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Far

Cost/Benefit Analysis and Quality Control

he value gained by the demining of farmland

s estimarted and compared with the cost of

demining for manual demining and mecha-
nized demining. It is found chat for farmland used
for growing ordinary crops (as opposed 10 “uxary”
crops yielding higher prices) the cost of demining and
recultivation for reasons of economy is not to exceed
40 cents (U.S.)/m?. To reach this target requires
mechanized demining wherever possible, confining
manual demining to areas 0ot suitable for mechanized
demining. A method is shown by which 100 percent
safety of the demined area can be achieved and which
facilitates quality control. The required capacities for
mechanized and manual demining are estimated in
relation to the time schedule for the worldwide
demining of all mine affected and mine suspected
farmland.

Introduction

Following general convention, we shall use the
term “demining” for both the removal or destruction
of mines and of unexploded ordnance (UXO). While
the demining of residential areas and other areas,
which must be accessible o people for satisfying their
basic needs, are to be considered solely under the
humanitarian aspect of safety, this is not necessarily
true for mine polluted farmiand, The justification for
its demining and its simultaneous or subsequent
recaltivation depends on the answers to the follow-
ing questions:

1) Is the use of the land o be demined essential
for the subsistence of the population or can it be re-
placed by available land that is not mine suspected?

2) What is the relation between investment in
demining and the cost that would arise from the sup-

port of the people deprived of their land?
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3) What is the benefit to cost ratio? In othet
words: Does the income from the use of the reculti-
vated land justify the investment in its dernining?

The Evaluation of Mine Affected Farmland

A suitable indicator for the economic value of
mine affected farmland is the annual earnings derived
from its use after having been demined. As shown in
Table 1, taken from (1), values for production, rev-
enue, cost and specific earnings, the latter expressed
in U.S. dollars per square metet (see also fig.1} are
depending strongly on the type of crop. The values
refer to European conditions and are, therefore, not
directly transferable to most mine affected countries
(in particular developing countries) where production
volume, market prices and cost of operation are lower.
Accounting for these differences, the earnings per unit
area listed in Table 1 are to be considered as upper
limits.

Leaving vines and apples aside because of the
time lag berween the planting of seedlings and the
first hatvest, we notice the enormous difference in
specific earnings berween luxury crops, such as aspara-
gus, brussel sprouts and scrawberries, and those of
peas, maize 0ats, SUFAT beets, and soybeané. [t must,
however, be leptin mind that in order to achieve high
carnings from said luxury crops, in general, refriger-
ated storage Facilities and access to a market for these
crops are prerequisites. The earnings for a mix of or-
dinaty crops that constitute base nutrients for the
people of mine affected countries, amount, on the

basis of Table 1, to approximately 10 cents/m’ year.

The validity of this approximate value is con-
firmed by using a different approach hased on (2}
according to which one square Kkilometer (1,000,000

m?) of farmland on the average produces nutrients
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for approximarely 1,000 people. If we are taking into
account that a typical figure for food consumption
per capita in developing countries is $100 per year,
we again arrive at 10 cents per m’ year,

Let us emphasize, however, that this figure is not
more than an approximated global average. As capi-
talization of this value is difficult, we shall atcempt
to calculate the value of the land on the basis of the
financial capabilities of the farmers taking a loan
under the condition of annual redemption rates
amounting to 20 percent of the annual earnings—2
cents/m?over 20 years. Based on this assumption, the
annual repayments would accumulate 40 cents/m?
without considering interest.

In this connection, we would like to stress the
need for agricultural experts to be consulted before
commencement of the demining for evaluation of the
land and recommendations as to its optimal use. For
our furcher investigation, we shall assume a value of
the land of 40 cents/m? as a critical limit that, if ex-
ceeded, confines the demining to a strictly humani-
tarian undertaking,

The Cost of Demining

In the case of manual demining, removal or de-
struction of a mine is always preceded by its detec-
tion and localization in the soil. It comprises the main
part of the demining work and accounts for the ma-
jor part of its cost. By contrast, with mechanized
demining, mine detection as a separate time and cost
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consuming process is omitted because of the tools
moving through the soil striking and fracturing che
mine without previous identification of the mine.
Further advantages of mechanized demining vs,
manual demining result from its crushing of scrubs
and other vegetation and from simultaneously pre-
paring the soil for agricultural use. In other words,
mechanized demining combines the process of
demining with land recultivation. Mechanized
demining also enables an accurate control with re-
spect to the area being completely clear of mines,
contrary to manual demining in which achieving 100
percent safety of the demined area is impossible.
Whenever an area is “mine suspected,” manual
demining requires the attempt of mine detection over
the entire area. Should no mine be detected, the
whole process is useful only with respect to assign-
ing a certain probability of safety to the land before
its reculrivation. In contrast, with mechanized
demining, the land recultivation achieved represents
an upgrade in the value of the land which is inde-
pendent of whether or not the land was mine affected
ar merely mine suspected. Bur for applying mecha-
nized demining, two prerequisites must be fulfilled:
O#ne: The area to be demined must be accessible
to the carrier vehicle of the equipment.
Tiwo: The land to be demined must be approxi-
mately level, at least if heavy carrier vehicles are ap-
plied.

For this reason, manual demining can never be

TABLE 1- PROFITABILITY CALCULATION FOR VARIOUS CROPS
QUANTITIES REFER TO 1 HECTAR (10,000 M2} AND 1 YEAR UNLESS STATED OTHERWISE

STRAW

BERRIES prRLES

VINE

Production
Revenue per kg
Operating Revenue
Seeds
Fertilizer
Protective Agents
Diverse
Total Direct Cost
Machinery and Equipment
Contribution |
Working Hours
Cost of labor per hour
Costoflabor =
Eérnings ._
Earnings per unit area

kg 17,000.00
USS/kg 2.35
Us$ 40,000.00
Uss$ 9,194.12
uss | A47.06
uss 1,620.41
LSS 10,000.00
uss 20,870.59
uss. | 4,900.00
uUss 14,229.41
no . 270
3.5 US$
uss~
uss

ussm2 |

22,400.00
0.59
13,176.47
2,539 41
152 94
950.00
2,352.94
5,995.20
997.65

- 6,183.53
560

0268
11,011.76
928 82
28588
1,018.24
34529
2,578 24
126.47

29,000.00
1,480.59

. 24529
847.06
1,352.94
3,925,88
2,823 53
282353
750 870
952.94
13,276.47
1,33

1,976.47
4,207.06

2,647.06
19,603.53

3,070,59
6,136.47

© . D42 - 1.96 0.61
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CARROTS

45,000.00

9,207.06

ASPARA-
GUS
- 2,400.00
6.76
16,235.29
1,352.94
282.35 |
464 71
1,235.29
3,335.29
294,12
12,605.88
870

BRUSSELS
SPROUTS
10,500.00
1.59
16,676.47
1,645.2%
307.65
89176
260.59
3,105.29
764.71
12,806 47
R s

POTATOES S0JA

2,700.00
0.97
2.620.59
14118
58.82
8824
270.59
558.82

28,500 00
029
8,382.35
1,764.71
264.71
405 88
176.47
2,611.76
1,178.47 470 59.
4,594,412 | 1,5¢1.18
270 | .- 43

3,42353
9,182.36
0.92

15176
1,439 41
0.14

952.84
3.641.18
. 036

© 3,000.00
_ 9,806.47
098

| OR VARIOUS CROPS
BLE 2- PROFITABILITY CALCULATION F :
QUANTITIES -II;AEFER TO 1 HECTAR (10,000 M2) AND 1 YEAR UNLESS STATED OTHERWISE

SUGAR

BEETS

" Production ' kg 65,000.00

| Revenue per kg US$/kg - 007
. Operating Bevenue. Uss 458824
Seeds uss 235.29
Fertilizer l_JS$ .192.94
Protective Agents uss 364.71
Diverse Uss . 117.65
Total Direct Cost uss 910.59
Machinery and Equipment Uss 1,058.82
Contribution | Uss 2,618.82
Working Hours 1h 170

Cost of labor per hour 3.5 USS

Cost of labor uUss 600.00
Earnings uss 2,018.82
Earnings per unit area US$/m2 0.20

- WINTER
PEAS (n?lg;hé) RAPE | wHEAT |
450000 | 7,500.00 | 3,000.00 | 8,400.00
085 0.32 0.97 0.47
156176 | 2,38235 | 291176 | 3011.76
188.24 176.47 64.71 147.06
8235 164.71 223.53 188.24
100.00 15882 | 20000 | 21765
28471 752.94 { 400.00 294,12
63520 | 1252094 | 888.24 847.06
441.18 40412 | 35294 411.76
48529 635.29 | 1,670.59 | 1752.94
SR R o (R - R .
162.35 144.18 158.82 141,18
322,94 49412 | 151176 | 161176
0.03 0.05 0.15 0.16

totally replaced by mechanized demining. A rough
estimate indicates that one third to one half of tl’llf:
land on carth to be demined must remain the domain
of manual demining, possibly partly assisted by sm_all
scale mechanized demining applying special equip-
ment.

Based on data taken from (3), we estimate the
lower limic of all mine suspected land area at 100,000

km?.

The Cost of Manual Demining.

According to (4), the global average of cost per
deminer amounts presently o approximately $10,000
per year, with approximately one half c.lelcgated for
wages and housing and the other half indirect cost
for training, support and administration and capital
cost and depreciation of equipment.

The clearing rate per deminer depends on-the
mine density since removal or destruction of mins
consumes time. It further depends on terrain COl.ld.l-
tions, topography, soil properties and vegetation.
According to (5) and (6), typical clearing rates of mmf
suspected and mine affected areas vary between 4 m*
per man-hour and 7 m? per man-hour.

Because of the extreme physical and mental stress
to which deminers are exposed, their daily working
time may, for reasons of safety, be 1imited. by local
regulations. In Croatia, for instance, the daily work-

ing time for a deminer is limited to five }llours. In
other couniries, such restrictions do not exist. Thl:ls,
the range of wotking hours per man and year \-ranes
berween 1,500 (Croatia) and 2,600 {Afghanistan,
Cambodia). .
From the above figures we receive the following
Jower and upper limits for the area cleared per man

ear.
e };Jower limit: 4 m*h x 1,500 h/man-year = 6,000
m%fman-year

Upper limic: 7 m*h x 2,600 b/man-yeatr =
18,000 m*/man-year

If we now assume that the above quoted annual
cost per deminer applics in both cases, we receive for
the specific cost of manual demining. )

Lower limit: ($10,000/man year) / (18,000 m {
man year) = 57 cents/m ]

Upper limit: ($10,000/man year) / (6,000 m /

car) = $1.70/m?

manl}; m)ust,&;however, be kept in mind thar these
values are valid for only one manual demining pro-
cess. Should for reasons of safety a second indepen-
dent process be required, the above values will double.
As a consequence, at a global average, the aF)o.ve as-
sumed critical limit for the economic demining of
Earmland of 40 cents/m? cannot be reached by manual
demining, making the latter a humanirarian under-

taking.

ng] =

RYE

5,900.00
0.44
2,429 41
105.88
135.20
152.94
57059
§64.71
41176
1,352.94
40

141.18
1,211.76
0.12

OATS

5,500.00
0.29
1,617.65
100.00
147.06
94.12

- 22941
570.59
411.78
£35.29
40

141.18
494.12
0.05

————
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The Cost of Mechanized Demining

that has not been walked upon. As a consequence,

In view of the omission detection process with — any safery factor less than 100 percent is not toler-
the mines being fractured upon impact of the destruc- ~ able.

tion tool before detonation, the demining rate is prac-
tically independent of the number of mines struck.
In other words, whether an area is merely “mine sus-
pected” or actually “mine affected” does not have a
considerable effect on time and cost if we neglect the
time and cost for the repair of damaged tools.
Depending on topography and soil condition,
realistic clearance rates for machines of 1000 kW
power are between 3,000 m*hour and 5,000 m?/
hour. With an average of 12 wotking hours per day
and with 250 working days per year, we arrive at a
total of approximately 3,000 working hours per year.
We then receive the following limits for the area
demined per year by one machine:
Lower limit: 3,000 m%*h x 3 000 hfyear =
9,000,000 m*/year = 9 km?/year
Upper limit: 5,000 m%h x 3,000 h/ year =
15,000,000 m*/year= 15 km*/year
*T'he term “year” stands for machine year.
Unlike in manual demining, these figures stand
for the complere recultivation of land, which, after
completion of the whole process, is ready for agricul-
tural use.
The price at which mechanized demining is
available is regulated by the market. For the award-
ing of demining contracts, the offered price is an
important factor. A cost estimate for the operation
of mechanized demining equipment indicates thata
price of 40 cents per m? equal o the above-assumed
critical limit should cover cost and profic at least for
demining equipment. This takes into account the use
of commercial tractors as carrier vehicles as opposed
to modified battle tanks or newly developed special
carrier vehicles, which can hardly be conceived tw be
competitive with respect to cost,

Safety and Quality Control

As one can easily recognire, the safery of a
demined area is solely a function of the number of
mines left undetected per unit area. In order to de-
termine the efficacy of a certain demining process,
one must experimentally determine the number of
mines left undetected per unic area after application
of the respective process. It goes without saying thar
the boundary conditions for such an experimentally
determined value vary from case to case, depending
on the rype of mines and their placement in the soil.
As far as farmland is concerned, it is to be expected
that within one season there is not a single spot left

Published by JMU Scholarly Commons, 2000 wolm

Solution for Combining Economy with Safety
The only way to achieve 100 percent safety is to
apply a tool that combs the whole volume of soil to
be demined with a kinetic energy and momentum
sufficient to fracture each mine upon impact. This
principle has already been applied to equipment de-
veloped by a number of manufacturers and some has
been field-rested. It consists, as is well known, of a
rotating drum with chisels or tool bits artached to its
perimeter. The drum, in turn, is attached o the front
of a carrier vehicle. It is driven by a power supply at
a rotational velocity much larger than the forward
speed of the vehicle. The position of the chisels or
tool bits are exactly defined with respect to the axis
of rotation so that their paths through the soil can
be exactly traced for a given ratio of carrier speed to
rotational velocity.

In order to ascertain that no object above a cer-
tain size, 1.e., that of the smallest possible mine, can
escape being struck by a chisel or rool bir, the fol-
lowing condition must be fulfilled:

{(6x10° /D vin<c

where

¢ = minimum size of the object measured in mm

i = number of tools per row over the paramerer

of the drum
v = transverse velocity of the carrier vehicles
measured in m/sec
n = revolutions per minute of the drum
What is now needed to ascertain that every ob-
ject larger than c in a certain area, or more exactly, in
a certain volume of soil, is struck and destroyed, is
the continuous measurement of the following data
and their electronic recording:
= the ratio v/ n
= the depth of tool penetration into the soil
= the coordinates of the carrier vehicle with re-
spect to a bench mark during the whole op-
eration (to be measured by differential GPS)
This results in the required detection process
making manual demining superfluous, and eliminates
the considerable cost increase. If compliance with
legal regulations is needed, a second detection pro-
cess can be used. To double check the clearance of a
mine in che soil, a clearing rake attached to a com-
mercial tractor, such as those used by the U.S. Army
that can penetrate to the prescribed depth into the
soil can be used.

Global Demining Capacity and Demining Rate
of Farm Land _
Under the condition that demining any agricul-
rural land be economical, any deferment of .its
demining and recultivation represents an opportunity
loss. To estimate its lower limit worldwide, we shall
assume a global mine infested and mine st{spected
area of 100,000 km? as mentioned in section 31
equally divided between land suitable for mfachamzed
demining and land requiring manual demmmg.
With the numbers taken from {2), according to
which 1 km? produces food for approximately 1-,0_00
people, the annual opportunity loss by not fiemm_mg
and recultivating an area of 100,000 km”® is equn.fa-
lent to the value of food for 100 million people. With
the above assumption of $100 for food per person
and year, this corresponds to an annual loss of $10
illion per year.
» Bypsctt};ng a target of 20 years for [he. worldwide
completion of the recultivation of all mine ?lf:fECth
and mine suspected land, the necessary cap-ac-ltles can
be estimated. By employing 1,000 demining ma-
chines each having a capacity of 10 km?*/vear, the
annually demined area is 10,000 km?. This rr‘leans
that within approxi mately five years, the area suirable
for mechanized demining {estimated at 50,000 km?)
could be demined and recultivated. Five yeats cotre-
spond to the liferime of a machine operating 32,000
hours per yeat. Assuming a price of 40 cents/m?, the
total cost of this phase of global demining would b‘e
approximatcly $20 billion. There remain aP?rom—
mately another 50,000 km® for manual de-mnmng.
To achieve an average manual demining rate of
2,500 km?*/year (corresponding to 1/20'013 50,000
km?) approximately 250,000 deminers with afl aver-
age capacity of 10,000 m?*/year each are required. [t
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Final Remarks

The results of this study are based on numerous
assumptions regarding quantities, which were estl-
mated and therefore inevitably contain errors. The
objective of this paper was to find the o.rclers of mag-
gitude to determine the criteria to decide about the
economy of demining farmland that, even if not
needed entirely now, will be needed sooner or later
as the world population increases. "T'he author wo.uld
appreciate any suggestions regarding his assgmptlons
and any corrections that might lead to an improve-
ment of the above results and to a better understand-

ing of the subject. | |
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