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THE UNIVERSITY OF ZAMBIA
SCHOOL OF MINES

FIRST SEMESTER EXAMINATIONS — OCTOBER 2010
GG201 - INTRODUCTION TO GEOLOGY

PAPER II - PRACTICAL

INSTRUCTIONS: Answer all questions. [llustrate your answers wherever

TIME:

possible.
Three (3) Hours

Ql.

Q2.

Q3.

You are provided with mineral specimens A, B, and C. Using the following
physical ~properties identify the minerals: colour, hardness, streak,
cleavage/fracture, magnetism, feel & reaction with acid. You are expected to
describe the properties. (15 marks)

Rock specimens D, E, and F have to be identified. Use the following physical
properties to identify these rocks: colour, texture (grain size), structure (foliation —
schistosity, gneissosity; bedding) or massive (without structure), mineralogy,
reaction with acid, crystalline or not, sorting, roundness, & versicular or
amygdaloidal. State with reasons whether the rock is igneous, sedimentary of
metamorphic. (15 marks)

Using Map X on which layers A, B, C. D, E and F are shown to be exposed, do
the following (scale 2.5¢m to 500 m):

(a) Determine with reason(s) whether the strata in the given map are
horizontal, inclined or vertical; (3 marks)

(b) Draw strike lines and label them appropriately. (10 marks)

(c) Determine the strike, dip and dip direction assuming that the layers are of
uniform dip. (6 marks) 4

(d) Draw the geological cross section along line Y-Z. (8 marks)

(e) Determine the true thicknesses for all the layers. (8 marks)

) Write a brief geological history of the area. (5 marks)

End of Exam & Good Luck
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THE UNIVERSITY OF ZAMBIA
FIRST SEMESTER UNIVERSITY EXAMINATIONS — NOVEMBER 2009
GG311 CRYSTALLOGRAPHY AND OPTICAL MINERALOGY

PAPER Il - PRACTICAL

INSTRUCTIONS: ANSWER ALL QUESTIONS.
TIME: ONE AND HALF HOURS
10
Q.1 You are given Model 87 Do the following (20 marks):
(1 Determine the elements of symmetry (i.e. diads, triads, tetrads,
hexads, planes of symmetry and centre). - ?
(i) Using the characteristic elements of symmetry classify the crystal
into a given crystal system and state why.
(i) Sketch the crystal and indicate on it the characteristic elements of
symmetry.

’/0
Q.2 Plot a stereogram of Model 8-indicating on it the elements of symmetry
and crystallographic axes. (15 marks)

Q.g Using the optical properties identify the mineral in the given thin section A.
(15 marks)

END OF EXAMINATION




THE UNIVERSITY OF ZAMBIA
SCHOOL OF MINES

FIRST SEMESTER UNIVERSITY EXAMINATIONS — OCTOBER 2010

GG311 - CRYSTALLOGRAPHY AND OPTICAL MINERALOGY

PAPER II - PRACTICAL

INSTRUCTIONS: Answer all questions illustrating your answers wherever
possible.
TIME: One and Half Hours

l.

Study the mineral Y under the microscope and using optical properties identify
the mineral. (15 marks)

Using the provided crystal model 10 and assuming that z-axis goes through
centres of 2 opposite six-sided faces, x-axis through centres of 2 opposite vertical
edges and y-axis through centres of 2 opposite horizontal edges and interfacial
angle (or co-latitude angle) of 60° between (001) & (011) and angle between y-
axis and (110) of 45°, do the following: (25 marks)

(a) Sketch the model and label all faces and crystallographic axes

(b) Identify and name the type of forms present on the crystal and faces that
belong to each type

(©) Plot - a stereogram for the crystal model ensuring that all the
crystallographic axes, all the faces, and elements of symmetry (i.e.
rotational axes of symmetry and planes of symmetry) are clearly labeled.

(d) Determine the interfacial angle between (001) and (110).

--End of L:xam-




THE UNIVERSITY OF ZAMBIA
SCHOOL OF MINES

FIRST SEMESTER UNIVERSITY EXAMINATIONS - OCTOBER 2010

GG311 - CRYSTALLOGRAPHY AND OPTICAL MINERALOGY

PAPER I - THEORY

INSTRUCTIONS: Answer any four questions illustrating your answers

wherever possible.

TIME: Three (3) Hours
Ql. (a) Define the following: (12 marks)

(i) Unit cell

(i) Crystal Lattice

(iii)  Plane of symmetry

(iv)  Rotational axis

(v) Inversion axis

(vi)  Centre of symmetry

(b) State the Law of Constancy of Interfacial Angles. (3 marks)

() State the addition rule in crystallography. (3 marks)

(d) A crystal in a monoclinic system has 8 faces with the z-axis going through
centers of 2 opposite edges, while x-axis and y-axis through centers of two
opposite faces. Sketch the crystal and label all faces and axes, name the
four forms on the crystal and their faces. (7 marks)

Q2. (i) What is interfacial angle? (2 marks)

(i)  If interfacial angles between faces A and B and B and C are 50° and 38°,
respectively. Sketch and determine the interfacial angle between faces A
and C. (4 marks)

(iii)  If the angle between two adjacent faces (001) and (101) on a crystal of
the tetragonal system is 40°, make a sketch and determine the angle
between faces (100) and (101) and axial ratios c/a, ¢/b and a/b (9 marks).

(iv)  Intercepts that faces make with crystallographic axes are given below.
Determine the Miller Indices and thus symbols of such faces. (6 marks)
Face A: 1/2,3,1/7; Face B: Infinity,2/9,1; and Face C: 5/3, 2/3, 4

V) Prove if the following sets of faces lie in one zone: (4 marks)

(a) (100), (201), (101), (102) and (011); and
(b) (Olbarl 1), (11bar21). (21bar31).
Q3. (a) Write short notes on the following terms and concepts. (12 marks)

(1) Isomorphism
(ii) Polymorphism
(iii))  Solid solution
(iv)  Pleochroism
% Birefringence
(vi)  Relief



Q4.

Qs.

Q6.

(b)
(©)

(1)
(i)

(iii)
(iv)

%

(a)
(b)

(a)

(b)
©
(d
(e)

)

Distinguish contact twin from penetration twin. (6 marks)
Explain how refractive index affects the passage of rays of light in the
mineral. (7 marks)

What is coupled substitution? Why does this occur? (4 marks)

Write two equations illustrating coupled substitution, one in alkali
feldspars and another in plagioclase feldspar. (4 marks)

What is coordination number? (3 marks)

Name and describe briefly two of the three Goldsmidt rules that govern
atomic substitution within a mineral. (8 marks)

Under what conditions in terms of the rules described above does each of
the following occur? (a) element capture, (b) element admission and (c)
element camouflage. (6 marks)

Distinguish between ionic and covalent bonds. Give one mineral example
of each type of bonds. (8 marks)

Describe briefly the following silicate structures giving at least one
mineral example of each: (i) Single Chain Silicates; (ii) Island Silicates;
(iii) Layer Silicates; and (iv) Framework Silicates. (12 marks)

State situations when a mineral would appear isotropic under a microscope
and explain why. (6 marks)

What is visible light? (4 marks)

State the BREWSTER'S Law. (4 marks)

What is the effect of density on refractive index of a mineral? (4 marks)
Sketch interference figures for a uniaxial positive mineral and a biaxial
negative mineral. (4 marks)

What is lustre responsible for in gemstones? (3 marks)

End of Exam



THE UNIVERSITY OF ZAMBIA
SCHOOL OF MINES

FIRST SEMESTER UNIVERSITY EXAMINATIONS - OCTOBER 2010

GG311 - CRYSTALLOGRAPHY AND OPTICAL MINERALOGY

PAPER I - THEORY

INSTRUCTIONS: Answer any four questions illustrating your answers
wherever possible.

TIME: Three (3) Hours

Ql. (a) Define the following: (12 marks)

Q2.

Q3.

(b)
(©)
(d)

(1)

(i)

(iii)

(iv)

)

(a)

(i) Unit cell

(ii) Crystal Lattice

(iii)  Plane of symmetry

(iv)  Rotational axis

% Inversion axis

(vi)  Centre of symmetry

State the Law of Constancy of Interfacial Angles. (3 marks)

State the addition rule in crystallography. (3 marks)

A crystal in a monoclinic system has 8 faces with the z-axis going through
centers of 2 opposite edges, while x-axis and y-axis through centers of two
opposite faces. Sketch the crystal and label all faces and axes, name the
four forms on the crystal and their faces. (7 marks)

What is interfacial angle? (2 marks)

If interfacial angles between faces A and B and B and C are 50° and 38°,
respectively. Sketch and determine the interfacial angle between faces A
and C. (4 marks)

If the angle between two adjacent faces (001) and (101) on a crystal of

the tetragonal system is 40°, make a sketch and determine the angle
between faces (100) and (101) and axial ratios c/a, c/b and a/b (9 marks).
Intercepts that faces make with crystallographic axes are given below.
Determine the Miller Indices and thus symbols of such faces. (6 marks)
Face A: 1/2,3,1/7; Face B: Infinity,2/9,1; and Face C: 5/3,2/3, 4

Prove if the following sets of faces lie in one zone: (4 marks)

(@) (100), (201), (101), (102) and (011); and

(b) (O1barl1), (11bar2t1), (21bar31).

Write short notes on the following terms and concepts. (12 marks)
() Isomorphism

(ii)  Polymorphism

(iii))  Solid solution

(iv)  Pleochroism

v) Birefringence

(vi)  Relief




Q4.

Qs.

Q6.

(b)
(©)

(i)
(i)

(iii)
(iv)

2

(a)
(b)

(2)

(b)
(©)
(d)
(e)

(

Distinguish contact twin from penetration twin. (6 marks)
Explain how refractive index affects the passage of rays of light in the
mineral. (7 marks)

What is coupled substitution? Why does this occur? (4 marks)

Write two equations illustrating coupled substitution, one in alkali
feldspars and another in plagioclase feldspar. (4 marks)

What is coordination number? (3 marks)

Name and describe briefly two of the three Goldsmidt rules that govern
atomic substitution within a mineral. (8 marks)

Under what conditions in terms of the rules described above does each of
the following occur? (a) element capture, (b) element admission and (c)
element camouflage. (6 marks)

Distinguish between ionic and covalent bonds. Give one mineral example
of each type of bonds. (8 marks)

Describe briefly the following silicate structures giving at least one
mineral example of each: (i) Single Chain Silicates; (ii) Island Silicates;
(ii1) Layer Silicates; and (iv) Framework Silicates. (12 marks)

State situations when a mineral would appear isotropic under a microscope
and explain why. (6 marks)

What is visible light? (4 marks)

State the BREWSTER'S Law. (4 marks)

What is the effect of density on refractive index of a mineral? (4 marks)
Sketch interference figures for a uniaxial positive mineral and a biaxial
negative mineral. (4 marks)

What is lustre responsible for in gemstones? (3 marks)

End of Exam




THE UNIVERSITY OF ZAMBIA
SCHOOL OF MINES

FIRST SEMESTER EXAMINATIONS — OCTOBER 2010
GG335 - STRUCTURAL GEOLOGY AND MAPPING TECHNIQUES

PAPERI - THEORY
INSTRUCTIONS: Answer any four questions. Illustrate your answers wherever

possible. Questions Carry Equal marks.
TIME: Three (3) Hours

QI.  Define any four of the following terms:
(a) Transposition
(b) Microlithons
(©) Piercing points
(d) Cataclasite
(e) Fault line scarp
H Crenulation cleavage

Q2. (a) Define “S-C” fabrics and state in which rock types you would expect to
find them.
(b) Make a careful sketch of S and C planes in a left-lateral shear zone. Be
sure to label the planes and show where you would expect the highest
strains to be found.

Q3. (a) Describe how folds with class 2 dip isogers are produced.
(b) Compare and contrast buckling and flextural slip.
(c) Compare and contrast between ductile deformation and brittle deformation
(discuss processes and products for each)

Q4. (a) What are the similarities and differences among mylonites, brecciia and
gouge? In your answer, be sure to explain the processes by which each
forms and where in the crust you would expect to find each one.

(b) Discuss the net stratigraphic effect commonly produced by a thrust fault
(use a diagram)

Q5. (a) Discuss the difference between force, stress, and strain.
(b) Explain the mojor difference between co-axial and non-co-axial strain and
give examples.
() Using stress-strain diagrams, show the difference in deformation response
between elastic and linear viscous (Newtonian) materials.

Q6. (a) What is compressive rock strength?
(b) Define homogenous strain and provide an example.
(©) What are the rheological characteristics of plastic deformation?
(d) Define linear strain and provide examples
End of Exam and Good Luck!




THE UNIVERSITY OF ZAMBIA
SCHOOL OF MINES
UNIVERSITY EXAMINATIONS - OCTOBER 2010
GG 411 - IGNEOUS PETROLOGY

PAPER I - THEORY

INSTRUCTIONS:  ANSWER ANY FIVE QUESTIONS USING SKETCHES
WHERVER POSSIBLE; ALL QUESTIONS CARRY EQUAL
MARKS.

TIME: THREE (3) HOURS

Ql. (a) Rocks are correlated to plate tectonics. Show how plate tectonic
settings and magmatism are correlated.

(b) Basaltic rocks can be divided into tholeiitic and alkali groups, what are the
main criteria for distinguishing the two groups?

Q2.  Differentiate between the following:

(a) Eutectic point and coetectic point in geological phase diagrams.
(b) Shallow granitic intrusions and deep-seated granitic intrusions.
() Tholeitic basalt and alkaline basalt.

Q3. Summarize the main characteristic features of the Skaergaard Igneous Complex.
Q4.  Show how magmatic rocks can be divided into alkaline and subalkaline.

Q5. Define the following terms:
(a) Ophiolite
(b) Degree of freedom
©) Liquid immiscibility
(d) Magmatic differentiation

Q6. (a) What is the importance of Kimberlites?
(b) Show how Kimberlites are classified.
© Discuss the tectonic setting of Kimberlites.
(d) Name three countries in Africa where Kimberlites are found

Q7.  What are the main characteristics features of GRANITE ROCKS?

Good Luck and End of Exam




THE UNIVERSITY OF ZAMBIA
UNIVERSITY EXAMINATIONS — OCTOBER 2010
GG 421 - SEDIMENTOLOGY‘

PAPER Il - PRACTICAL

INSTRUCTIONS: Answer both questions.

TIME:

Three (3) Hours

Q1.

A property development company has acquired a piece of land from the City Authorities
to construct a housing estate. It is a known fact that the area is underlain by a sequence
of sedimentary rocks. The continuity of the various lithologies is not established since no
detailed subsurface geological work has been done over the area so far. The property
development company is concerned about this lack of detailed geological information as
it needs to plan well on where to locate what type of structures. In essence, the company
wants to know the distribution of the competent and less competent rock formations.

Your company has been engaged for geological consultancy services to undertake site
investigations. You are the geologist that has been assigned the task. Your Company
has in its possession logs of two bore holes; SM/1 and SM/2, which were drilled in the
area many years ago. It intends to extract as much information from them as possible
before moving to the next step. Bore hole SM/2 is 557m to the east of SM/1. The logs are
not very good but that is all there is available.

As the initial phase of the consultancy, your Boss has instructed you to carry out the
following (70 marks):

(a) Make sedimentary logs of both cores, using the standard format available;

(b) Interpret these cores in terms of processes of deposition and depositional (sub)
environment basins, indicating how some facies are related to each other;

(¢ Correlate the two bore holes with a view of establishing possible continuities and

comment, with good reasons, on whether their rocks were deposited in the same
sub-basin or channel;

Log: SM/1 (Bore hole collar = 665m above sea level)

0-2m Very fine-grained mudstone, in places with shaly partings, desication
cracks and root traces;

2-5m Very fine- to medium-grained sandstone, horizontal bedding and locally
massive;

5-10m Coarse-grained to pebbly sandstone, trough cross-bedding alternating
with planar x-beds;

10-16m Matrix supported conglomerates, massive with crude bedding locally
horizontal bedding;

16-19m Clast-supported conglomerates, complex bed forms with tabular sheets;

19-21m Pebbly sandstones, trough cross-bedding;

21-24m Very coarse grained sandstone, trough cross-bedded to parallel
laminated;

24-25m Medium-grained sandstone, ripple cross-laminated;

25-27m Alternating mudstone and very fine-grained sandstone;

27-28.5m Pebbly mudstone at base that is followed by mudstone, massive,

followed by thinly laminated and then massive beds

Log: SM/2 (Bore hole collar = 753m above sea level)




0-2m Mudstone, in places with intraclasts, massive beds, desication cracks;

5-7m Clast-supported conglomerates — mainly cobbles, complex bed forms
with tabular sheets;

7-15m Matrix supported conglomerates — mainly pebbles, massive with crude
bedding locally horizontal bedding;

15-20m Very fine-to medium-grained sandstone, horizontal bedding and localily
massive;

20-23m Mudstone, in places with shaly partings, thinly laminated overlain by
massive beds; bioturbated with root traces:

23-24.5m Undifferentiated metasediments

i 0#9# QPkﬂ?&X\)
You are provided with four hand specimens marked A, B, C and D. You are required to

do the following (30 marks):

(a) Describe the texture, composition, colour and aﬁ?bbservable structures of each
specimen, and then name the rock;
(b) Outline briefly, the depositional environment of each rock, suggesting the

possible transportation mechanisms and distance from the source.

End of Exam and Good Luck




THE UNIVERSITY OF ZAMBIA
UNIVERSITY EXAMINATIONS - OCTOBER 2010
GG 421 - SEDIMENTOLOGY

PAPER I - THEORY

INSTRUCTIONS: Answer any five questions using sketches wherever possible. All

questions carry equal marks.

TIME: Three (3) Hours
Ql. (a) Briefly discuss what is meant by the terms: (i) Sedimentary Basin analysis,
and (ii) Back striping.

(b) Write brief but clear and well illustrated notes on (i) Forearc, and (ii)
Backarec.

() Discuss the difference between active and passive continental margins.

(d) Explain the typical morphology of a passive continental margin and how
each of the four perspectives used to classify them affect the resulting
depositional environment.

Q2. (a) Write short notes on Loess.

(b) Define the following: (i) Rudite, (ii) Arenite, (iii) Arkose, and (1v)
Greywacke.

(c) Briefly discuss three main ways of representing grain size distribution in a
sediment.

(d) Discuss (i) Siliciclastic sediments, and (ii) Non-siliciclastic sediments in
terms of their origin, compositions, texture, particle size range and matrix.
Give two examples of rocks formed in each of two types of sediments.

Q3. (a) Discuss the following: (i) Authigenic minerals, (ii) Concretion, and (iii)
Differential compaction.

(b) Discuss sediment maturity and how it provides evidence on the history of
the sediment, paying particular attention to composmon and texture,
among others.

(c)  Explain the process of diagenesis paying particular attention to the
chemical and physical changes it may bring about.

(d)  Write short notes with illustrations on the following: (i) Point bars, (ii)
Alluvial fans, and (iii) Crevasse-splay deposits.

Q4. (a) (i) What determines a delta’s morphology? (ii) Write brief notes, with well
labeled illustrations, on the three main morphological types of deltas.

(b) In sediment transport, define the following terms: (i) traction, (ii)
suspension, and (iii) saltation.

© Discuss briefly how each of the following transports sediments: (i)
channel flow, (ii) waves, (iii) ocean currents and, (iv) tides.

(d) Costal environments may be classified as constructive or destructive.

Discuss these two types of environments.



Q5.

Q6.

Q7.

(a)
(b)

©
(d)
(@)
(b)
(©)
(d
(a)

(b)
(©

(d

Write short notes on the term facies and facies analysis.

Discuss the sedimentary processes and environments that would lead to
the following in a stratigraphy: (i) fining upwards and, (ii) coarsening
upwards.

Discuss any two types of gravity flow deposits.

Define and discuss Walther’s Law.

Discuss lateral and horizontal facies changes in rock record and the
environmental processes that lead to the changes.

Write brief notes on the following: (i) facies associations, and (ii) facies
succession.

Write short notes on glacial depositional environments and give an
example of a glacially deposited rock.

Define glaciofluvial deposits?

Discuss aeolian depositional environments and give examples of two
typical sedimentary structures related to these environments.

Briefly discuss the Bernouilli effect.

Discuss the kind of deposits and structures related to (i) meandering
streams and, (ii) braided streams.

Write short notes on shallow marine depositional environments.

End of Exam and Good Luck




UNIVERSITY OF ZAMBIA
UNIVERSITY EXAMINATIONS — OCTOBER 2010

GG435-STRUCTURAL GEOLOGY AND PLATE TECTONICS
PAPER II - PRACTICAL

Instructions:  Answer All Questions
Time: Three (3) Hours

Ql. Below is a map that shows the geology of Spring Valley area. Answer the questions that
follow:

A

7 an
,/ A p AR
2 %

Z

Scale 1: 5000

Flagstores Volcanic C(alcareous Lime- Sandsfone Shales  Coarse Granife
Group  Sholes sfone Grils

(a) Draw structure contours (strike lines) on the map and then a cross-section A-B. Use the cross-
sections to write the geological history of the area. (60 marks).



Q2.

Q3.

A sandstone bed of possible Cambrian age in the Gwembe Valley is oriented 360°40°W
and possesses ripple marks oriented 33° towards 233°. What is the current direction that
deposited the bed in Cambrian times? (10 Marks)

The “Mabvuto Anasila” area has been mapped by an exploration geologist. However his
field note book and map were burnt in a tent in his camp site while in the field. One
excel file which he had sent to the main office in Lusaka has been retrieved for a partial
report and recorded the following information:

S, (bedding) was measured at 020°30E; schistosity (S;) was measured as 060°60NW°;
flute marks were measured as 12° towards 318°. Some areas with the same geology are
not folded, but are sub-cropping. The ripples possesses heavy mineral sands and their
orientation in the unfolded zone is required for drilling.

(a) Find the other limb of the fold in the area. (5 marks)

)] What is the orientation of the fold axis in the area? (5 marks)

(© What was the orientation of the flute marks before the beds were folded? (5
marks)

(d) Write the geological history of the area based on his structural data and show
how the ripple marks can be obtained from the flute marks data (15 Marks)

End of Exam and Good Luck




THE UNIVERSITY OF ZAMBIA
FIRST SEMESTER UNIVERSITY EXAMINATIONS - OCTOBER 2010
GG 471 - GEOCHEMISTRY

PAPER I - THEORY

INSTRUCTIONS:  Answer any five questions. Use diagrams and equations wherever
necessary. All the questions carry equal marks.
TIME: Three (3) Hours

Q1.  Describe the relative abundances of the major elements in the continental crust
and the major methods that have been employed to determine these abundances.

Q2. Use the thermodynamic data given below and appropriate equations to construct
an Eh-pH diagram for the system U-O-H at 1 bar pressure and 25 °C. Discuss how
the addition of carbonate ions to this system may affect the mobility of uranium.

Species AGY% (Kcal/gfw)
U0, (c) -246.62

U305 (¢) -805.35

U0* (aq) -227.66

H,0 (liq) -56.69

Q3.  Discuss briefly the major factors that control the aqueous mobility of Al, Fe,

S and Cu in the surficial environment.

Q4.  The chemical composition of sediments in three sedimentary environments is

given in table 1. Use the given data to answer the following questions:

Tablel. Composition of sediments

Component Sediment A | Sediment B Sediment C
SiO, 48.90 1.15 51.03
ALO; 12.8 0.45 13.47
FezO3 5.54 - 8.06
FeO - 0.26 -
MgO 2.48 0.56 1.15
CaO 9.79 53.80 0.78
Na,O 1.57 0.02 0.41
K,0 2.52 0.05 3.16
TiO, 0.58 - -
P,0s 0.17 - 0.31
S 1.63 - 7.29
CO, 7.30 42.69 -

C 1.32 - 13.11
H,O 6.26 0.92 3.2

(a) Describe the mineralogical composition of the sediments and establish the
p
prevailing Eh and pH conditions in the sediments.




Qs.

Q6.

(b) Discuss briefly the processes through which the minerals in the sediments
have been formed.

The chemical composition of ocean water is given below. Use the supplied data
and equations to determine the state of saturation of this water with respect to
anhydrite.

Component Ocean water (g/kg)

Na~ 10.7

K" 0.39
Ca™ 0.41
Mg 1.29

Cl 19.35
SO,” 2.71
HCOy 0.72

-log activity coefficient =AZ*[(1°%/1+1°)-0.21]
A=0.5085
Ksp for anhydrite =10

The composition of the parent rock and the soil developed on it is given below.
Use the supplied data to answer the following questions.

Component Parent rock Soil
SiO, 50.4 0.7
AlLOs 22.2 50.5
Fe 04 9.9 234
FeO 3.6 -
MgO 1.5 -
CaO 8.4 -
Na,O 0.9 -
K,O 1.8 -
TiO, 0.9 0.4
H,0 0.9 25.0

(a) Determine the drainage and climatic conditions under which the soil has
developed.

(b) Arrange the major elements in increasing order of mobility in this
environment.

(c) Describe the dominant processes through which the soil has formed.



Q7.  (a) Write short notes on the classification of surficial dispersion patterns of
ore components.
(b) Describe the processes that would lead to the development of dispersion
patterns of Sn and Ta in the drainage system of an area where mineralized
pegmatites whose average composition is given below are exposed.

Component Pegmatite
(%)
SiO, 73.75
Al,O3 15.47
Fe203 0.64
FeO -
MgO 0.006
CaO 0.01
Na,O 0.34
K,0 4.48
TiO, 0.001
P,0; 0.04
(ppm)
Rb 2816
Sn 1350
Ta 356

End of Exam and Good Luck!




THE UNIVERSITY OF ZAMBIA

FIRST SEMESTER UNIVERSITY EXAMINATIONS — OCTOBER 2010

GG 471 - GEOCHEMISTRY

PAPER II - PRACTICAL

INSTRUCTIONS:  Answer all the questions. Use diagrams and equations wherever
necessary.

TIME: Three (3) Hours

Q1. Describe the analytical procedures which you would employ to determine the

Q2.

Q3.

concentrations of heavy metals in soils contaminated by emissions from the
smelter stacks. (15 marks)

The composition of 3 samples collected from 3 different natural waters are given
in table 1. Use the data in table 1 to answer the following questions. (25 marks)

(a) Classify the waters on the basis of TDS and give suggestions on the most
likely sources of these samples.

(b) Discuss the quality of the water samples and the major factors that appear to
be controlling the concentrations of the dissolved constituents.

Table 1

Constituent Groundwater Surface water A Surface water £
Ca 260 32 411
Mg 49 0.1 1290
Na 13 1.2 10700
K 3.2 0.14 390
Silica 23 0.1 2.9

Al 12 - .001
Fe 143 - .034
Zn 345 0.0003 .01
Sulphate 1650 5.1 2710
Cl 3.7 1.0 19350
TDS 2500 11 35500
pH 2.5 3.5 8.2

The data obtained in an orientation survey for nickel anomalies in stream
sediments of the Munali Hills «rea is given in figure 1 and table 2. The host rock
for the nickel mineralization is the Munali gabbro. In the search for gabbro hosted
nickel deposits a reconnaissance stream sediment survey conducted in solwezi
area generated the data in table 3. Use the given data to answer the following
questions.

(a) Identify the elements that are associated with nickel in figure 1 and discuss
the possibility of using Fe, Mg, Co, Pt and S as path finder elements in
hydrogeochemical surveys.

) Discuss the processes that have led to the development of the nickel and

1



/

copper dispersion patterns in figure 1.

(©) Use an appropriate statistical method to establish the range of background
and anomalous values in table 3.

(d)  Discuss the potential for nickel sulfide mineralization in Solwezi area.

Table 2
S.NO. | Sample type Fe (%) Ni (ppm) Cu (ppm) Co (ppm)
la Rock 12.03 2068 164 147
1b Gossan 66.36 8020 423 5
Ic Rock 11.49 1972 201 149
1 Stream sediment 52.28 506 266 296
2 “ 38.17 274 152 129
4 “ 32.78 192 170 119
6 “ 23.13 119 140 8
7 “ 12.33 43 40 30
8 “ 16.86 108 42 9
9 “ 10.14- 38 37 41
10 “ 15.54 87 102 6
11 « 9.05 33 34 45
12 “ 13.89 61 74 33
14 “ 28.34 85 85 63 |
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Table 3
Ni content (ppm) Frequency

0 5

5 10
10 82
15 31
20 162
25 35
30 187
35 39
40 189
45 31
50 - 141
55 34
60 129
65 23
70 73
75 16
80 42
85 10
90 38
95 4
100 25
105 2
110 9
115 1
120 5
125 1
130 2
140 1
145 1
160 1
170 2
190 1
220 2
270 1
330 1
455 1
660 1
909 1

End of Exam and Good Luck
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GG 551 - EXPLORATION, MINING GEOLOGY AND MANAGEMENT

Instructions: Answer Any Four (4) with at least one question from each section.
Answer four (4) questions. You have 5 minutes to read through the
questions.

Time: Three (3) Hours

SECTION A
Ql. (a) It is said that the life a mine does not start the day that production begins, but
many years before, when a company sets out to explore for a mineral deposit.
State and briefly describe the stages of an exploration project from the study
phase to Bankable Feasibility Study (BFS) (5 marks).

(b) Your Canada-based exploration manager wants you to explore the possibility of
carrying out copper exploration in Central Africa. Prepare him/her some relevant
notes for at least two countries in the region, stating the factors that have
influenced your choice of country and area (5 marks).

() Exploration strategy may be classified as either empirical or conceptual. Discuss
the two approaches with regard to the following aspects:

(i) Number of prospects that may be initially generated (2 marks)
(ii)  The quality of the prospects (2 marks)
(iii)  the levels of expertise required (2 marks)
(iv)  Define the following terms:
a. Greenfields exploration (2 marks)
b. Brownfields exploration (2 marks)
(v) You are exploring for magmatic nickel sulphide style mineralization and
you have got several ground geophysical techniques at your disposal.
Your hanging wall lithologies at one of your preferred targets comprise
graphitic schist, dolomites and quartzites in this order away from the
suspected host gabbro.
a. State any one technique likely to produce appreciable contrast (2
marks)
b. State the technique that is likely to produce ambiguity and the likely
cause/s (3 marks).
Q2. (a) You have been approached by a businessman who wants to drill his newly

acquired oxide copper prospect. He would like some professional advice on the
most suitable drilling technique. With him is a list of techniques he has got from a
student geologist including:

(i) Hand Auger

(ii) Rotary Air Blast (RAB)

(iii)  Reverse Circulation

(iv)  Diamond



Q3.

(b)
(©)

(d)

(e)

(@)

(b

Prepare a summary report for him, preferably in tabular format, detailing the
suitable applications, advantages and disadvantages of each technique (/0 marks).
Drillholes rarely take straight paths from collar positions. List at least 5 causes of
drillhole deviation (5 marks).

You have received some assay results for your géochemical anomaly and you are
suspicious that they (the results) could be a hydromorphic artifact. What step/s
could you take to prove or dismiss this suspicion? (2 marks).

When carrying out soil surveys, it is critical to differentiate residual from
transported overburden. For each type of overburden, give at least two (2)
characteristics (5 marks).

How would you physically and chemically differentiate a true gossan from a false
gossan (3 marks).

SECTION B

Define the following terms as they relate to a mining environment:

(i) Internal dilution (I mark)

(i1) External dilution (I mark)

(iii) A regionalized variable (I mark)

(iv)  Geological continuity (I mark)

W) Value/grade continuity (I mark)

You have been approached by a group of businessmen which has won a tender to
supply nickel ore to a nearby operating mine in Zambia. They would like you to
determine the tonnage and average grade of their nickel deposit (Chilengwaleza
Ni project) for them to present to their client. You find historical data at the
Geological Survey Department which summarizes the deposit as follows:

¢ 10 holes completed on the deposit in 1978. Results for a section comprising two
adjacent holes (DDHO001 and DDHO002) available on the public domain, the rest
of the results missing. The holes were 25m apart. Section lines on which the
holes are located are at a distance of 50m apart. Average RL of 800m.

¢ Mineralization outcrops ~25m due east of DDHO0O01.

¢ The ore body has two different types of ore: lateritic ore and semi-massive ore.
The lateritic ore is allocated a specific gravity (SG) of 1.25 whereas the semi-
massive ore is allocated specific gravity of 2.0

e The ore body strikes North-South and dips at around 60° towards the west. All
drilleholes inclined at -65° at collar.

e Holes deviated at an average rate of 1° every 18m or 0.5° every 9m in the
hangingwall. Negligible deviation in intervals less than 9m. More deviation
observed in the hangingwall lithologies. Limited deviation within the orebody.
All holes deviated upwards.

The rest of the data regarding the deposit is presented in Table 1:



Table 1: Chilengwaleza Ni project assay data
Hole_ID | From | to | Drilled Mineralized Ni assay Geology notes
length (m) | intersection (m) (%)
DDHO001 | 0 27 | 27 - Not assayed | Overburden
DDHO001 | 27 314 4m from 27m 1.2% Lateritic zone, base of
lateritic ore zone at 31m
DDHO001 | 31 35| 4 4m from 31m 2.9% Semi-massive ore
DDHO001 | 35 40| 5 - not assayed | End of hole at 40m, Barren
Gabbro.
DDHO002 | 0 54| 54 - Not assayed | Overburden, hole collared
down-dip of DDH001
DDH002 | 54 58 | 4 4m from 54m 1.1% Lateritic zone, base of
lateritic zone at 58m
DDHO002 | 58 61 |3 3m from 58m 3.5% Semi-massive ore
DDHO002 | 61 70 | 9 - Not assayed | End of hole at 70m. Barren
Gabbro.
Using the provided data:
)] Sketch a profile (not to scale) of the nickel deposit (2 marks)

(i)

DDHO02 (8 marks)

(iii)
(iv)

DDHO001 and DDHO0O02 (2 marks).

Q4. (a)

Calculate the respective average grades ( % Ni) of the intersections at DDH001 and

Calculate the respective tonnages around DDH001 and DDH002 (8 marks)
Present to your client the total tonnage and average grade of the section across

You are a consulting geologist at Chuumbabenzu Coal prospect in Zambia’s

Southern Province and have been presented with the following proximate analysis

results for the main seam (Table 2).

Table 2. Proximate analysis results for Chuumbabenzu Coal Prospect.

Parameter %
Moisture 1.0
Volatiles 27.2
Fixed Carbon 50.7
Ash 21.1
Calorific Value (Air dried) B.T.U./Ib 10600

@

(i)

Classify the coal according to the American Society for Testing and
Materials (ASTM) and advise on the possible uses of this coal based on

the preliminary results (5 marks)

State at least three elements you would consider submitting for ultimate

analysis with brief notes on the relevance of each analyte (3 marks)

3




Q5.

Q6.

(b)

(a)

(b)

(a)
(b)

(©)
(d
(e)

A number of theories have been proposed to explain the origin of the Central

African Copperbelt mineralization.

(i) Describe the merits of the syndiagenetic model vs the syngenetic model (5
marks)

(i1)  The major weakness of an epigenetic model for the Lower Roan-hosted
Copperbelt mineralization (2 marks).

(ili)  Describe the geology of the Zambian Copperbelt with regard to the metal
sources, transport mechanism, precipitation mechanism and state the
desired attributes of this deposit type that might be used to explore for
deposits of similar style (10 marks).

SECTION C

Communication can be in different forms including written, verbal or visual,
among others.Give the advantages and disadvantages of the mentioned forms of
communication (/5 marks)

Describe what you understand by the following managers’ roles:

) Planning (2 marks)

(ii) Organising (2 marks)

(iii)  Co-ordinating (2 marks)

(iv)  Commanding (2 marks)

W) Controlling (2 marks)

Define a decentralized management structure and give at least three of its
advantages (5 marks)

Many large organizations today prefer outsourcing labour. Define the concept of
outsourcing, giving at least three advantages and two disadvantages of this
approach (5 marks).

Leadership may be classified into three styles: autocratic, Laissez-faire and
democratic. Briefly describe the three types (5 marks).

Define a trade union and state the employee benefits of belonging to one in a large
organization (5 marks)

Define the following forms of Industrial Action

(1) Strike (1 mark)

(i)  Picketing (I mark)

(iii)  Work to rule (I mark)

(iv)  Go slow (I mark)

(v) Non-cooperation (I mark)

End of Exam and Good Luck!
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GG 561 —- ENGINEERING GEOLOGYAND ROCK MECHANICS

Instructions: Answer Any Four (4) Questions. All Questions Carry Equal Marks
TIME: Three (3) Hours
Q1. (a) Lusaka City Council is planning to establish a new cemetery on the Lusaka Granite. In
the siting of this site, a detailed site investigation will be required.
) What would be the aim of such an investigation?
(i)  Describe the various stages of such an investigation.
(b) Give the empirical formula of Coulumb’s Law and describe all quantities involved.
(c) Illustrate, with the aid of diagrams, the three main categories of geologic materials
based on their shear strength parameters.
Q2. (a) Discuss, giving examples, the differences between properties of materials and
properties of mass with regard to both soils and rocks. Why is there any difference?
Why is this difference of importance in engineering geology?
(b) A slope, 45°, was cut in one of the hills for the construction of an embankment on the

Great East Road. A plane, P, dipping at 30°, was seen daylighting into this slope.

Triaxial cell tests performed on three soil specimens filling this discontinuity gave the following

results;

o, (kN m?) 1 5 9.5 15

o; (k Nm?) 9.2 28 48.7 74
If a block, with a mass of 800kN, and a contact area of 500 m2, is resting on this
discontinuity, determine:
1) The total force resisting sliding.
(i)  The factor of safety of the block against sliding.
(i) The magnitude of the force of a rock bolt installed perpendicular to the

plane that would raise the factor of safety of the block to 2.
Q3. (a) A seismic refraction survey was conducted in the Goma fields as part of a site

investigation to determine the average depth to rock head for the construction of
UNZA’s new sport hall. The investigation gave the following results:

Geophone distance (m) 10 15 | 20 | 25 |1 30 | 35| 40 | 45 50 55

Arrival times (ms) 3 4.5 6 7 178185 9 10 | 10.6 | 11.5

(b)

Assuming that the layers are horizontal or shallowly dipping, calculate:

(1) The wave velocities in each layer

(i1) The Possion’s ratio of the first geologic layer at the site

(ii1)  The depth to the first refractor surface, which may be assumed to represent
rock-head.

A soil samplcz - of le ggh 12 cm and 4 cm in diameter was cored from the site. When

subjected to.an "unconfined compressive strength test, it shortened by 1 mm and

increased by 0.5 mm in diameter. Determine for this soil sample:

(1) Its longitudinal and diametral strains.

(i1))  The sample’s modulus of elasticity.

(iii))  Poisson’s ratio.

(iv) Comment on the reason for the difference, if any, with the Poisson’s ratio
determined in (ii) of (a) above.



Q4.

Qs.

(@)

(b)

| Write brief notes on the following:

(1) Differential settlement
(1)  Ultimate bearing capacity
(iii))  The Maximum Safe Bearing Capacity

The Resident Engineer’s Department is planning to build a new sports hall at one of
UNZA’s Goma Fields. It is designed to be supported by rectangular (Im x 2m)
footings founded at 0.5m below ground surface. If the unit weight of the foundation
soil was determined to be 15 kN m?, and shear box tests performed on three specimens
of this soil gave the following results

Normal pressure (kN m™) 35 70 105
Shear pressure (kN m™) 29 58 87

determine the ultimate bearing capacity of the soil under each footing.
Nc(rectangle) = Nc{strip}*(] + 03B/L)> Nq (rectangle) — Nq {strip};Ny (recanglet) — Ny {sm’p}*(l'o-z-B/L); bearing CapaCity
factors are given at the end of the paper.

Bearing capacity factors

¢ Nc Nq N‘v

0 5.14 1 0

5 6.5 1.6 0.5

10 8.3 2.5 1.2

15 11 3.9 2.6

20 14.8 6.4 5.4

25 20.7 10.7 10.8

30 30.1 18.4 22.4

32 35.5 23.2 30.2

34 42.2 294 41.1

36 50.6 37.7 56.3

38 614 48.9 78

40 75.3 64.2 109.4

42 93.7 854 155.6

44 118.4 115.3 224.6

46 152.1 158.5 3304

48 199.3 2223 496

50 266.9 319.1 762.9
(a) A 10m deep borehole was drilled in marbles for site investigations at the new Levy

Junction construction site, along Church Road, to determine the integrity of the
underlying rock. The recovered rock cores (in cm) are shown in the Table below.

20.0 12.3 2.8 5.8 13.8 3.0 87.9 10.8 16.0 7.3 10.5 7.9 12.3
2.3 10.3 33 5.0 19.4 7.8 3.3 10.5 8.0 110 36.0 10.8 73
11.8 1.3 3.0 5.3 17.0 3.8 2.5 9.0 95.3 5.0 5.0 2.8 53
6.5 11.0 7.0 59.0 6.5 7.5 4.3 3.0 5.5 7.0 8.0 53.1 8.2

Determine for this drill hole:

(b)

(1) The core loss

(i)  The Rock Quality Designation (RQD)

(i)  Total Core Recovery (TCR)

(iv)  The quality of the rockmass intersected by the drill hole and give a comment on
the integrity of the rockmass

After the construction of pad footings for one structure at the Levy Junction site it was

dlscovered that the structure would impose principal stresses of 700 kNm™ and 450

kNm? at a point underlying the foundation with an angle of shearing resistance of

22.5°. Determine, for this point, the Normal and Shear stresses induced by these

principal stresses.



Q6.

‘() , A soil sample collected from the Goma fields for the construction of the UNZA’s new
sport hall gave the following results:

Grain size (mm)

50

35.5

20

14

10

6.3

3.35

1.18

0.6

0.15

0.063

Mass retained (g)

0

15.5

17

10

11

33

114.5

63.6

18.2

17

10.5

If the total mass of the sample collected was 315 grams,

(1) Plot the particle size distribution curve

(i)

Determine its effective size (Do)

(iii))  Calculate its uniformity coefficient
(iv)  Describe and name the soil.
(b) A portion of this sample was used for the determination of Atterberg Limits. The
following results were obtained from the test:
(i) Liquid Limit (Casagrande Apparatus)
Test Number Mass of Tin Tin + Wet Soil (g) Tin + Dry Soil (g) Number of Blows
1 23.68 40.86 34.68 13
2 22.93 42.62 35.78 20
3 26.27 38.02 34.27 47
(1) Plastic Limit
1 25.34 32.17 31.01
24.83 30.48 29.51
Determine the plasticity index of the soil.
(c) Another piece of core from the site was subjected to testing in a triaxial cell. It gave
the following results:
o1 (kNm?) 35 51.8 70 99.4 124 128.8
o, (kNm?) 35 35 35 35 35 35
Strain (g) 0 0.0025 0.005 0.01 0.02 0.03

Determine the modulus of deformation for this soil

End of Exam and Good Luck!




THE UNIVERSITY OF ZAMBIA
FIRST SEMESTER UNIVERSITY EXAMINATIONS

OCTOBER 2010
209
MI 4557 INTRODUCTION TO MINE DEVELOPMENT
TIME : THREE [3] HOURS : * FULL MARKS : 100
INSTRUCTIONS : ANSWER FIVE QUESTIONS; ONE FROM SECTION A AND FOUR
FROM SECTION B

SECTION A [ANSWER ONLY ONE QUESTION]

QUESTION ONE

Give brief accounts of all the steps} involved an exploration programme using the geochemical
approach. [20 Marks]
QUESTION TWO

Answer the following questions:

a) What is remote sensing and give two examples of the simplest remote sensing equipment.

[4 Marks]

b) State four properties that are inherent in Earth materials that make them possible for

geophysical investigations. [2 Marks]
¢) Why are some of the geophysical methods called active and others passive. Give two

examples for each. [6 Marks]
d) Name four minerals that are highly magnetic. [2 Marks]
e) What is an anomaly and what is the background? [4 Marks]
f) How would you interpret a magnetic low? [2 Marks]

SECTION B

QUESTION ONE

a) Discuss the concepts of resources and reserves.

b) Discuss the main reserve classification systems.

c¢) Why are mineral projects perculiar from other projects?

d) What are the main determinants of exploration activities?

e) What determines a countries level of well being? [20 Marks]
QUESTION TWO

a) Discuss the main stages of implementing mining projects (5 Marks)

b) Discuss the meaning of ore, gangue and cut off grade. (5 Marks)

¢) Determine the cut-off grade for the following



When net value is = $2.5 grade is 0.55%

When net value is = -0.30 grade is 0.35% (10 Marks)
QUESTION THREE
a) What are the three main components of drilling equipment (6 Marks)
b) Discuss two main theories of mechanical breakage and why most machines are indentors
(8 Marks)
¢) Discuss the main types of bits, their advantages and disadvantages (6 Marks)
QUESTION FOUR
a) Differentiate between low and high explosives (4 Marks)
b) Using detonation theory explain why explosives are so efficient in breaking (6 Marks)
c¢) Discuss the main classes of mining explosives (5 Marks)
d) From safety fuse to current remotely controller detonation explain the major
improvements in detonators (5 Marks)
QUESTION FIVE
a) Ground control is dependent or understanding how rock/soil material behaves insitu and
when excavated. Explain (5 Marks)
b) What rock factors should be considered in designing a support system (5 Marks)
c) (1) Discuss roof bolts as a supporting method (4 Marks)
(ii))  Tuberasa supporting method (3 Marks)
(iii)  Steel as a supporting method (3 Marks)
QUESTION SIX
a) Discuss the major consideration in classifying mining methods (8 Marks)
b) Discuss when caving methods are best used (6 Marks)
c¢) Discuss the main characteristics of materials used as fill in room and pillar mining
methods

(6 Marks)

END OF EXAMINATION
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TIME : THREE [3] HOURS FULL MARKS
INSTRUCTIONS : ANSWER QUESTION 1 AND ANY OTHER 3
QUESTION 1
a) Clearly define the following terms as they are applied in linear programming
i) Entering nonbasic variable [1 Mark]
ii) Surplus variable [1 Mark]
iii) Artificial variable [1 Mark]
iv) Optimal *'Relaxed’’ solution as used in Total Integer Programming [1 Mark]
v) Branch and bound diagram [1 Mark]
b) Solve the following linear programming model using the simplex method
Z =20X, + 10X,
X, +X;=150
-X; > -40
X220
X1, X2>0 [25 Marks]
[Total: 25 Marks]
QUESTION 2

a) A mine developer must decide which recreation facilities to construct in its community.

Four new recreation facilities have been proposed: a swimming pool, a tennis centre, an

athletic field and a gymnasium. The mine wants to create facilities that will maximise the

expected daily usage by residents of the community subject to land and cost limitations.

Expected daily usage, cost and land requirements for each facility are shown in Table 2.

Table 2: Daily usage, cost and land requirements for each facility

Expected Land requirements
Recreation facility usage Cost ($) (agres)
(people/day)
Swimming pool, X, 300 35,000 4
Tennis Centre, X, 90 10,000 2
Athletic field, X; 400 25,000 7
Gymnasium, X4 150 90,000 3

The mine developer has a $120,000 construction budget and 12 acres of land. Because the

land for the swimming pool and tennis centre are in the same area of the country,



however, only one of these two facilities can be constructed. The mine wants to know
which of the recreation facilities to construct in order to maximise the expected daily
usage and you have been requested as a newly employed engineer to assist management.
i) Construct the linear programming model for solving this problem using 0 - 1 integer
' programming [S Marks]
ii) Using implicit enumeration, provide a complete enumeration (list of all possible
solution sets) for this model [10 Marks]
iii) Select the optimal solution from the solution set and det'ermine the maximum

expected usage (Z value) of the facilities. [5 Marks]

b) Clearly describe the following integer solution terminologies

i) A total integer model [1 Marks]
ii) A 0-1 integer model [1 Marks]
iii) A Mixed integer model [1 Marks]
iv) Implicit enumeration [1 Marks]
v) Partitioning feasible solution - [1 Marks]

[Total: 25 Marks]
QUESTION 3

Copper is produced from four mines every year as shown in Table 1.

Table 3.1: Mines producing copper
Mines Capacity (000°000 tonnes)
1 Luanshya 90
2 - | Chibuluma 50
3 Lumwana 80
4 Chambishi 60

These mines supply the following quantities of copper to manufacturing companies in three

industrial cities as shown in Table 2.
Table 3.2: Manufacturing companies receiving copper shipment

Cities Capacity (000°000 tonnes)
A New Delhi 120
B Berlin 100
C New York 110

The rail and sea shipment costs per tonne of copper are shown in Table 3. Because of
railroad construction, shipments are presently prohibited from Luanshya to New Delhi.

Table 3.3: Rail and sea transportation costs (US$’000)

FROM To
1 2
A 7 10
B 12 9 4
C 7 3 11
D 9 5 7




a) Formulate this problem as a linear programming model. - [5 Marks]

b) Set up the transportation tableau for this problem and determine the initial solution using

minimum cost method and compute the total cost. . [5 Marks]
¢) Solve the model using Stepping Stone Method [10 Marks]
d)' Are there multiple optimal solutions? If so, identify them. [5 Marks}

[Total: 25 Marks]
QUESTION 4
a) Lumwana Mine has embarked on a project to expand the current open pit mine and
preliminary studies show that there will be nine (9) major activities as shown in Table 4.
i) Construct the CPM network described by the following set of activities
ii) Compute the length of each path in the network
iii) Indicate the critical path

Table 4(a): Activity time estimates for Lumwana Mine expansion project

Activity Time (Years)
1—2 4
1—-3
2— 4
2—5
3—-5
4—5
4— 6
5—6
3—6

ANl O|Wloo|

(10 Marks]

b) Given the following PERT activity time estimates, determine the expected time and
variance for each activity, and indicate the critical path.

Table 4(b): PERT activity time estimates

.. Time Estimates (weeks)
Activity

a m b
1—2 6 10 15
1—3 2 16
1—4 4 8 11
2—3 3 10 15
2—5 7 9 20
2—6 4 12 15
3—6 3 6 9
4— 6 5 9 16
5—17 3 20 35
4— 7 4 12 16
6— 17 2 9 14




~—

i) Construct the PERT network described by the following set of activities
ii) Compute the expected time and variance for each activity
iii) Indicate the critical path
" iv) Determine the probability that the project will be completed in less than 30 days
[15 Marks]

[Total: 20 Marks]
QUESTION 5

An inventory system has the following annual ordering cost of US$200 per order, an annual
unit carrying cost of US$0.75, and an annual demand of 5000 units (assuming a 365-day
year). Compute the following:

i) Economic order quantity (Analytically and graphically) [5 Marks]
ii) Minimum total annual inventory cost (Analytically and graphically) [5 Marks]
iii) Optimum number of order per year [5 Marks]
iv) Optimum time between orders [5 Marks]
v) Why is it important to hold inventory for mining companies [5 Marks]

[Total: 25 Marks]
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TIME: 3 HOURS FULL MARKS: 100
INSTRUCTIONS: ANSWER ONLY FIVE QUESTIONS

1. What factors affect the supply of mineral resources in:
(1) The short term [10 marks]
(ii) The the long term? [20 points]

2. Market structures can be identified as perfect competition, monopolistic
competition, oligopoly and monopoly types respectively. Give a brief description
of factors that characterize each of these market structures. [20 points]

3. If the marginal revenue function of the firm is given by MR = 100,000-20n, where
n is the total amount of all types of dynamite produced in units. Estimates of next
year’s cost has yielded the following total cost relationship:

TC = 0.2n% + 10,000,000

What volumes of production would have the following characteristics:

a) Break- even point [8 points]
b) Maximum profit [8 points]
¢) Minimum average cost [4 points]
4. Suppose that the demand function for commodity X is given by the equation:

Qyx =60 — 1.5P,2 + 3P, + 0.041

6)) Determine the price elasticity of demand for X when Py = $10, Py = $20,
and I = $5,000. [10 marks]

(i)  What do you understand by the term “cross elasticity of demand”? Explain
what happens when its magnitude assume certain values. [10 points]

5. Discuss the major goals of macroeconomics policy and what instruments can be
used to achieve these goals. [20 points]



6. What do you understand by the term “the principle of diminishing returns’?
Discuss reasons why in the long-run as the scale of operations increase,
diseconomies of scale may set in.

[20 points]

End of Examination



UNIVERSITY EXAMINATIONS

2010 SEMESTER 1 FINAL EXAMINATIONS

MI 469 INVESTMENT ANALYSIS

TIME: 3 HOURS FULL MARKS: 100
INSTRUCTIONS: ANSWER ONLY FIVE QUESTIONS

1. Diatech limited has identified three key parameters as sales quantity, selling price
and total operating costs whose probability distributions were established as

follows:
Sales Probability | Sales price | Probability Total | Probability
Quantity p(Q) per unit p(P) operating p(0C)
Q P) costs
(89
5,000 0.1 $20 0.1 | $100,000 0.2
7,500 0.3 22 0.2 125,000 0.5
10.000 0.4 24 0.4 150,000 0.3
12,000 0.2 26 0.2 '
28 0.1
i) Determine the expected value of each of the above three parameters
[3 marks]
ii) Determine the expected value of the net profit. [3 marks]

iii) Using Monte Carlo simulation technique with the following table of
random numbers below, determine the expected profit and its associated
variance from 10 simulations. Why does this figure from 10 simulations
differ from the one obtained in (ii) above? [10
marks]



Table of Random Numbers

Sales Quantity Sales price Total cost
Random numbers Random numbers Random numbers
0.798 0.690 0.504
0.496 0.053 0.211
0.176 0.569 0.304
0.383 0.067 0.601
0.591 0.942 0.118
0.776 0.583 0.013
0.529 0.597 0.223
0.477 0.545 0.334
0.180 0.009 0.743
0.910 0.132 0.261

iv) From the simulation (assuming each of the ten outcomes has an equal

probability of occurrence), determine the probability of obtaining a greater

than $90,000 profit.

[4 marks]

. Discuss briefly factors that may affect mineral investment decisions in a country.

[20 marks]

. Discuss reasons why feasibility studies are undertaken before an investment is
made. Give the various stages involved in a mine feasibility study. [20 marks]

. Consider the following three mining project proposals:

End of Year Cash I'lows
Proposal Proposal Proposal
A B C
0 -$75,000 -$75,000 -$75,000
1 25,000 20,000 0
2 25,000 25,000 0
3 25,000 30,000 0
4 25,000 35,000 130,000
Salvage value 5,000 2,000 3,000
at end of year 4
The minimum acceptable rate of return is 10%
Determine the most attractive alternative based on:
i) The Payback period [10 marks]
i1) Net present value [10 marks]




5. Some equipment costs $840,000 and has a six-ycar depreciable life and an
estimated salvage value of $120,000 at the end of six years.

Taking into account the salvage value, find the depreciation rate for:

i) Straight-line method - [4 marks]
ii) Declining balance method [4 marks]
i) Sum-of-digits method [4 marks]
What is the book value of the equipment after 3 ycars using the straight-line
method? [4 marks]
What is the book value of the equipment after 5 ycars using the sum-of-digits
method? [4 marks]
6. (1) What is optimum economic life of equipment? [S marks]

(i)  The initial cost of a truck is $30,000. Opecrating costs and salvage values
for the following 10 years are:

Year Operating Salvage valucs
costs

1 10,000 21,000
2 11,000 14,500
3 12,000 10,200
4 13,200 7,000
S 15,000 5,000
6 17,500 3,000
7 21,000 2,500
8 25,000 2,000
9 30,000 1,500
10 35,000 1,000

Assume a Declining balance scheme of 30% and tax rate of 50%

Determine the optimum economic life of this cquipment. [15 marks]

End of Examination



THE UNIVERSITY OF ZAMBIA
FIRST SEMESTER UNIVERSITY EXAMINATIONS

OCTOBER 2010
MI 475: MINE VENTILATION
TIME : THREE [3] HOURS FULL MARKS : 100
INSTRUCTIONS: ANSWER ANY FIVE QUESTIONS. QUESTION ONE IS COMPULSORY.
GRAPH IS PROVIDED '

Question 1

CB and later adit ED. Adit AB connects to the shaft AB, as shown in figure 1. It 1s decided to drive

a lower level DE and deepen the shaft BD. Adits are 1.5 x 2.0 m and the shaft 1.8 x 1.8m. The
friction factor for all airways i1s 0.01 kg/ m’. If the fan is installed to exhaust 30 m> at the collar of
shaft A, determine the quantity that will flow on each level and the mine heads. Solve algebraically or
graphically.

[20 Marks]

A
Shaft
E
D

Fig. 1. Ore-body opened up by adits and shaft

/
/

/



Question 2

b) Determine the speed at which a 1.8m diameter fan should operate to deliver 42 m’/s at 498 Pa
and density 1.36 kg/ m’ . The fan petformance for characteristic curve for a similar fan of 1.20
diametet operating at 1500 rpm and 1.20 kg/ m’ is given in table 1.

Fan Head, H ( Pa) Fan Quantity, Q (m’)
1000 0
800 10
600 20
250 30

Using fan laws, plot fan characteristics curve for 1.8 m operating at 1000 rpm b.) Find speed
necessary for the 1.8 fan to deliver 42 m’/s at 500 pa [20 Marks]

Question 3

a) Given mine schematic diagram in figure 2, calculate the natural ventilation ptessure (NVP)
of the system. [10 Marks]

Qut side T= 40 C°
200 m
Tup =30 T A
Td= 21
degrees
Celstus

b) With the help of clear diagrams briefly explain basic mine refrigeration cycle and what can
be done to the cycle to improve it. [10 Marks]



Question 4

a) What is the estimated time required for the build up in an underground repair workshop of
an average acetone concentration to 750 ppm, given the following standard conditions?

C,=0 ppm, Initial concentration. Start of shift

C,= 750 ppm - final concentration)

V=130 m’ , volume of underground repair work shop )

Q= 2.5 m’/s dilution volume flow rate [10 Marks]

b) With the help of clear diagrams, explain briefly various methods of cleaning contaminated air
in the mine. [10 Marks]
Question 5.

Derive equations for estimating
a) Pressure drop for a fluid under laminar flow, flowing in a smooth cylindrical pipe of uniform

cross section area [15 Marks]
b) Heat pick up in mine road ways [5 Marks]
Question 6

A two mesh network is shown diagrammatically in figure 2. A differential pressure of 2500 Pa is
across the circuit and a natural ventilating pressure (NVP) of 500 Pa is applied acts in the
direction of air flow with mesh 1. A regulator Ry, is constructed in the right most branch in order
to limit the airflow in that branch to 20m°/s. Given the resistance of all airways, find the

distribution of air flow and the resistance of the regulator. [20 Marks]
Q; Ry=1 20m’/s
T - —— -
2500 Q,=|Q,-20 R=0,2
Pa 1 { 2 R Re
nvp
= 500 Pa
Ry=|5
o -
Q; R,=05 Rg=03

Fig. 3. Two -mesh ventilation circuit

END OF EXAMINATION......cccoieniiinninnnn.




THE UNIVERSITY OF ZAMBIA
FIRST SEMESTER FINAL EXAMINATIONS

OCTOBER 2010
MI 535: COAL MINING

TIME : THREE [3] HOURS FULL MARKS : 100

INSTRUCTIONS:
a) ANSWER QUESTION 1 AND ANY OTHER 5

b) QUESTIONS SHOULD BE ANSWERED IN THE ORDER THEY APPEAR
¢) NEATLY DRAWN FIGURES IS A REQUIREMENT FOR THIS EXAMINATION

QUESTION 1

a) What is a FAULT and DYKE? How the normal and reverse faults were originated? [5Marks]

b) Explain how the THROW and SHIFT in the case of a reverse fault can be estimated?  [SMarks]

¢) The Run- of —coal (ROM) generally contains a number of impurities due to which coal cannot be
used unless these are removed. Explain with the help of diagram the method used for this
purpose. [10Marks]

QUESTION 2

a) A coal deposit 5.0 m thick, lying at a depth of 300 m has been planned to mine using board and
pillar mining. Explain, step by step, the process of development, depillaring, decision on the size
of a panel, equipment for cutting the coal and transporting it on the surface keeping in mind the
statutory requirements where ever necessary. [10Marks]

b) In a coal panel , 300 by 300 m, having 12 pillars , at a depth of 300 m to be mined . If the safety
factor of the pillar to be maintained equal to 1.2, find the size of the pillar. Given the strength of
the pillar equal to 10 M Pa and the unit weight of the over lying rock is 25 KN/m’. [10Marks]

QUESTION 3

a) A coal depositedhas been decided to vess extract using a long wall retreat method. DESIGN a
retreat face to produce two million tones of coal per year. Given, no of production shift available
per day is two of 8 hours duration (but the actual production hours is only 70 % in a shift. The
coal deposit is at 700 m below the earth surface and the specific gravity of coal is 1.7.
Name the equipment you will need, with their location on the face , and also the system to
transport the coal from face to the surface. [10Marks]

b) Calculate the expected % convergence in a long wall road way if the depth of coal deposits is at
the depth of 600 m , the thickness of seam to be extracted is 3.0 m . Take the value of Pack
Index= 2 and Floor Index =06. [6Marks]



]

/
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QUESTION 4

‘ a) A coal seam having a thickness of 12 m, at a depth of 600 m to be mined. Describe a suitable

method to mine this deposit [10Marks]
b) What are the different methods suggested to calculate the size of a SHAFT PILLAR? Use a

method suggested by Mining Engineers for a shaft 500 m deep, having diameter equal to 6.0 m

and the thickness of the coal seam extracted is 6.0 m. [6Marks]

QUESTION 5
a) A coal seam having a dip of 23° 5.0 m in thickness, at a dep£h of 250 m, has to be extracted .
Describe an appropriate method keeping in mind that at least 70 % coal be extracted. [10Marks]
b) What is a DOUBLE UNIT FACE? show by means of a diagram and write its advantages over the
Single Unit Face [6Marks]
(@) What are main parameters used in the design of a coal pillar in case of room and pillar mining ?

How can you achieve a particular safety factor for this method? [10Marks]

Qﬂ) Given: Pillar width = 1.5, room width = 4.2, pillar height = 3.0 m, Depth of deposit below the

surface = 300m, Unit weight of overlying rock= 25 kKN/m®, Uniaxial compressive strength = 150
Mpa. Calculate the safety factor of the pillar and comment on the stability of the same [6 Marks]

QUESTION ¢ 7.
a) According to the Coal Mining Regulations certain statutory requirements to be followed against

the dangers from WATER INUNDATION, COAL and SILICA DUST, METHANE GAS, and

FIRE. Write the requirements of these statutes. [10Marks]
b) What is meant by ADEQUATE ventilation? What dangers this likely to cause if this is not

maintained. [10Marks]
QUESTION g

a) What are the general considerations for the adoption for room and pillar and longwall method of
mining? [10Marks]
b) Why there is a variation in the thickness of the coal strata and its rank ? Explain. [6 Marks]

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
FIRST SEMESTER UNIVERSITY EXAMINATIONS
OCTOBER 2010
MI 561: GEOTECHNICL ENGINEERING

TIME : THREE [3] HOURS - FULL MARKS : 100
INSTRUCTIONS:  ANSWER ALL QUESTIONS

QUESTION ONE

Large caverns mined underground are used for a variety of purposes in civil engineering. These
include caverns housing turbines, electrical generators and transformers in hydroelectric projects,
caverns for storing liquid or gaseous fuels, underground warehouse and underground sports
facilities. Because of the high capital costs and the risks associated with public access to these
facilities, care has to be taken in the design of the caverns to ensure that potential risks are kept
to an absolute minimum while, at the same time providing cost effective and practical
engineering solutions.

Discuss the characteristics of large caverns in jointed rock under the following headings

a) Typical Problems

b) Critical Parameters

c) Stability Analysis methods

d) Design acceptability criteria [20 marks]
QUESTION TWO

Foundations on rock slopes act as footings and transmit various service loads depending on
service structures that they serve be it residential accommodation, bridge footings or wall
footings. Discuss the following as related to foundations on rock slopes:

a) Typical problems
b) Critical parameters
c) Analysis methods

d) Acceptability criteria [20 marks]



EN

QUESTION THREE

A typical open pit mine may only suffer two or thrée‘rﬁajof slope failures during its operating
life. This aside, identify the 2 distinct stages followed in the approach to the planning of a slope
stability programme, identifying critical situations as they occur and remedial measures that may
be undertaken. [10 marks]

QUESTION FOUR

A 40m high slope with a face angle of 60° is found to have a bedding plane running through it at
a dip of 30° Sec Figurebelow) - A tension crack occurs 10m behind the crest of the slope and from an
accurately drawn cross section of the slope, the tension crack is found to have a depth of 16m.
The unit weight of the rock is y = 25.23KN/m>, that of the water is Yw = 9.81KN/m?

Assuming that the cohesive strength of the bedding plane is C=47.88KN/m> and the friction
angle @ = 30°, find the influence of water depth Z,, upon the factor of safety of the slope.

Make general comments on your findings.
Note: Use the Charts attached to end of Examination paper for Question Four [40 marks]

QUESTION FIVE
A vertical cut is expected to be made in a closely jointed and completely dry rock mass as shown

in figure below.
////
H




The joints strike parallel to that of the Vertic'all cut. '+
Sliding would occur on the joint surfaces when:
1=30+0.38c
Where t = Shear Stress along the dip and ¢ is the stress normal to the dip plane.

The mass density of rock is 2700 Kg/m®.
Considering a unit length of the cut:
a) Determine the factor of safety of the rock structure when the height was 6m.

b) Calculate the height at which failure would take place. [10 marks]

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
FIRST SEMESTER UNIVERSITY EXAMINATIONS

OCTOBER 2010
MI 575: SAFETY HEALTH AND ENVIRONMENT
TIME : THREE [3] HOURS FULL MARKS : 100

INSTRUCTIONS : ANSWER ANY FIVE QUESTIONS. QUESTION 1 IS COMPULSORY

QUESTION 1

A chemical spill of unknown substance has occurred along Great East Road resulting in widespread
contamination near Marshland area and part of Goma Lakes. In some places,fire is burning and
requites to be put off.As an experton hazardous materials,what advice would you give to people
tasked to put off fire and clean up the spill> Draw up a plan of action to deal with the emergency.

[20 Marks]
QUESTION 2
a) Briefly explain the purpose and objectives of conductingenvironmental audits and
environmental monitoringprogrammes at particular at a particular mine. [10 Marks]
b) Suggest possible ways of financing environmental issues in Zambia [10 Matks]
QUESTION 3

a) An LHD operator works for an 8 hour shift which is divided 1nto:

e 6 hours loading and hauling in environment containing average concentration of CO is 30
mg/m’

e 15 minutes break refueling in a bay in which average concentration of CO is 350 mg/m’ and

e 20 minutes of daily inspection of LHD in a garage containing an average of CO
concentration of 390 mg/m’ . Assuming he spends the rest of the minutes moving in places

where CO concentration is negligible, find the TWA exposure of a driver in a full shift.
[10 marks]

b) What are the physiological effects on workers exposed to high dry bulb and wet bulb
temperatures in the working environment? Suggest possible measures of dealing with such
effects.

[10 marks]



QUESTION 4

1

a) Suggest environmental issues that should be incorporated in mining planning at an eatly stage of

mine development. What is the purpose of incorporating such environmental issues?
[10 marks]
b) Briefly explain the contents of an environmental project brief and state citcumstances under
which it may be required.
[10 Marks]

QUESTION 5

Briefly explain factors hampering effective waste management in Zambia with regard to waste
generation, storage, transportation and disposal. Are the current regulations concerning waste
management in Zambia adequate?

[20 marks]
QUESTION 6

a) Briefly outline the major contents of an environmental impact assessment report (EIA).
What types of projects ate exempted from submitting an EIA in Zambia?  [10 marks]

b) Explain different critetia used in conducting noise sutveys. Suggest control measures
fordealing with industrial noise that cannot be reduced at the soutrce. [10 marks]



THE UNIVERSITY OF ZAMBIA
.FIRST SEMESTER UNIVERSITY EXAMINATION

OCTOBER 2010
; MI 585: MINE TRANSPORTATION

TIME : THREE [3] HOURS FULL MARKS

INSTRUCTIONS: ANSWER QUESTIONS 7 AND ANY OTHER FIVE

(a) Questions to be answered in the way it appears

(b) Neat diagrams and complete calculations are the requirements of this

examinations

QUESTION 1

(a) The correct selection of mine transportation equipment is a sensitive issue in terms
of satch, economy and efficient mining. Write the major factors that governs the
choice of the equipment. [10 Marks]

(b) Write the recommended wire ropes required for the following properties.

1) Winding of cage or skip (iv)  as haulage ropes

(i) as ‘Guide’ ropes W) In cable conveyor belts and

(iii)  In shaft sinking (vi)  Draglines

How often the holsting rope should be tested as per the requirements of statute

and for what parameters? . [6 Marks]
QUESTION 2

(a) What are the different types of mine transport system used underground for
transportation of minerals, materials and men? Between the locomotives and

conveyor belts, compare their merit and demerits. [10 Marks]
(b) What are the most common reasons for the derailments of mine car (or tubs). How
the derailment can be controlled. : [6 Marks]
QUESTION 3

(a) For underground mineral transport system, conveyor belts are getting more popular
particularly the nylon type. Give the reasons for this and recommend the width (in
mm) and expected mineral carrying capacity tonnes/hour for use (i) at face or gate
roadway (ii) trunk roadway. ' {10 Marks]

(b) Calculate the mineral carrying capacity (in t/h) if the width of the belt in 1.0m. The
bulk density of the materials to be transported is 1.35 t/m® and the speed of the belt is
80m/mm. [6 Marks]

QUESTION 4
(a) What are the factors you would consider in the DESIGN of all underground hoisting

system? Write the reasons for the parameters you have chosen. [10 Marks]

1

100
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y(b) Calculate the fleet angle ( in degrees) from the data given below:
V4 > Ratio of (T; /T2) = 2.02.

4
7
2
Y/

-~

where T; and T, are the weight on the loaded cage and empty cage side
; respectively and, |

» Coefficient of friction between the sheave and the winding rope = 0.45

If the fleet angle calculated is not within the recommended range, how can it

be corrected? [6 Marks]

QUESTION 5
5(a) What carves deterioration of winding ropes and how these can be avoided?

[10 Marks]
(b) Name the popular equipment for use for removal of overburden and mineral
extraction in a surface mining.
Recommend and describe all equipment which can be used for both removal and soft

overburden and mineral. [6 Marks]

QUESTION 6
(a) What are the essential considerations in the DESIGN of a pit — top layout for a cage
‘window? Describe with the help of diagrams a suitable pit — top layout wing “trun
tables”. ' [10 Marks]
(b) Whether the above layout can also be used in ‘skip’ winding system? Of not, suggest

a different layout for skip winding with the help of a diagram. [10 Marks]

QUESTION 7/
(a) DESIGN a hoisting system for a drum winder required to life a cage from a 450 m
deep shaft. The other details are given below:-
> Total weight to be operated = 13 tonnes
» Factors of safety for role should be = 10
» Diameter of the dram = 3.0m
» Values of [K] and [S] for round strand rope) are 0.36 and 52 respectively.
In the design you are expected to specify (i) the diameter (mm) of the rope (ii) weight of the
rope (in kg/m) and (iii) total length of the rope (in mm) keeping in mind the statutory
requirement in recommending total length of ropes. [10 Marks]
(b) Write the safety and emergency devices provided in the friction winder system. Write

the purpose of the devices provided. [10 Marks]

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

SCHOOL OF MINES

UNIVERSITY EXAMINATIONS — OCTOBER/NOVEMBER 2010

MM 331 CHEMICAL THERMODYNAMICS 1

TIME: THREE HOURS
ANSWER ANY FIVE QUESTIONS AND ALL CARRY EQUAL MARKS. WHERE
APPLICABLE, ALL CALCULATIONS ARE TO BE PERFORMED
CORRECT TO THREE DECIMAL PLACES.
The gas constant R = 0.08206 litre-atm/(mol)(K)
= 8.314 J/(mol)(K)
1 litre-atm =101.3 joules
1 atm pressure =1.013 x 10° N/m?
cvforanideal gas =1.5R
cp foranideal gas  =2.5R
1 (a) Define the following:

(b)

©

(d

@) A system and its surroundings
(ii) A closed system
(iii)  An open system
(iv)  Equilibrium
(v) A process and its path
(7 marks)

An ideal gas occupies 0.3 litre at a pressure of 1.8 x 10°> Pa. What is the new
volume of the gas maintained at the same temperature if the pressure is
reduced to 1.15 x 10° Pa?

(2 marks)
If the gas in part (b) were initially at 330 K, what will be the final volume if
the temperature is raised to 550 K at constant pressure?

(2 marks)

One mole of an ideal gas at 25 °C is held in a cylinder by a piston at a pressure
of 100 atm. The piston pressure is released in two stages: first to 50 atm;

and then to 10 atm. Calculate the work done by the gas during these
irreversible isothermal expansions and compare with the work done in an

isothermal reversible expansion from 100 atm to 10 atm at 25 °C.

(9 marks)



(2)

(b)

(a)

(b)

Derive the expression

8U) _ (aV)
— ) =cp-Pl—] .
aTt/p aT/p

Show that for an ideal gas (9H/8V)r =0 and (8cy/dV)t =0.

(6 marks)
A system comprises one mole of an ideal gds at 0°C, 1 atm pressure and
volume of 22.4 litres. The system is subjected to the following processes, each
of which is conducted reversibly:

(i) A 10-fold increase in volume at constant temperature,

(i)  then a 100-fold adiabatic increase in pressure,

(iif)  then a return to the initial state along a straight-line path in the P-v
diagram. Along this path, P = - 1.116v + 26 where v is in litres per
mole.

Calculate the work done by the system in each step and the total heat added to
or withdrawn from the system as a result of the cyclic process. For an
adiabatic process involving an ideal gas we have Pv' = constant where y = 5/3.

(14marks)
When tungsten carbide WC was burned with excess oxygen in a bomb
calorimeter, it was found for the reaction

WC(s) + ;oz - WO5(s) + CO; (g)

What is AH? at 300 K? What is the AH? of WC from its elements if the AHQ
for combustion of pure C and pure W at 300 K are -393.5kJ and -837.5 kJ
respectively?
(6 marks)

Calculate the enthalpy change for the industrially important shift-conversion
reaction as

CO(g) + HyO(g) = COx(g) + Ha(g)
at 1200K and at 1500 K.
Use the following additional information:

AHZq, for CO (g) = - 110.520 kJ mol™
AHS for HyO(g) = - 241.820 kJ mol™!
AHB, for COx(g) = - 393.510 kJ mol

Heat capacity data at constant pressure for cp = a+bT+cT? in J mol ' K’

Component a bx 10’ cx10°
CO(g) 28.41 4.1 ' -0.46
H,O(g) 30.54 10.29 0
COx(g) 44.22 8.79 -8.62
Hy(g) 27.28 3.26 0.5
(14marks)




(a) In terms of entropy, state the Second Law of Thermodynamics.
(4 marks)
(b) One mole of an ideal gas is heated from 100°C to 200°C. Calculate the entropy
change if the heating takes place at a constant pressure of one atmosphere.
(4 marks)
(c) A 1500-gm piece of lead at 100°C is placed in 100 gm of adiabatically
contained water at 25°C in a Dewar flask. The specific heat capacity of water
can be taken as 75.44 J/mol.K and independent of temperature; and the
specific heat capacity ofthe lead is 26.7 J/mol.K. The molecular weights of

H>O and Pb are 18 and 207 respectively.

(i) What is the final temperature of the water?
(6 marks)

(i) ~ What is the entropy change of the universe of the system for this
irreversible process?
(6 marks)
(a) A steam engine operating between 150°C and 30°C performs 2000
joules of work. What is the minimum quantity of heat which must be
drawn from the heat source in order to obtain this amount of work?
Which of the following would give a greater increase in the efficiency
of the engine: an increase of 10°C in the temperature of the heat source
(Ty) or a decrease of 10°C in the temperature of the heat sink (T))?
(5 marks)

(b) From 298 K up to its melting temperature of 1048 K, the constant-pressure
molar heat capacity of RbF is given as

cp= 33.3+38.5 x 10° T+ 5.06 x 10° T joules.mol 'K

From the melting temperature to 1200 K, the constant-pressure molar heat
capacity of liquid RbF is given as

cp= -47.3+3.49 x 10° T + 1467 x 10° T joules.mol'K*

At its melting temperature the molar heat of fusion of RbF is 26,400 joules.
Calculate the increase in the entropy of 1 mole of RbF when it is heated from
300 K to 1200 K. Start from first principles.

(15marks)



(a) Define the fugacity, activity and activity coefficient. How are they related to
one another?

(4 marks)
(b) Derive the van’t Hoff equation in the form
dinKp _ AH®
dT ~  RT?
(4 marks)
(©) You are given the following reaction:
Na(g) + 3 Ha(g) S 2 NH;
At 400°C, Kp = 1.60 x 10
(i) What is the value of AG? for the reaction?
(2 marks)

(ii) Calculate the total pressure that must be used to obtain a 10%
conversion of nitrogen to ammonia, assuming an initially equal molar
mixture of nitrogen and hydrogen. Also calculate the corresponding
gaseous partial pressures. Assume ideal gas behaviour.

(10marks)

END OF EXAMINATION IN MM331



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - OCTOBER 2010

MM 411
COMMINUTION AND CLASSIFICATION

TIME: THREE HOURS
INSTRUCTIONS: 1. ANSWER QUESTION ONE AND ANY OTHER FOUR
2. ALL QUESTIONS CARRY EQUAL MARKS

Q1
State briefly but clearly what you understand by the following terms, used in minerals
engineering:

(1) Comminution
(i)  The angle of nip in a crushing operation
(iti)  Classification
(iv)  The angle of repose of a mass of loose material
(v)  Equivalent diameter of a particle
(vi)  Separating size in a classifier in operation
(vii)  Particle size distribution (PSD)
(viii) A modular particle
(ix)  Semi-Autogenous (SAG) Mill
(x) Critical speed of a tumbling mill
[20]
Q2
(a) What do you understand by the term ‘reduction ratio’? Outline the various ways in
which reduction ratio can be defined. Include in your answer the applications and
limitations of the proposed definitions. [4]

(b) What do you understand by the grindability of an ore? Why does the grindability of
an ore frequently vary with size to which the ore is being ground? [3]

() Give the definition of Bond’s work index. 2]

The equation for Bond’s work index can be written as:

FOAS P 0.5
Wi = Wi I:Fo.s _pos :“:1—0—6:'

What do the symbols used in the above equation represent and in which units should

they be expressed? 12]
1



(d) (i) A material has a ball mill work index of 15.6 kWh/ton, and a particle size of
80% passing 1 mm. How much energy would be needed to reduce this
material to 80% passing 100 um in a mill 8 feet in diameter? 3]

(i)  If you want to know the energy required per tonne of this material in the size
range 1mm to 36 um (80% passing size), could you simply use the same
equation that you used under 2d(i)? Explain your answer. [3]

(iii)  If it is required to mill 11000 tonnes/day of the material from 1mm to 100 pm
in 3 shift operations, with an expected mill availability of 92%, what minimum
horsepower should be installed in the grinding section, based upon the above
data ( 1Thp =0.75 kW). [3]

Q3

(a) Draw a functional sketch of a hydrocyclone in operation, name its parts and describe
its separating action (or classification mechanism). Describe how the cyclone
efficiency can be expressed and draw two rough diagrams, illustrating this for a high

efficiency and a low efficiency cyclone respectively. [6]

by @ What are the main design variables of a hydrocyclone? [4]

(i)  For each of these design parameters, give an indication of its relation with the
flowrate of the feed, with the cyclone inlet pressure and with the separating
size. [6]

(iii) ~ What can you say about the products from a hydrocyclone as compared to the
products of a mechanical classifier? Explain briefly. [4]

Q4

Consider a grinding circuit shown in Figure 1 below, consisting of a rod mill in open circuit
and a ball mill in closed circuit with a hydrocyclone: On the basis of Figure 1, answer the
following:

(@ What is understood by the “circulating load” in this circuit? 2]

(b)  How can you express the circulating load as a percentage of the tonnage of fresh feed
into the circuit, using only the size analyses of the particle size fractions? [2]



(©

(d)

(e)
®

(g)
(h)

COF to flotation

From mill bin r-—>
crusher product CF
A Hydrocycione

CUF

Ball

/ Mil

Pump
Box g

1 Pump BMD

Figure 1: Rod mill-Ball mill-Cyclone Circuit

Imagine that, as part of a survey of the above circuit, samples are taken of the rod mill
and ball mill discharges and of the cyclone overflow and underflow, and that screen
analyses of the composite samples gave the following results:

Size fraction Weight Percentages Retained
(nm] RMD | BMD CUF COF
+212 35.1 24.4 34.9 3.6
+ 150 11.7 21.6 25.1 1.2
+ 106 5.8 25.0 22.5 13.3
+ 75 6.4 13.2 9.2 18.4
+ 53 7.4 10.4 3.9 26.9
- 53 33.6 5.4 4.4 36.6

Calculate the circulating load as a percentage of the new feed over the ball
mill/cyclone circuit, based upon these screen analyses. [2]

If the feed to the rod mill is 95 t h™' (dry weight), what is the actual feed rate to the
ball mill, based upon your answer to question (c)? 2]

What is the size distribution in the cyclone feed, based upon the above data? 4]

From these data, calculate the recoveries to the cyclone underflow for the different

size fractions and plot these against particle size on a graph paper. [4]
What is the separating size in this cyclone operation, based upon these data? [2]
What is the “imperfection” in this cyclone operation, based upon these data? [2]



Q5
(a)

(b)

©

Q6
(2)

(b)
(©

(d)

Q7

(i) In industrial screens, the openings are often rectangular (“slotted”) rather than
square. What can you say about the advantages and disadvantages of
rectangular openings as compared to square openings in industrial screens?

(ii) Screens with rectangular openings can be positioned with the largest
dimension of the opening in the direction of feeding, or they can be positioned
perpendicular to it. What would be the advantage(s) in each case?

(1) Industrial screens are required to give a number of effects to the particles on
the screen. These effects are mainly achieved by shaking and vibrating the
screen. List the four most important requirements and explain briefly why
each of these effects is important.

(ii) Describe briefly how these effects can be achieved on a shaking screen
with a Ferraris-type of support. You can make a rough sketch as illustration.

(i) Give four reasons why industrial screening is carried out.

(i)  Give three reasons for using double-deck screens rather than single-deck
screens in concentrator crushing plants.

Give a brief discussion on the flow of ore in bins and illustrate this with rough
sketches. Discuss problems of segregation, of arching, of piping, of compaction and
of dead ore in the bin. (6]

Roughly sketch the main types of bin design and discuss each of these briefly. [4]

If, with simultaneous feed and discharge, you see the level of ore in the bin rising,
will the discharge of the bin then be coarser, finer or of the same average size as the
feed to the bin? And if the level is falling? Explain your answer briefly. [5]

State briefly why all longer belt conveyors and all inclined belt conveyors should be
equipped with a belt take-up. Give and discuss two different types of belt take-up. [5]

The flowsheet shown (See Figure 2 attached) below is that of a tin concentrator treating 30
dry tonnes per hour of ore.

The ore, containing 10% moisture, is fed into a rod mill, which discharges a pulp containing
65 % solids by weight. The rod mill discharge is diluted to 30% solids before being pumped
to cyclones. The cyclone overflows, at 15 % solids, are pumped to the slimes treatment plant.

The cyclone underflow, at 40% solids, and containing 0.9% tin, is fed to a gravity
concentration circuit, which produces a tin concentrate containing 45% tin, and a tailing
containing 0.2%.



The tailing slurry, containing 30% solids by weight, is dewatered to 65% solids in a
thickener, the overflow being routed to the mill header tank, which supplies water to the
rod mill feed and rod mill discharge.

Calculate:-

1) The flowrate of make-up water required for the header tank [4]
(i) The water addition needed to the rod mill feed (4]
(i) The water addition needed to the rod mill discharge [4]

(iv)  How much water is contained in the cyclone overflow per hour?  [4]

v) The recovery of tin to the concentrate [4]
Feed
Make-up Water
Water _
A o
Rod
Mill Header Tank Mill
A
] Water -~
Underflow Overflow
Cyclonef—»
e "
Tailings Gravity
< Circuit >
Water Concentrate

Thickener

Dewatered Tailings

Figure 2: Tin Concentrator Circuit

END OF EXAMINATION IN MM411
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MM 421 - PHASE TRANSFORMATION

THREE HOURS

ANY FIVE QUESTIONS AND ALL CARRY EQUAL MARKS

(b)

©

If it is given that a dislocation, b, is of mixed type and resolved as

by and b,, and assume that the vectors are at right angles and there is
no energy associated with the two vectors. What is the total elastic
energy of the two dislocations if edge dislocation strain energy is more
than that of the screw type by a factor of [1/(1 - v)] where v is Poissons

ratio.

G.b?

R, . . . .
Eelastic (screw) = v In (=) isthe strain energy for a screw dislocation
¥4 To

[12]

Is energy per unit length in the above dependent on character of the

dislocation? [4]

Explain why dislocations of opposite sign attract each other when
close together to reduce their total elastic energy in terms of their

effective Burgers vector.

[4]



(2)

(b)

(©)

(a)

(b)

(©)

Why are vacancies important and what happens when they exist

in metals and alloys? [6]

It has been shown that the ratio of vacant or equilibrium vacancies to
occupied sites (i.e. vacancy concentration) in a material can be

expressed as;

ﬂ‘q . _ ﬂ
Nng RT

Using the above expression, determine the vacancy concentration in
copper at 1350 K and when it is slowly cooled to 300 K? What could
have happened to the vacancies during slow cooling in the said

temperature range? (H, = 83,700 J/mol and R = 8.31 J/mol K). [8]

What would happen to the vacancy concentration in (b) if the copper

metal was actually quenched from 1350 K to 300 K? [6]

How would the property of hardenability best be measured in a given
type of steel taking into account the elimination of the variability of

the severity of quench? [6]

What do the eutectic and eutectoid reactions yield in the iron carbon

system and suggest one important application for each? [6]

Two steel specimens are austenitised at 760 °C and are allowed to cool
to room temperature by the following means below. How would

describe the microstructures? [8]

(1) Cooled to room temperature in less than 1 second
(ii) Quenched to 550 °C and held at this temperature for a day and

then finally to room temperature.



(2)

(b)

(©

(a)

(b)

(©

AG = 4nr? v+ -:—rrr3AGv

(i) Define the terms in this equation and sketch the form of AG
Versus r. [6]

(ii) Derive the equations for r* and AG* from the above equation.
[4]
(iii) A material has the value AGy = -8 MJm™ and y=0.4 Jm™ for
particles of a second phase to form. Calculate the critical

particle size and the critical free energy for homogeneous

nucleation and growth of the second phase. [2]
Name the two stages involved in the formation of particles of a new
phase. Briefly describe each. [6]
What determines the overall rate of phase transformation? 2]

Briefly explain the concept of unsteady-state and steady state as it
applies to diffusion. Name and define the atomic mechanisms involved
in diffusion. [8]

A plate of iron is exposed to a carburizing atmosphere on one side and
a decarburising atmosphere on the other side at 700 °C.If a condition of
stead state is achieved. Calculate the diffusion flux of carbon through
the plate if the concentrations of carbon at positions of 5mm and
10mm beneath the carburizing surface are 1.2 and 0.8 kg/m’
respectively. Assume a diffusion coefficient of 3*10"''m?%s at this

temperature. [6]

A sheet of steel 2.5 mm thick has nitrogen atmospheres on both sides
at 900 °C and is permitted to achieve a steady-state diffusion condition.
The diffusion coefficient for nitrogen in steel at this temperature is
1.2 *10™'° m/s and the diffusion flux is found to be 10*107 kg/m?/s.
The concentration of nitrogen in the steel at the high pressure surface
is 2 kg/m’ . How far into the sheet from this high-pressure side will the

concentration be 0.5 kg/m3? [6]



(a)

(b)

The equilibrium diagram for the Ag-Cu system is given in

Figure 1. Describe the phases that are present when alloys of
composition (i) Ag-4 wt% Cu and (ii) Ag-40 wt% Cu are cooled from
the liquid state to room temperature. Estimate the mass fraction of

solid B phase present in both alloys at 780 °C and 778 °C.
[10]
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Figure 1

Consider the 40 wt% Ni-60 wt% Cu alloy at 1250 °C in Figure

2. Determine the composition for the phase (s) present, and compute

the fractions of each of the phase(s)present. [6]
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(c) In Figure 3 is shown the pressure-temperature phase diagram for H,O. Apply

the Gibbs phase rule at points A,B, and C, that is, specify the number of

degrees of freedom at each of the points. What do the calculated values mean?

Pressure (atm}

10,000

1,000 =™ e

100 [~

0.1 o

0,01 frrpmvinnndh o B i

/C | !
0.001 I A N |

~20 0 20 40 60
Temperature (°C)

120

Figure 3

END OF EXAMINATION IN MM 421
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ANSWER  ANY FIVE QUESTIONS. THE CREDIT FOR A FULL ANSWER IS
SHOWN IN BRACKETS BESIDE EACH QUESTION.

1(a) What steps may be used for material preparation prior to leaching?
Account for the importance of each process cited. (6%)
(b) What is agitation leaching and why is it a popular leaching
method? (6%)
(c) Use Fick’s first law of diffusion to identify parameters that are

important for boundary layer diffusion during leaching. Assume

Nernst’s diffusion model is valid. (8%)

2(a) As used in copper electrometallurgy, what is periodic current

reversal and explain if this process can be used for copper

electrowinning. (5%)
(b) What is the energy required (in kWh) for copper electrowinning

at 2.5V if the current efficiency is 90%? (Atomic weight Cu=63.5;

F=96500 C/mol) (5%)
(©) Calculate the time (in hours) needed to deposit lkg of cobalt

onto a cathode placed between two anodes during electrowinning,

The current density is 200A/m? on a submerged cathode area of

1m?® while the current efficiency is 80%. (Atomic weight

C0=58.9; F=96500 C/mol (10%)



3(2)

(b)

©

4a)

(b)

(©)

Explain how co-precipitation occurs in chemical precipitation and
how its extent may be minimized. (6%)
Outline, with the aid of an appropriate example in each case,

how crystallization is brought about in the metallurgical industry. (6%)

Given the data below, draw two lines that would form part of the
nickel-water Eh-pH diagram at 25°C. Assume ionic activities are
equal to molar concentrations and that nickel ions are at 10>M. Label
both sides of the lines and state the co-ordinates of the

point of intersection. (8%)

Data: F=96500 C/mol; R=8.314 J/K/mol
Ni** + H,0 = NiO + 2H* K=6.6*10"

NiO + 2H" + 2&=Ni + H,0 E/= 0.11V

In solvent extraction, what is a pH isotherm and how is
it determined? (5%)

How is a McCabe-Thiele diagram for stripping generated
and used? (9%)

In a stripping experiment 500 cm? of a loaded organic is
stripped with S5ecm’ of a strip solution. If 90% of the solute
is stripped, what is the value of the stripping coefficient? (6%)



5(a)

(b)

(©)

How does the sorption mechanism of solute onto activated
carbon differ from that of solute loading onto an anion ion

exchange resin?

Explain why the cementation of copper on scrap iron

requires a higher than stoichiometric amount of iron.

Hydrogen gas at a partial pressure of 200 atmospheres is
used to precipitate cadmium from a solution at 250°C.

What pH of the solution will yield an equilibriun activity of
Cadmium of 107'%?

(F=96500 C/mol; R=8.314 J/K/mol)
Cd* +28=Cd E/=-0.40V

2H" +28=H, E/ =0V

END OF EXAMINATION IN MM 441
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THREE HOURS

ANSWER  ANY FIVE QUESTIONS AND ALL CARRY EQUAL MARKS

First Quatum Plc in Solwezi have just opened a Cu-Co mines with an ore
containing 3% Cu in the form of chalcopyrite (CuFeS;), 0.02% Co as
Carrollite (CoCu;SO4) and the remainder being predominately siliceous
gangue (s.g 2.7). The ore is stage crushed from ROM of about 2000 mm
to —12mm and sampled before being further treated. The output from the
Gyratory crusher is fed to storage bins via a conveyor system at an average
rate of 100 tonnes per hour. Assuming that the crushed material is thoroughly
mixed, determine the limit of error (at 99% confidence limited) in the Cu
assay introduced by taking a lkg sample from the conveyor at intervals of
Ya an hour. A test of the ore showed that the maximum Cu content of the
largest piece in the sample is 10% Cu. The specific gravity of chalcopyrite is
4.2. Take the shape factor and size factor as 0.5 and 0.25 respectively.

Discuss the most appropriate sampling method to be used. [20]

(a) What are the advantages of using particle size distribution functions
over the other methods of presenting sizing data? [5]

(b) What is the general equation of particle size distribution function.
Outline the significance of the parameters with reference to the
Guadin-Schulmann and Rosin—-Rammler functions. Show the

relationship between the two functions. [10]

() A particle size distribution of the ore is known to follow the G.S.
function with 90% and 50% of the particle being less than Imm and
0.5mm respectively. What is the weight percent between
10 um and 20 um ? , [5]



(2)

(b)

Explain how an electrical double layer may be formed when minerals
are put in a solution. [4]

What do you understand by the following terms?

e Electrophoresis [2]
e Streaming potential [2]
e Electro osmosis [2]
e Sedimentation Potential y [2]

How can you measure the first two and give detailed explanation of how

Electrophoresis will lead to establishing the zeta potentials and explain how

this may be use in the separation of different minerals. (8]
What is the purpose of particle size reduction in mineral processing? (4]
@) Give the various definitions of “Reduction Ratio” and identify the most
important definitions. (8]
(i)  In Energy-Size reduction relationships as used in the design of
comminution equipment, empirical “laws” are normally used. Name
these laws and explain on which basis each one is used. Using a
generalised equation derive each on of them. [6]
(iii) ~ What do you understand by the term “Bond index? [2]
(a) “Only regular geometrical shapes can have their sizes conveniently
qualified”. Discuss the implications of this statement with regards to:
@) The various definition of “size”
(ii) Applications of these definitions size. [10]
(b) Discuss the principle involved in incremental methods and show how
the data obtained may be useful. [6]
(©) Describe the Andreassen pipette and the interpretation/calculation of

results. What are the main disadvantages of this apparatus? [4]



The following data refer to the adsorption of n-butane at 273 K by a sample of
tungsten powder which has a specific surface area (as determined from

nitrogen adsorption measurements at 77 K) of 6.5 m?g™":

Relative pressure (p/po) 0.04 010 0.16 025 030 0.37
Volume of gas adsorbed/ .
em® (s.t.p.) g 033 046 054 064 070 0.77

BET equation may be written as:

p 1 +(C~1)(1]

np,-p) n,C nC \p,

Use the BET equation to calculate a molecular area for the adsorbed butane at
monolayer coverage and compare it with the value of 32.1 x 10%°m? estimated
from the density of liquid butane. Explain the reasons for having two different

values. [20]

END OF EXAMINATION IN MM 515
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ANSWER: Question 1 and FOUR other Questions

1. (a) In class, it was stated that the force (or pressure) P required for metal fabrication has three components
and can be expressed as

P = f(oo) + f(u) + f(CO)

where o, = yield strength, p = coefficient of friction and C = geometric factor that is characteristic of
the particular mode of working. Explain how each one of these components affects the overall force

(or pressure) requirements during metalworking.
(b) Show that the work for plastic deformation during metalworking is

YKgmt1
L ——]

(c) Justify why during most metalworking processes it is essential to subject the stock material to stress
levels that will cause it to yield.

2. (a) Using the sketch below, describe the processes that are taking place during deep drawing as the stock

[P

material moves from “a” to “f.
Movement

Punch

Btank
holder

(b) How will the total load change with punch movement?
(c) Describe the problem of springback during bending.
(d) In class, it was stated that the force for bending P can be expressed as



o,Lh? a
tan

- 2(R +1/,) 2

Discuss how each one of the variables in this expression can be optimized in order to minimize the
bending force.

3. (a) Why is a cluster mill a much better design as compared to other mills?
(b) What is the effect of applying front and back tension on the rolling load? Your discussion should
include the effect of front and back tension on the size of the “friction hill.”
(c) Determine the deformed radius of curvature of steel rolls 500 mm diameter, rolling copper strip 800
mm wide and 75 mm thick, given 20% reduction, if the yield stress of copper is 675 N/mm?. For this
steel Y = 0.35 and E = 2.01 MN/mm?”.

(d) For the steel rolls in question (c), calculate the minimum gauge of steel with a flow stress of 530
N/mm?, which can be rolled in this mill (u = 0.135).

P =0,bVR Ah
(1-7vy?
=1 B
C 6 7
R - CP’
R~ b Ah
hmin = CuRa,

4. (a) Suppose you wanted to punch-out an N-shaped object from the stock material shown below containing

a series of horizontal flow lines. Explain why both of the two N-shaped objects depicted here would
not be good designs?

paN
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N XX
AN NN~ 2
ANAN AN
A\ S
— T ——— v

(b) Discuss how you can come up with a properly designed N-shaped object from the stock material in

part (a). Your discussion should include an appropriate sketch of the properly designed N-shaped
object.

(c) For a piece of metal of thickness h, width 2a and length 1, show that the forging pressure p exerted on
it at various points by the press is

p =0, [1 +27#(a—x)]

where 6,” =1.150,. A von Mises yield criterion for plane strain conditions is



3

£
V3

0, — 03 = —0, = J,

5. (a) What is meant by redundant work in extrusion? With the aid of appropriate sketches, show how you
can determine the existence of redundant work during extrusion.
(b) The curves for the variation of extrusion pressure with ram travel for different types of extrusion are
shown below. Justify the differences in the extrusion pressures for these two types of extrusion.

<
S
S, ‘
%&9’/}

Indirect extrasion

Extrusion pressure, tons /in?

Rom travel, in. —

(c) Where would the curve for hydrostatic extrusion lie with respect to the two curves shown above?
Explain your reasoning.
(d) A 40 mm long, 30 mm diameter billet is used in a direct extrusion press. When its length has been

reduced to 20 mm, the extrusion pressure was found to have decreased by 30%. Use this information
to estimate the coefficient of friction for the process.

4ul

P =Do eXp-D—

6. (a) Tubes made by extrusion and rolling are usually finished by drawing. List the advantages of such tube
drawing processes.
(b) The figure below shows the drawing processes with and without back tension. P = drawing force,
T = tension in the stock material, Q = back tension, Y; = yield stress of material before drawing and
Y, = yield stress of material after drawing. Discuss why the presence of back tension does not
actually result in savings in amount of work required for drawing.



Without Back Tension With Back Tension

(c) Describe how the presence of back tension reduces die wear by “ringing.”
(d) Inclass, it was shown that the drawing stress Ai in the presence of friction can be expressed as
2

P _ Ay
A_z = G,¢ [ucota+1] Inl—q—2

Discuss how variations in a affects the drawing stress.

What is ¢ and why is it important to include it in such an expression for the drawing stress?

Question 1 2 3 4 5 6
Points 15 18 18 18 18 18

END OF EXAMINATION IN MM525



