ' s considered surrounding the mining area. Eva luation is given 
for each POI with regards to human perception and structure concern. Eva luation is done in form of 
the criteria what humans experience and where by structures could be damaged. This is according to 
accepted criteria for prevention of damage to structures and when levels are low enough to havc no 
significant influence. Tables are prov ided for each of the different charge modelling done with 
regards to No. , Structure, Shortest Distance (m), Max Charge, Predicted PPV (mm/s) , and Poss ible 
Concern. The No." is only number order. "Structure" is descripti on of the structure. The "Shortest 
Distance" is the distance between the structure and edge of the pit area. The " Max Charge" is the 
charge size in kg used for the specific modelling or calcu lations. The "Predicted PPV (mm/s)" is the 
calculated ground vibration for the structure and the "possible concell1" indicates if there is any 
concern for structure damage or not or human perception. Indicators used are such as "perceptible", 
"unpleasant" , "intolerable" which stems from the humans perception information given and 
indicators such as "high" or " low" is given whereby there is poss ibility of damage to a structure or 
no significant influence is expected and concern is low. Levels below 0.76 mmls could be 
considered as to be low or negligible possibility of influence. 

Ground vibration is ca lculated and modelled for minimum, medium and maximum charge mass at 
specific di stances from the opencast mining area. These levels are then ploned and overlaid with 
current mining plans to observe possible influences at structures identified. Structures or POI 's for 
consideration are also ploned in thi s model. Ground vibration predictions were done considering 
di stances ranging from 50 to 3500m around the opencast mining area. 

Provided as well with each simulation are indicators of the ground vibration limits used: 6, 12.5 and 
25mm/s. 6 mm/s is indicated as a "Solid Blue" line, 12.5mm/s " Intermittent Blue" line and 25mm/s 
as a " Intermittent Red" line. This enables immediate review of possible concerns that may be 
applicable to any of the privately owned structures, social gathering areas or installat ions. 
Consideration can also then be given to influence on sensitive installations within the mine 
boundary. 
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Data is prov ided as follows: Vibrati on contours followed by table wi th predicted ground vibration 
values and eva luation. 

7.2 Calculated Ground Vibration Levels 

Presented are simulations fo r expected ground vibration levels from three different charge masses. 
The outcome of the simulation from minimum charge is presented in Figure II ; Figure 12 shows 
zoomed area of fig ure II , medium charge in Figure 13 and max imum charge in Figure 14 below. 
The ex pected leve l fo r each of the identifi ed structures, possible influence and concern is also 
considered and presented di rectly after each vibrat ion contour is the fu llowing tables Table 9, Table 
10 and Table 12 below. 
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Table 9: G . ~ ~ .. ~ .. ~.-~ . ~ .. _. -. ~.~ .. ", .. . "' . ..... .. .. . ~ .... _ .. _. -d vib f, h 
Specific 

Distance 
Predicted Human Structu re Structure 

Owner T ag Description Limit 
(01) 

PPY Tolerance Response Response 
(mm/s) (mOIls) @ 30Hz @ IOHz @ 30Hz 

Private I Farmstead 25 1873 0.3 Too Low Acceptable Acceptable 
Private 2 Dam 25 3175 0.1 Too Low Acceptable Acceptable 

Private 3 Farmstead 25 3433 0.1 Too Low Acceptable Accel'table 
Private 4 Dam 25 3436 0.1 Too Low Acceptable Acceptable 
Private 5 Dam 25 2324 0.2 Too Low Acceptable Acceptable 

Private 6 Dam 25 3279 0.1 Too Low Acceptable Acceptable 

Private 7 Waterhole 25 2736 0.1 Too Low Acceptable Acceptable 
Private 8 Hut 25 2863 0. 1 Too Low Acceptable Acceptable 

Private 9 Dam 25 2996 0.1 Too Low Acceptable Acceptable 

Private 10 \Vaterhole 25 3159 0. 1 Too Low Acceptable Acceptable 

Private I I Dam 25 3189 0. 1 Too Low Acceptable Acceptable 

Pri vate 12 Dam 25 3097 0.1 Too Low Acceptable Acceptable 
Private 13 Hut 25 3138 0.1 Too Low Acceptable Acceptable 

Private 14 Farmstead 25 3054 0. 1 Too Low Acceptable Acceptable 
Private IS Ruins 25 336 1 0.1 Too Low Acceptable Acceptable 
Private 16 Fannstead 25 644 1.5 Perceptible Acceptable Acceptable 

Private 17 Dam 25 787 1.1 Perceptible Acceptable Acceptable 
Private 18 1-1 istorical House 25 lOSS 0.7 Too Low Acceptable Acceptable 

Mi ne 19 Tail inos dam 25 1145 0.6 Too Low Acceptable Acceptable 

Mine 20 Stockpile 25 250 7.4 Unpleasant Acceptable Acceptable 
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Plant Acceptable Acceptable 

Offices Acceptable Acceptable 
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Figure 13: Gro und vibrati on influence from medium charge 

o r. . - _.- . _ . -- -_ .. - .. - -_ . . - . . _ . _ . __ .. _ ... _- . .. __ . _ . .. _ . . _. -
Specific 

Distance 
Predicted Human Structure Structure 

Owner Tag Description Limit 
(01) 

PPV Tolerance Response Response 
(mOIls) (millis) @ 30Uz @ IOUz @ 30Uz 

Private I Farmstead 25 1873 0,8 Perceptible Acceptable Acceptable 

Pri vate 2 Dam 25 3175 0.3 Too Low Acceptable Acceptable 

Private 3 Farmstead 25 3433 0.3 Too Low Acceptable Acceptable 

Private 4 Dam 25 3436 0.3 Too Low Acceptab le Acceptable 

Private 5 Dam 25 2324 0,6 Too Low Acceptable Acceptable 

Pri vate 6 Dam 25 3279 0.3 Too Low Acceptabl e Acceptable 

Pri vate 7 Waterhole 25 2736 0.4 Too Low Acceptable Acceptab le 
Private 8 Hut 25 2863 0.4 Too Low Acceptable Acceptable 

Private 9 Dam 25 2996 0.4 Too Low Acceptable Acceptable 

Private 10 Waterhole 25 3159 0.4 Too Low Acceptab le Acceptable 

Private II Dam 25 3189 0,3 Too Low Acceptable Acceptable 

Private 12 Dam 25 3097 0.4 Too Low Acceptable Acceptable 
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Private 13 Hut 25 3138 0.4 Too Low Acceptable Acceptable 

Private 14 Farmstead 25 3054 0.4 Too Low Acceptable Acceptable 

Private 15 Ruins 25 336 1 0.3 Too Low Acceptable Acceptable 

Private 16 Fannstead 25 644 4.8 Perceptible Acceptable Acceptable 
Private 17 Dam 25 787 3.5 Perceptible Acceptable Acceptable 

Private 18 Historical House 25 1055 2.1 Perceptible Acceptable Acceptable 
Mine 19 Tail ings dam 25 11 45 1.9 Perceptible Acceptable Acceptable 
Mine 20 Stockpi le 25 250 23 .1 Into lerable Acceptable Acceptable 

Mine 21 Plant 25 613 5.3 Perceptible Acceptable Acceptable 
Mine 22 Offices 25 749 3.8 Perceptible Acceptable Acceptable 

(Intentiona lly left open) 
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Tabl G d vib fe _ __ _ '-' • ,. '-' ....... 11' ..... ' V ...... , V Il .................. .... ... .... ............ , ,, ..... .. ....... L .. O .... 

Specific 
Distance 

Predicted Human Structure Structure 
Owner Tag Description Limit 

(m) 
PPV Tolerance Response Response 

(mOlls) (mOlls) @ 30Hz @ IOHz @ 30Hz 
Private I Farmstead 25 1873 1.2 Perceptible Acceptable Acceptable 

Private 2 Dam 25 3175 0.5 Too Low Acceptable Acceptable 

Private 3 Farmstead 25 3433 0.4 Too Low Acceptable Acceptable 

Private 4 Dam 25 3436 0.4 Too Low Acceptable Acceptable 

Private 5 Dam 25 2324 0.8 Perceptible Acceptable Acceptable 

Private 6 Dam 25 3279 0.5 Too Low Acceptable Acceptable 
Private 7 Waterhole 25 2736 0.6 Too Low Acceptable Acceptable 

Private 8 Hut 25 2863 0.6 Too Low Acceptable Acceptable 

Private 9 Dam 25 2996 0.5 Too Low Acceptable Acceptable 

Private 10 Waterhole 25 3159 0.5 Too Low Acceptable Acceptable 

Private II Dam 25 3189 0.5 Too Low Acceptable Acceptab le 

Private 12 Dam 25 3097 0.5 Too Low Acceptable Acceptable 

Private 13 Hut 25 3138 0.5 Too Low Acceptab le Acceptable 

Private 14 Farmstead 25 3054 0.5 Too Low Acceptable Acceptable 

Private 15 Ruins 25 336 1 0.4 Too Low Acceptable Acceptab le 

Private 16 Fannstead 25 644 6.8 Unpleasant Acceptable Acceptable 

Private 17 Dam 25 787 4.9 Perceptible Acceptable Acceptable 

Private 18 Historical House 25 1055 3.0 Perceptible Acceptable Acceptable 

Mi ne 19 Tailings dam 25 1145 2.6 Perceptible Acceptab le Acceptable 

Mine 20 Stockpile 25 250 32.3 Into lerable Problematic Problematic 

Mine 21 Plant 25 613 7.3 Unpleasant Acceptable Acceptable 

Mine 22 Offices 25 749 5.3 Percept ible Acceptable Acceptable 

7.3 Summary of ground vibration levels 

Hi gh li ghted areas in the tab les above indicate areas of concern for both human perception and 
structure integrity. If leve ls indicate human perception as intolerable and I or problematic for 
structures then it is considered a seri ous concern and needs mitigation. The maxi mum charge on ly is 
expected to yield levels that could be experienced as unpleasant at one private farmstead and as 
perceptible at two other privately owned farm stead and dam. The POI 's of concern here is 1, 5 and 
16. Levels expected are well below the minimum safe leve l used in this report. The mine structures 
wi ll be innuence more than that of privately owned structures. The hi storica l house ind icated at 
point 18 is expected not to be severely innuence. The max imum leve l of ground vibrati on expected 
from maximum cha rge is 3.0mm/s. This is we ll within limits for hi storica l s ites. 

7.4 Ground Vibration and human perception 

Considering the effect of gro und vibration with regards to human perception, vibration levels 
ca lcu lated were app li ed to various frequencies and plotted with expected human perceptions on the 
safe blasting cr iteria graph (See Figure 15 below). On the graph are indicators of the effect of 
vibration amplitude at various distances for three specific frequenc ies 15, 30 and 60 Hz. The 
frequency range se lected is the expected ra nge for frequencies that will be measured for ground 
vibration. 

Review of the max imum charge in re lation to human perception it is seen that 2500m from the blast 
people will experi ence the ground vibration as "Perceptible ". At 2500m the expected ground 
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vibration levels are still less than the lower safe blasting limit - less than 12.5mm/s but w ill be 
experienced by people as "unpleasal1l ". At distance of 400m and closer there is strong indication 
that people wi ll experience the ground vibration as ;; Intolerable ". Distances closer than 300m will 
exceed the minimum indicated or proposed safe limits and people will experience these levels more 
severe. Figure 15 below shows this effect of ground vibration with regards to human perception for 
maximum charge. 

Turquoise Moon Project 
Ground Vibration Limits & Human Perception 

1000 I I15H' I 30H, I 60H, Above Umil Zone 
Vibration Vibration Vibration 
levels levels levels 
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'- 1:-~ «'> ---------- ----------- : -------f 10 t-~ ? 5 ~ : i Unp'."." : oom 
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Safe Blasting Zone 

0.1 ~I--------------------~------------__ --------~----------------------__" 
10 

Frequency (Hz) 
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Figure 15: The Effect of Ground Vibration with Regards to Human Perception plotted with the 
criteria for sa fe blasting at the highest charge mass applied. 

7.5 Vibration impact on roads 

The project area is approximately 6km south of the nearest national road - N I I . The closest road is 
the DI347 secondary road. This road will be re-rout around the mining are taking well away from 
possible impact. There is currently no real possible danger or impact on these roads. 

7.6 Vibration will upset adjacent communities 

Ground vibration and air blast generally upset communities or people living in the VICinity of 
mining operations. There are houses that wi ll be less than IOOOm from the pit edge that wi ll need to 
be considered. Leve ls at these structures are expected to be low but could sti ll be unpleasant and 
such that it cou ld upset the occupants of neighbouring farms. Further to this is that people 's 
perception stretches significantly further into the area and will need to be cons idered. 

Much work has a lso been done in the field of public relations in the mining industry. Most probably 
one aspect that stands out is " Promote good neighbour ship" . This is achieved through 
communication and more communication with the neighbours. Consider their concernS and address 
in a proper manner. 
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The first level of good practice is to avoid unnecessary problems. One problem that can be reduced 
is the public's reaction to blasting. Concern for a person's home, particularly where they own it, 
could be reduced by a scheme of precautionary, compensatory and other measures which offer 
guaranteed remedies without undue argument or excuse. 

Independent structural surveys are one way of ensuring good neighbour shi p. There is a part of 
inherent difficulty in using surveys as the interpretation of changes in crack patterns that occur may 
be misunderstood. Cracks open and close with the seasonal changes of temperature, humidity and 
drainage, and numbers increase as buildings age. Additiona l act ions need to be done in order to 
supplement the surveys as well. 

The means of controlling ground vibration, overpressure and fly rock have many features in 
common and are used by the better operators. It is sa id that many of the practices also aid cost
effecti ve production. Together these introduce a tighter regime which should reduce the incidence 
of fl y rock and unusually high levels of ground vibration and overpressure. 

7.7 Borehole collapse / Muddying and pollution of borehole water 

Specific private boreholes were not observed on plans or information prov ided. There are however 
expected to be water we lls in the area. It is uncerta in if these are fed from streams or fountains. A 
detail li st should however be constructed of boreholes and the distances checked for possible 
influence. Boreholes should not be closer than 200m from blasting operations when maximum 
charge is considered. At 200m levels expected is 46.6mm/s. If there water monitoring holes inside 
the mine boundary it does have ri sk of being damaged to due to close prox imity to the actua l pit 
area. 

7.8 Air blast 

The effect of ai r blast, if not contro lled properly, is in my opinion a factor that could be 
problematic. Maybe not in the sense of damage being induced but rather havi ng an impact - even at 
low levels of roofs and windows that cou ld result in complaints from people. In more than one case 
thi s effect is misunderstood and people consider this effect as being ground vibrat ion and damaging 
to their house structures. Section 5 gives deta il on the se lection of the charges sizes applied. 

As with ground vibration evaluation is given for each structure with regards to the calcu lated levels 
of air blast and concerns if appl icab le. Evaluation is done in form of the criteria what humans 
experience and where by structures cou ld be damaged. This is according to accepted criteria for 
prevention of damage to structures and when levels are low enough to have no significant influence. 
Tab les provided with each of different charge modelling shows informati on with regards to No., 
Structure, Shortest Distance (m), Max Charge, Air blast (dB), and Possible Concern. The No." 
is on ly number order. "Structure" is description of the structure. The " Shortest Distance" is the 
di stance between the structure and edge of the pit area. The " Max Charge" is the charge size in kg 
used for the speci fic modelling or calcu lat ions. The "A ir Blast (dB)" is the calculated air blast level 
at the structure and the " poss ible concern" indicates if there is any concern for structure damage or 
not or human perception. Indicators used are " Problematic" where there is rea l concern for poss ible 
damage, "Complaint" where people will be compla ining due to the experienced effect on structures 
- not necessarily damaging, "Acceptable" is if levels are less than 120 dB and low where there is 
very limited poss ibil ity that the levels wi ll g ive ri se to any influence on people or structures. Leve ls 
below 115dB could be considered as to be low or negligible possibili ty of influence. 
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Table 12 shows that the app lied limits and recommended leve ls for each of the charges considered. 
The ma ximum charge may exceed limits at di stances 200m. The recommended limit of 120dB is 
observed at distances greater 700m. These d istances are reduced to 150m for the medium charge 
allowed limit and 600m for recommended limit. Further reduction to 100m for the smallest charge 
a llowed limit and 400m for the recommended limit. 

Tab le 12 : Expected air blast leve ls 

Presented herewith are the expected air blast level contours. Discussion of level of a ir blast and 
relevant influences are also g iven for the pit area. Air blast was ca lculated and modelled from the 
boundary for minimum, medium and maximum charge mass at specific di stances fro m each of the 
pit areas. Thi s means that air blast is taken from the edge - the most outer point of the pit area on 
plan as if it would be the closest place where drilling and blasting will be done to the area of 
influence. The calculated levels are then plotted and overlaid with current mining plans to observe 
poss ible influences at POI ' s identified . Air blast predictions were done considering di stances 
ranging from 50 to 3500m around the open cast mining area . 

7.9 Review of expected air blast 

Presented are simulat ions for expected air blast levels from three d iffe rent charge masses. 
Minimum, medium and maximum charge eva luations are shown in the figures below and summary 
table of outcome given after each charge configuration air blast contour. 

(Intentionally Left Open) 
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Figure 16: Air blast in fluence from minimum charge 

Table 13 . bl fe h _ . --- - -- - - - . _ --- - --- -- -- - . ------- ------ - -- - -

Owner Tag Description Distance (01) 

Private 1 Farm stead 1873 
Private 2 Dam 3 175 
Private 3 Fannstead 3433 
Private 4 Dam 3436 
Private 5 Dam 2324 
Pri vate 6 Dam 3279 
Private 7 Waterhole 2736 
Private 8 Hut 2863 
Pri vate 9 Dam 2996 
Private 10 Wate rhole 3 159 
Private II Dam 3 189 

Private 12 Dam 3097 
Private 13 Hut 3138 
Private 14 Famlstead 3054 
Private 15 Ruins 33 61 
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Private 16 Farmstead 644 114.7 Acceptable 
Private 17 Dam 787 11 2.6 Acceptabl e 
Private 18 Historical House 1055 109.6 Acceptable 
Mine 19 Tailings dam 1145 108.7 Acceptable 
Mine 20 Stockpile 250 124.6 Complaint 
Mine 21 Pl ant 613 115.2 Acceptable 
Mine 22 Offices 749 11 3. 1 Acceptable 
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Figure 17: A ir blast influence from medium charge 

Tab le 14: Air blast eva luation for med ium charge 

Owner Tag Description Distance (81) Air blast (dB) Possible Concern? 

Private I Fann stead 1873 108.4 Acceptable 
Private 2 Dam 3175 102.9 Acceptable 
Private 3 Fannstead 3433 102. 1 Acceptable 
Private 4 Dam 3436 102. 1 Acceptable 
Private 5 Dam 2324 106. 1 Acceptable 
Private 6 Dam 3279 102.6 Acceptable 

. -
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Figure 18: Air blast in fluence from maximum charge 
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Table 15: Air blast evaluati on for max imum charge 

Owner Tag Description Distance (01) Air blast (dB) Possible Concern? 

Private I Farmstead 1873 109 .8 Acceptab le 

Private 2 Dam 3 175 104.3 Acceptable 

Private 3 Farmstead 3433 103.5 Acceptab le 

Private 4 Dam 3436 103.5 Acceptab le 

Private 5 Dam 2324 107.6 Acceptable 

Private 6 Dam 3279 104.0 Acceptable 

Private 7 Waterho le 2736 105 .9 Acceptab le 

Private 8 Hut 2863 105.4 Acceptable 

Private 9 Dam 2996 104.9 Acceptab le 

Private 10 Waterhole 3 159 104.4 Acceptab le 

Private II Dam 3 189 104.3 Acceptable 

Private 12 Dam 3097 104.6 Acceptab le 

Private 13 Hut 3138 104.4 Acceptab le 

Private 14 Fannstead 3054 104.7 Acceptable 

Private 15 Ruins 3361 103. 7 Acceptable 

Private 16 Famlstead 644 120.9 Complaint 

Private 17 Dam 787 11 8 .8 Acceptable 

Private 18 Historical Ho use 1055 11 5.8 Acceptab le 

Mine 19 Tai lings dam 11 45 11 4.9 Acceptable 

Mine 20 Stockpi le 250 130.8 Co mplaint 

Mine 2 1 Plant 613 12 1.4 Complaint 

M ine 22 Offices 749 11 9.4 Acceptable 

7.10 Summary of findings for air blast 

Rev iew of the air blast leve ls it is expected that levels will only of concern at the nea rest privatel y 
owned structure for the maximum charge only. This structure at POI 16 is 644 m from edge. Leve ls 
are such that it could possibly have a nui sance effect levels expected are less than damaging criteri a. 
The rest of the area is expected to experience signifi cantly less effect from air blast. There is 
however still a significant responsibility on the drill ing and blasting team to ensure that levels are 
maintained below damag ing criteri a and also below recommended levels. 

7.11 Fly-rock Modelling Results and Impact of fly rock 

Rev iew of the factors that contribute to fl y rock it is certain that if no stemming control is exerted 
there will be fl y rock. Possible reduction of stemming length to 2m fo r the blast configurati on 
applied could see fl y rock up to 530m poss ible trave l fo r hard rock materia l. This distance is slightly 
short of the nearest fann structures but not pri vate land . Figure 19 below shows the relationship 
burden or stemm ing length towards expected throw di stance. Throw di stance considered here on the 
same leve l as the free face. Landing level of e lements lower than free face could see longer 
di sta nces. Optimal throw di stance is also observed at 45 degree angles of departure. The maximum 
di stance travel of 53 Om is just greater than the normal safe blasting clearance area . It is expected 
that no person or an imal should be present in this area and thus the possibility of injury al so 
reduced. Concern is a lso for mine structures inside the mining area. Mine structures could be 
damaged and have a costs effect. Carefu l anention must be given to stemming control to ensure that 
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fl y rock minimi sed as much as poss ible. Specific attent ion wi ll be requ ired for blasting at di stances 
closer than 500 m from su rrounding structures. 

Turquoise Moon- Fly Rock 
Maximum Throw Distance vs Burden/Stemming Height 
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Figure 19: Predicted Fly rock 
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7.12 Noxious fumes Influence Results 

••• ' .6 ••• 

The occurrence of fumes in the form the NOx gaseous format is not a given and very dependent on 
various factors. However the occurrences of fumes should be closely monitored. It is not assumed 
that fume wi ll travel to any part nearby farm stead but again if anybody is present in the path of 
cloud travel it could be problematic. 

8 Potential Environmental Impact Assessment 

Following is impact assessment of the various concerns covered by this report. The matrix below in 
Table 16 was used for analysis and eva luation of aspects d iscussed in th is report. Outcome of 
ana lysis is provided in Table 17 for pre- and post-mitigation. This risk assessment is a one side 
ana lysis and needs to be discussed with role players in order to obta in a proper outcome and 
mitigation. 

Table 16: Eva luation matrix criteri a 

Magl/iwde: - M Scale:-S 

10 - Very high/don ' t know 5 - International 

8 - High 4 - National 

6 - Moderate 3 - Regional 

4 - Low 2 - Local 
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2 - Minor I - Si te o nly 

0 - None 

Dllrarioll: - D Probability: - P 

5 - Permanent 5 - Definite/don' t know 

4 - Long-Ienn (ceases w ith the operational life) 4 - Highly probable 

3 - Medium-term (5- 15 yea rs) 3 - Medium probabi lity 

2 - Sh0l1-tenn (0-5 yea rs) 2 - Low probabi lity 

I - Immediate I - Improbabl e 

0 - None 

Tab le 17: Ri sk Assessment Outcome 

POTENTIAL ENVIRONMENTAL 
IMPACT 

ACTIVITY 

POTENTIAL 
RECOMMEN DED 

ACTIVI MITIGATION 
ENV IRONMENT 

TY MEASURES! 
AL IM PACT --MARKS M 

Charge Mass 
per delay, Di ffe rent 

Ground Vibration I Blasting 1 in itiation systems, 6 4 
di fferent drill ing and 

contra 
A ir Blast Bl asting Reduced charg ing, 4 4 

in it iation ~stem 

Stemmi ng contro l, 
Fly rock Blasti ng Reduced chargi ng, 6 4 

initiation 
Restricted sleep time, 

Fumes I Blasting I correct product for 4 4 
correct CI 

9 Mitigations 

CANCE 

2 3 30 

2 3 26 

2 3 30 

2 3 26 

Based on the work done in thi s report there are current no spec ific miti gations that will be required. 
The levels o f ground vibration and a ir blast expected are we ll w ithin the safe blasting criteri a. There 
is however still responsibili ty on blasting teams to conduct blasting in such a manner that the 
possible effects remain low and not induce complaints. 

10 Recommendations 

Recommendations a re prov ide in two parts, firstl y what will definitely be req uired and seco ndly is 
proposed for additi onal contro ls. 
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10.1 Required Recommendations 
10.1.1 Safe blasting distance from communities 

A minimum recommendation is that 500m must be maintained from blast done. This may be greater 
but not less. It is also a function of the blaster to determine what he considers the safe distance. 

10.1.2 Evacuation 

All person anima ls within 500m from a blast must be cleared and where necessary evacuation must 
be conducted with all the required pre-blast negotiations. 

10.1.3 Road Closure 

It is not expected that there will be roads within 500m from blasting. Care must be taken when 
blasting is done should planned road dev iations not have been done as currently planned . 

10.1.4 Monitoring 

Monitorin g is always a good preventative measure. It is hi ghly recommended that a monitoring 
program be PUI in place. The hi storical house at point 18 should be considered as a point of 
measurement in a monitorin g programme. Further wi ll a monitoring programme a lso quali fy the 
expected ground vibration and air blast leve ls and assist in mitigating these aspects properly. This 
will a lso contribute to proper relat ionships with the neighbours. 

10.1.5 Photographic Inspections 

A base line of structure inspect ion should be considered for a ll privately owned structures within 
1500m from the mine. The hi storical house should be inspected and detail photographic survey 
done prior to any blasting operations being conducted. 

10.1.6 Recommended ground vibration and air blast levels 

The fo llowing ground vibrat ion and air blast levels are recommended for blasting operati ons in thi s 
area . Table 18 below gives limi ts for ground vibration and air blast. 

Table 18 : Recommended ground vibration air blast limits 

Structure Description 
Ground Vibration Limit 

Air Blast Limit (dBL) 
(mOlls) 

National Roads/Tar Roads: 150 N/A 

Steel pipelines: 50 N/A 

Electri cal Lines: 75 N/A 

Railway : 150 N/A 

Transformers 25 N/A 

Water Wells 50 N/A 

HouseS/Structures USBM Cri te ria o r 12 mm/s Shall not exceed 134dB at 

Rura l Mud houses/structu res 6 
point of concern but 120 dB 

preferred 
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stemming material. The use of predictions g ives indication that if it goes wrong the extent of 
damage will at least be known beforehand. Air blast levels calculated for blasting operations did not 
show levels of concern for the nearest private structures. The nearest farm stead is expected only to 
experience 120dB. This well within accepted leve ls but could be a nuisance. The reduction of 
charge mass per delay will have significant reduction of air blast with sa fe blasting limit reduced in 
di stance from the mine boundary. Additional controls may also be used in the stemming that will 
add to reduce the effects of air blast. 

This concludes this investigation and outcome for the Turquoise Moon Project it will be possible to 
operate thi s mine in a safe and effective manner. The author wishes to indicate as well that this 
document is not purely an evaluation but had the intention to be a working document that can be 
used in practice to ma intain good neighbour ship with its neighbours. 

13 Curriculum Vitae of Author 

Author joined Permanent Force at the SA Ammunition Core for period Jan 1983 - Jan 1990. 
During this period I was involved in testing at SANDF Ammunition Depots and Proofing ranges. 
Work entailed munitions maintenance, proofing and lot acceptance of ammunition. For the period 
Jul 1992 - Des 1995 Worked at AECI Explos ives Ltd. Initially I was involved in testing science on 
small sca le laboratory work and large sca le field work. Later on work entailed managing various 
testing facilities and testing projects. Due to the restructuring of Technical Department I was 
retrenched but fortunatel y could take up appointment with AECI Explosives Ltd.'s Pumpable 
Emulsion explosives group for underground applications. December 1995 to June 1997 I gave 
technical support to the Underground Bulk Systems Techno logy business unit and performed 
project management on new products. I started Blast Management & Consulting in June 1997. 
Main areas of concern were Pre-blast monitoring, Insitu monitoring, Post blast monitoring and 
specialized projects. 
I have obtained the following Qualifications: 
1985 - 1987 Diploma: Explos ives Technology, Technikon Pretoria 
1990 - 1992 BA Degree, University Of Pretoria 
1994 National Higher Diploma: Explosives Technology, Technikon Pretoria 
1997 Project Management Certificate: Damelin College 
2000 Advanced Certificate in Blasting, Technikon SA 
Member: Internationa l Society of Explosives Engineers 
Blast Management & Consulting has been active in the mining industry since 1997 and work has 
been on various levels for all the major mining companies in South Africa. Some of the projects 
where BM&C has been involved are: 

Iso-Seismic Surveys for Kriel Colliery in conjunction with Bauer & Crosby PTY Ltd , Iso-Seismic 
surveys for Impala Platinum Limited, Iso-Seismic surveys for Kromdraai Opencast Mine, 
Photographic Surveys for Kriel Colliery, Photographic Surveys for Goedehoop Colliery, 
Photographic Surveys for Aquarius Kroondal Platinum - Klipfontein Village, Photographic Surveys 
for Aquarius - Everest South Project, Photographic Surveys for Kromdraai Opencast Mine, 
Photographic Inspections for various other companies including Landau Colliery, Platinum Joint 
Venture - three mini pit areas, Continuous ground vibration and air blast monitoring for various 
Coa l mines, Full auditing and control with consultation on blast preparation, blasting and resultant 
effects for clients e.g. Anglo Platinum Ltd, Kroondal Platinum Mine, Lonmin Platinum, Blast 
Monitoring Platinum Joint Venture - New Rustenburg N4 road, Monitoring of ground vibration 
induced 0 11 surface in Underground Mining environment, Monitoring and management of blasting 
in close relation to water pipelines in opencast mining environment, Specialized testing of 
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exp losives characteristics, Supply and service of se ismographs and VOD measurement equipment 
and accessories, Assistance in protection of ancient mining works for Rhino Minerals (PTY) LTD, 
Planning, design, auditing and monitoring of blasting in new quarry on new road project, 
Sterkspruit, with Africon , B&E International and Group 5 Roads, Structure Inspections and 
Reporting for Lonmin Platinum Mine Limpopo Pandora Joint Venture 180 houses - who le vi ll age, 
Structure Inspections and Reporting for Lonmin Platinum Mine Limpopo Section: 1000 ho uses / 
structures. 

BM&C have install ed a World c lass calibration fac ility for seismographs, wh ich is accredited by 
Instantel , Ontario Canada as an accredited Instantcl facility . The projects describe and di scussed 
here are only part of the capability and professional work that is done by BM&C. 
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