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The purpose of this analysis is to evaluate labor intensive and
capital intensive techniques of Conservation Division construction of
four conservation outputs (e.g., waterways, terraces, diversions and
village roads). The analysis which follows compares tabor intensive
and capital intensive cost differentials, Ll taking into account
"financial" as well as "economic" investment returns. 2/ Additionally,
recommendations are set forth regarding the type of resources ti*at can

be best employed in conjunction with labor to promote development

change in Lesotho.

INTRODUCTION

The information which follows this report consists of summary
and data analyses in several appendices. This report considers
(Part I) the surplus labor problem in Lesotho; Part II summarizes
equipment and labor cost differentials from Appendices A-D;
Part IIT discusses financial and economic returns to alternative
technolcgies; and Part IV is a summary of the conclusions of this
evaluation. Detailed Appendix data and analyses are appended
to this report on the following subjects:
l/Village roads are defined as essentially unimproved access roads

that are partially graveled.

g-/The former reflects pecuniary factors only, while the latter

encompasses indirect and socio-economic effects of a nonpecuniary
(e.g., employment) nature.
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Rppendix A: Conservation Division

Appendix B: Thaba Bosiu

Appondix C: Equipment Cost Analysis

Appendix D: Labor Intense Techniques in Conservation

I.  EMPLOYMENT-POPULATION PROBLEMS IM LESOTHO

Consideration of labor intensive methods in public works construc-
tion merits attention primarily as unemployment and underemployment
(surplus or slack labor time) exist.

At the present time, the number of total migrant workers in Lesotho
approximates one-quarter millior persons, including some 80+ percent of
the prime age male labor force. Further, there 1ikely will be a Basotho
labor force approximating one million persons by the year 2000, Lastly,
the weak demand for labor within Lesotho today i5 such that cne-third to
one-half of available labor time over a calendar year as of 1978 is not
gainfully employed. I Under such circumstances, it is not difficult
to characterize Lesotho as a surplus labor nation. Effectively the
situation is one in which:

1. Neariy one-half of the present lator force of some 550,000
persons is employed in the Republic of South Africa on an
ambiguous basis that couid lead to remigration to Lesotho.

2. At least one-third and perhaps as much as one-half of the

domestically engaged labor force is underemployed over a
calendar year.

l~/Th1's situation over the calendar year does not preclude the possibility
of 2 peak load labor shortage. See R. Wykstra. "Farm Labor in Lesotho:
Scarcity or Surplus?," LASA Discussion Paper No. 5, September 1978;
and Part IV of this report.
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3. New entrants to the labor force from the mid-1970's to 2000
will add from no less than 0.4 and 1ikely 0.5 million persons
to the labor force.

In short, Lesotho is a situation best characterized as one in

which (a) labor absorption is a priority development need and (b) an
inappropriate technology is a costly choice that may prove to be
intolerabie because it can and will lead to greater levels of unemploy-
ment and underemplcyment in the future.

The following pages comment upon the case for devoting more explicit
attention to empioyment absorption in order to increase economic welfare
for human resources in Lesotho. Particular attention is given here to
select economic aspects of the value of human capital and fuller utiliza-
tion of labor by adopting the appropriate technology in development project
evaluations. 1/ In what follows, we shall briefly comment upon the
illusion of economic efficiency (i); the potential magnitude of the
employment and manpower problem in Lesotho (ii); economic considera-
tions arguing for absorption of labor (iii); and the argument for
placing direct economic values on employment or, alternatively, assign-
ing actual costs to the disemployment arising from capital intense
systems of production (iv).

Through whatever means, economic development has one ultimate
general end: improvement of individual and national well-being. Sadly,

this human end is one that far too frequently is obscurred or even

l-/Additiona] studies are presently being conducted by LASA regarding
lahor intensity in the private sector of the Lesotho economy.
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obliterated. Repeatedly, economic development becomes an obsession

with the "trees" and loses perspective of the "forest." Let us see why.

(i) The "I1lusion of Efficiency

Preoccupation with a financial cost minimization or technical effi-
ciency criteria which ignores returns to employment often has led to
more rather than less underdevelopment. This circumstance arises when
the choice of a given technology embodies the view that human capital
is an economically valueless and expendable resource; i.e., employment
is not overtly valued.

It is generally conceded that increased levels of output and income
or enhanced economic welfare represent the rather general purpose of
cconomic development. Further, it is most often assumed implicitly
(if not overtly) that development programs which are more efficient
or least costly in a technical sense are preferable to others that
appear to be Tess efficient. It is this latter assumption, that an
oft-times narrowly perceived form of (technical) economic efficiency
is "best," which is illusionary and at issue in what follows. Y

Some of the benefit and cost impacts of development progress
are economic, of both a direct and indirect nature. Many such economic
impacts, however, are not translatable into pecuniary terms. Still

other benefits andy costs are not economic in nature at all! While this

l-/One can also question the former presumption as being an appropriate
end (or measure) of development progress, a task which is beyond the
point of these remarks.
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is a relatively obvious truth, all too often one finds that development
projects and programs are justified, judged and implemented upon the
basis of naive economic efficiency criteria. That .is, apparent least-
cost methods or technologies reeded to accomplish a goal are selected
as superior. The potential dangers here are many.

The first error therein is that economic efficiency is only one,
and not the only, or even the paramount, criterion of worth. Secondly,
error often arises in that what is measured in pecuniary or economic terms
may be measured incompletely, inadequately or even incorrectly. A third
type of error is that nonpecuniary impacts, and particularly social or
political factors, may not be recognized. Indeed, even when recognized,
they very often are given less weighty recognition than pecuniary matter.
because of their qualitative or more nebulous character.

In short, then, the point simply is this: There may be value to
doing things efficiently in a narrowly perceived engineering context;
however, the danger that this criteria will be illusionary is large.
What is a better or superior system can vary greatly due to analytical
distortions. This in turn can lead to policy misdirections and develop-
ment progress thus may stagnate or perhaps even be retarded.

Such is exactly what has happened far too frequently in develop-
ing countries. On the alleged grounds of being most efficient, one
repeatedly finds that the "appropriate" technology or method used,
lTet vs say to conserve land resources, improve agriculture, or construct
roads, is capital intensive or labor saving. At present, this is the
precise situation that prevails at the top Tevel of Lesotho's Conserva-

tion Division, although there are a few in the Division whose viewpoint
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is broader. Sadly, AID's history also is partially characterized
similarly, but agair there are exceptions, and increasingly so in
recent years.

The capital intensity orientation gives an illusion of efficiency
in large measure because employed human capital is seen as of zero worth
or value. Aside from the rather curious facts that capital intensive
methods may be both more familiar to and of more economic benefit to
donor nations, potentially serious problems thus arise for developing
countries. Preoccupation with an illusionary effiency and hence capital
using criteria explicitly assumes unemployment imposes no costs on a
society. This is absurd.

In the first place, undue emphasis on capital can be contrary ¢o
a developing nation's comparative resource advantages, which clearly is
the case for Lesotho. 1/ Secondly, it may well subvert the primary and
very basic end of development itself; namely, meeting human needs and
enhancing economic welfare. And it is this latter problem which pre-
cisely represents the central limitation to many existing development
efforts in Lesotho.
l-/whi]e the argument is much simplified here (and beyond the scope of

our purpose as well), two clear observations can be made concerning
resource advantages. First, the available evidence rather clearly
reveals that developing nations tend to experience serious physical
capital shortages and frequently equally as severe labor or human
capital surpluses. Second, economists are much prone to advocating,
in general terms, that factors most scarce be conserved whereas those
most abundant be utilized more fully. Paradoxically, capital inten-

sive technologies precisely reverse this very axiom--with little or
no economic explanation.
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The employment of Basotho manpower is the fundamental means to
meeting the goal of development: enhancing basic human needs, and
economic welfare or well-being for both individuals and the nation.
Consequently, additional jobs must be seen overtly as a benefit (or
recognized as a social cost) when evaluating the appropriate technology.
If viable work and hence income earning opportunities are absent or are
destroyed, just how economic welfare is affected can be seen by looking

at some of its components.

We can (nonexhaustively) define welfare to include some of the
following socio-economic factors: (1) improved health and education;
(2) social stability of the family unit; (3) greater opportunity
equality, inclusive of improved intergenerational opportunities,
equality by sex and more equal income distribution; (4) enhanced
self-esteem and purpose; (5) clear national identity and political
integrity-stability; (6) reasonable rural-urban patterns of popula-
tion distribution and mobility; (7) stabilized forms of social inter-
action and security; (8) adequate social goods and public services;
and (9) expanding private investments that evolve and develop inter-
industry linkages leading to continued employment growth. It is
especially factors such as these, as well as increased levels of
income and output, which render the end of development progress a
worthy objective. And it is employment or jobs for more rather than
fewer human resources that generates such benefits.

When the efficiency of labor versus capital intensive technologies

is compared, and the comparison ignores the value of employment, the
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result is predictable. Capital using methods give the illusion of

being superior in a naive least cost sense. If efficiency is going
to be used as a real criterion to determine the best way of doing things,
it is mandatory that benefit (cost) values be assigned to employed
(wasted) human resources. Only through employment are many of the goals

of development realized.

(ii) The Basotho Manpower Dilemma

If the basic needs of people are what development is all about,
then it is appropriate to consider three groups in Lesotho: the youth
who represent future worker-citizens; presently displaced migrant
workers; and the vast army of underemployed Basotho left behind :n
today's economy.

In the year 2000, Lesotho's population will approximate two million
persons. At the present time, it is probable that the Basotho Tlabor
force will number one million persons by the year 2000, and most of
these persons are already born. Y This represents a labor force
increase of some one-half million persons. That is the minimum number
of new job opportunities required in some two decades.

Additionally, an average of about 200,000 Basothc migrant workers
are annually employed in the Republic today, and most of these are the

males in their most productive (prime-work age) years. At the same

time, and likewise of paramount significance, underemployment is

-l/LASA Discussion Paper No. 5 (Wykstra, 1978).
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extremely serious in Lesotho. Again, on a preliminary basis, it
appears that from 30 to as much as 50 percent of Lesotho's supply of
agricultural labor is underemployed on an annual basis. Y
Absorption of Basotho labor, both that available today and new
workers in the future, must be seen as a priority now, and one of the
highest importance. Failing that, unmet basic human needs and enormous
resource wastes will characterize the future. Avoiding this scenario,
and thus positively achieving developmental progress, demands full con-
sideration of labor absorbing (capital saving) approaches to economic
development in public works, in agriculture and in the transfer of tech-
nology to the modern sector.
The full employment absorption of one million human resources in
2000 A.D., hence the economic welfare problem confronting Lesotho, is
enormous! In one sense, it really does not matter greatly what one
assumes with respect to future Republic of South Africa growth in migrant
employment. Yet, to make matters worse, consider that future migrant-
worker employment decreases are probable. Also, substantial and very
clear socio-economic costs accompany employment in the Republic. For
example, output in Lesotho is not produced or lost because one of Lesotho's
most valuable resources, its human capital, is exported abroad. In short,
the immediate task is to generate new jobs for about three-fourths of a

million Basotho. This will set the economic development, social welfare

and political stability "stage" in Lesotho's future.

l/At supply levels and migrant work opportunities existing today.



Page 10

And the future truly is here today. Evaluating alternatives and
implementing action poiicies must be done now in order to meet the
neess of an average of some 20,000 to 30,000 net additions yearly to
the domestic labor force which can be expected in the future. The
present employment situation must be regarded as a most serious and
a very current problem, the enormity and present (not future) nature

of which can no Tonger be ignored.

(ii1) The Case for Lahor Absorption

One very basic observation is in order at this point. It simply
is not sufficient to judge the capital-labor content of an appropriate
technology on narrow or pure economic efficiency grounds in Lesotho's
case. To ignore the economic, social and political value of employment
requires that one deny the very worth of economic development (improved
well-being) itself! Yet this is precisely what naive economic analysis
does in evaluating capital versus labor using techniques. One reason
this happens which was noted earlier (section i, page 4) is that
lTeast-cost efficiency is seen as the paramount goal. Such an approach
can hardly be justified in the case of Lesotho given the un- and under-
employment magnitudes noted above--assuming development itself is
worthwhile. Indeed, as with the case of using trade controls to protect
infant industries, only a divergence from naive least-cost efficiency
criteria will Tikely serve Lesotho's basic needs.

Even if one rather unrealistically assumes that private industry and

the public sector grow six to ten percent per year and that migrant labor
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employment remains at today's level in the year 2000, some one-half
million new workers will need viable jobs. Hence, direct consideration
favoring labor absorbing technology is appropriate in all sectors of

the economy. And this is nowhere more apparent a need (and perhaps
nowhere mcre ignored) than it is in public sector development proiects.
Thus we shall concentrate our attention here on the analysis of publicly
sponsored programs which all too often claim tc be economically efficient,
but in fact are not and leave unchanged at best, or even worsen,

economic welfare.

It was noted earlier (section i) that pecuniary or economic
measures of costs (or benefits) may be inadequately or incorrectly
perteived. There are, of course, many potential sources of under-
standable estimation errors inherent on evaluating, let us say, the
costs of road or conservation construction. Labor productivity rates
can be over (under) estimated, and capital operating costs also are
subject to similar error (or bias). However, let us momentarily
assume such errors not to exist or tc be self-cancelling. There is
yet another fundamental group of measurement errors: Those crudely
aggregated here under the umbrella of assuming employment has no
economic return.

In evaluating the optimum mix of capital and labor used to
produce public goods, economists have, for example, carefully discussed
such things as factor market price distortions for labor and capital
inputs. Such distortions explain in part why capital intense methods

of production appear to have lower costs than labor intense methods.
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Factor market price distortions are seen as arising in part because
market wages paid to labor overstate the social wage (i.e., the
opportunity cost of slack Tabor to society). Additionally, a variety
of implicit and explicit subsidies to capital tend to understate its
real price (hence the real costs of a capital intense technology).

If such distortions are not recognized, one does indeed encounter a
bias teward the introduction and use of capital ih developing nations.

In an attempt to adjust for factor price distortions, economists
frequently develop a shadow wage for labor; that is, a wage surrogete
is used to reflect the social value of using slack labor. Frequently,
however, and in spite of seemingly erudite manipulative tactics directed
at both theory and data, the conclusive result remains unchanged: capital
intense methods "appear" superior. Hence they are adopted, and with a
piety akin to Pontius Pilot, economic analysts presume a job well done.
In fact, the job has not been well done at all.

Now the point here is not that of attacking often carefully done
theoretical and analytical work on shadow wage rates. Nor is it to
question philosophically certain capitalistic articles of faith such
as economic resource efficiency. The task, frankly, is a much simpler
one; namely, to assert that an obvious reality has been obscurred.
Inasmuch as jobs are the primary catalyst to developmental ends as
those mentioned above, the assertion that employment is a benefit is
invalid only if development itself is an invalid end! Employment of
more human resources properly yields a real economic return and, con-
versely, its increased unemployment imposes a real economic and social

cost,
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Physical capital is unlike human capital. The acquisition costs
of equipment generate virtually no direct benefits to a developing
(typically capital importing) nation. HoQéver, wages paid slack rabor
are both a cost of production and a direct and immediate return to
human resources. Y Thus, capital is very unlike labor even though each
is a resource input--yet economic analysis typi.clly ignores this
beneficiary distinction.

Arnd it further is not sufficient to regard the real cost or shadow
wage of labor as at or close to zero (in the extreme case of surplus
Tabor with no opportunity cost). This approech or viewpoint only con-
tinues to obscure the employment benefit reality. Wha. is relevant is
to value and utilize the unused potential marginal product of labor as
an otherwise wasted resource.

Upon observing a dam or a plant nperating at one-fourth capacity,
one does not meaningfully conclude its marginal product to be equal to
zero. The 75 percent unused capacity of physical capital is seen as
having a vast opportunity cost; i.e., lost benefits. So too must human
capital be regarded.

Moreover, much reluctance would accompany an overt decision to alter

the technology of a nation and direct investments to physical capital that

1/

='This is especially important to developing nations. Unlike physical
capital exporting nations, the developing country produces little of
its own physical capital. Therefore, the developing nation bears
the foreign exchange costs of physical capital imports and fails to
generate "induced by" employment benefits that might affect (in part
or whole) employment gains forthcoming from a more labor intense pro-
duntion method.
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displaced and left unused, say, one-haif its existing plant and machinery.
The otherwise functional physical capital stock even though not most effi-
cient is much too highly "valued" to permit such nonsense. Yet in a
comparable setting, unused human resources are treated as valueless.

Thus, we find human capital erroneously treated as being like physical
capital in that no direct return is ascribed to acquiring the use of the
resource--when in fact employing labor resources is veneficial. Further,
labor is also erroneously seen as beina unlike capital equipment in that
nonuse of physical capital in place is regarded as untenable and disas-
trous (e.g., depression) whereas labor subject to massive underutiliza-
tion is seen and accepted as a rorm in developing nations.

Wages paid labor clearly are a cost of production, but employment
gains also produce a benefit under surplus labor conditions in much the
same way that a physical capital resource such as a dam or reservoir is
a benefit (to those ahle to irrigate farmlands) obtained at a cost.

To see labor as a cost of production in no way precludes considering
employment benefits to a developing nation even though it is true that
such benefits are not associated with the ure of capital, except to the

developed nation exporting physical capital. 1/

l-/It can be seen, then, that the failure to make this vital distinction
between physical and human capital explains gross evaluation errors
in comparing labor to capital intense technologies. What has happened
quite simply is that the benefits derived from labor use have been
underestimated as has the costs of capital intense technologis=s.
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(iv) Conclusions and Policy Implications

The case for adoption of labor intense technologies and implementa-
tion of labor absorption policies is vastly greater than normaily per-
ceived. What pecuniavy "value" one is to assign to incremental gains
in employment directly and indirectly derived from a more Tabor intense
technology is a more ambigious and difficult matter. However, given
the existence of massive underemployment in Lesotho, one might presume
initially that direct wages paid to labor are a market defined benefit or
return to using human resources. As a starting assumption (and likely
minimum value), we shall use the incremental wage bill as a surrogate
value to employment in illustrating and evaluating the comparative effi-
ciency of the capital and labor mix.

Treated thusly, benefit-cost comparisons, and hence the relative
economic efficiency of a capital or labor technology, are altered vastly.
For example, let us initially ignore employment effects, and assume that
the discounted value of the benefits of a labor or capital intense road
project have some equal value per Km, defined as B. The comparative costs
using two alternative technologies or methods of production, capital (K)
and labor (L) are presumed to be respectively: (K) =R 3,200, and (L)
= R 5,000 per Km. 1 Thus, the added or marginal cost (MC) of using a
l-/The example used herein is drawn from Lesotho's Basic Agricultural

Services Program (BASP) for feeder road construction in Blocks V and

VI (Dec. 9, 1977 documents). These cost estimates (adjusted by the
author upwards by 20% to reflect inflation factors) are as follows:

Capital Intense Technology Costs Labor Intense Technology Costs
r (000) Per Km. £ (000) Per Km.
90 400 ....... labor......... 735 3,600
575 2,800 ...... capital........ 290 1,400

R 665 R 3,200 ........ SUM.uoveunnnn R 1,025 $ 5,000
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more labor intense technology is R 1,800 per Km (CL-CK=MC). Naively
viewed, the capital intense technology would be regarded as least costly

or superior because the ratio

BX N BL
CK CL
(i.e., 3,200) (i.e., 5,000)

However, in using these two methods wages paid labor are R 3,600
for method L compared to R 400 for method K. One proxy value for the
additional direct employment generated is the incremental wages paid
Tabor of R 3,200 (R 3,600 - R 400). A benefit-cost comparison for a
capital versus labor intense technology nuw is altered: benefits now
are higher by the incremental value of employment or +R 3,200 for the
more labor intense technology. In this illustration (and many actua’
instances), the labor intense technology can now be said to be superior.

The benefit cost ratio for the capital intense technology is 3,200/3,200

1.0, but for the more labor intense method it is higher, or 6,400/5,000
= 1.28. &/

l/Wages paid usng the capita& intense (K¥) and labor intense (L) tech-
nologies are K" = 400 and L" = 3,600, or the surrggate value of in-
cremental employment (V) is R 3,200 (i.e., V = LY —kKw).] Assume
now the benefits uf one Km of road are equivalent (B" = B') and equal
to $ 3,200 in net present value. For the capital intense technology,
where CK = 3,200, we havE:
B

B 3,200 _ g
CK 3,200 U

However, the labor intense technoiogy is valued more highly with
inc]ysion of eme1oymeat Qenefits:
B"+V _ B (L"-L") _ 3,200 + 3,200 _ 6,400 _ 1.28

CcL - CL 5,000 5,000 & "7
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Even though the labor intensive method costs R 1,800 more per Km of
road (5,000-3,200), it also creates more or margiral benefits (MB) in the
surrogate amount of R 3,200 (3,600-400). Using the labor intense tech-
nology thereby has an incremental impact as follows: %% = %—%fggg =R 1.77;
thus R.177 benefits accrue for each R 1 added in costs.-l/ Under such
circumstances, it does indeed benefit a society to build a road using
labor intensive or employment absorbing methods.

In summary, it is clear that how one regards the value of employ-
ment of human resources vastly affects the choice of an appropriate
techrology, and the welfare of nations such as Lesotho. The inclina-
tion of this author is to regard employment as having value, in some
real measure. Therefore, added employment must be recognized as a
tandem benefit to any benefit-cost comparison used to determine the
"best" mix of capital ard labor.

While the author has equated wages to the value of employment, it
must be recognized that work has a great number of other direct and
indirect personal, social, political and economic impacts. Whether
such benefits are greater (as intuitively felt) or less than the wage
bill may not be very material. The larger question is which of two
postures is more nearly on the side of the angels: assuming employment

is of no benefit; or presuming employme.at to be a benefit.

l/This example continues to assume the use of underemployed labor and
that wages paid are a reasonable proxy for the value of employment.
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II. LABOR INTENSIVE VERSUS CAPITAL INTENSIVE COST COMPARISONS

Detailed evaluations of estimated cost and output characteristic
of conservation activities are presented in Appendices A through D.
In what immediately follows, abbreviated summaries are presented of
Appendix data for (a) the Conservation Division; (b) the Thaba Bosiu
Conservation Proiect; (c) independently derived estimated equipment
rental charges provided by William Niese, Jr. (of the Agency for
International Development); and (d) labor intensive cost estimates.

The Conservation Division. The unavailability or poor quality of

relevant financial and economic data from the Conservation Divisior
limits the evaluation and analysis which follows. 1/ Presently, the
Conservation Division can be characterized as producing conservation
works that embody a ralatively high capital component, although the
equipment in use tends to be oriented to multiple use and is 1ight
in nature.

On the basis of equipment owner cost. data (Appendix C) and the
history of equipment productivity relationships over several years in
Thaba Bosiu (Appendix B), it is possible to assess the cost of protect-
ing a typical 650 Ha area. Productivity rates shown below are based
upon the same capital intensive methods as used from 1973-78 by Thaba
Bosiu. (Equipment input requirements are based upon the "best" produc-
tivities experienced by and also shown for 1978 in Thaba Bosiu in

l-/The reader should consult Appendix A for further details on the
Conservation Division.
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Table B-1b.) Equipment charge rates are those derived in Appendix C.
Costs are based upon full replacement costs for reasons noted fully on
pages C-7 ff. What has happened in Lesotho is an experience of low
annual rates of utilization of about 650 hours/year. This situation
has prevailed for conservation works for a number of years in Thaba
Bosiu and the Conservation Division.

At the time of this study (January 1979), a great deal of investiga-
tion as to the actual number of hours of capital equipment utilization
per unit per year was conducted. The Conservation Division itself does
not maintain records of the hours of equipment use for conservation works,
although Mr. Bonnema did indicate that about 700 hours per year was an
approximate level of use. This same investigation elicited recognition
7rom Mike Nyquist and Leroy Scherer (Conservation Engineers at Thaba
Bosiu and the Conservation Division) that Thaba Bosiu was at least
equal to if not superior to the Conservation Division in achieving
hourly use per year from its capital equipment.

Engineering data for the five year period and the best year (1978)
in Thaba Bosiu also reveal a use achievement of 600 to 700 hours yearly
per unit of equipment to be a clear norm (see pages B-6 to B-8). More-
over, plant pool records in the Ministry of Works in Lesotho, a wide
variety of working experience in other nations in Africa, as well as
other LDC's throughout the world, and equipment manufacturers' manuals
confirm these utilization rates to be in the range of achievable norms.
In final conferences held with Bonnema, Scherer and Nyquist concerning

Conservation Division use rates of capital equipment, 650 hours per year
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was agreed upon to be a reasonable norm for this study. Each individual
expressed his own opinion that 600 to 700 hours of actual annual use was
in fact a reasonable level at these meetings. In view of these men's
field experience, the author must rely on their judgment, especially
since it seems to be corroborated by other data, as mentioned above.

As to the appropriate cost or equipment charge, it is clear from
much precedent work that a replacement cost basis is the only rational
comparison basis that can be used. To do otherwise not only vastly
understates the cost of the one comparative capital intense technology
in Lesotho's near term future; it further places the entire nation in
a situation of not having a capital stock to use in future years as
undercosted capital consumption mounts (see Appendix C for greater
detail on these issues).

What the data below reveal is that a capital intense approach
costs the Conservation Division some R 208,000 to treat 650 Ha--an
average outlay of about R 320 per Ha of land treated at 1979 price
levels. About 11 to 12 percent of this amount represents nonprofes-

sional labor cost expenditures.
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Capital Intensive Methods
650 Ha Conservation Protection

Waterways Terraces Diversions Village Road Total

i. Km of Output 13 162 4.3 7.7
ii. Equip Cost in
R/Km(a) 2,430 590 1,520 1,920
iii. Aggregate Equip:
Costs in R 31,600 95,580 6,540 14,780 148,500
iv. TOTAL COSTS(a)
IN R 44,600 133,400 9,200 20,800 208,000
Includes (iii) plus
A. Labor Costs 32,600
8 Equipment Operators 16,000
1 Sr. Foreman 2,000
1 Vehicle Driver 1,000
2 Conservation Assts. 2,400
1 Sr. Conserv. Asst. 1,500
8 Laborers 3,200
1 Timekeeper 800
1 Watchman 500
1/2 Engineer 2,200
1 Asst. Cons. Officer 3,000
B. Equipment Mobilization, Materials, etc. 26,900

(a) See page 7. Data are based upon adjusted hourly equipment charges
for replacement and use cost shown in Appendix C and machine hour
requirements shown in Appendix B.

The cost of protecting 650 Ha shown above is thus about R 208,000.
(Protection ratios are 1 Km road : 84 Ha, 1 Km terrace : 4 Ha, 1 Km
waterway : 50 Ha, and 1 Km diversion : 150 Ha.) In using this particu-
lar resource mix (which is very capital intensive in nature), some
6,500 mandays of employment are required in the aggregate. Employment
relative to area protected averages about 10 mandays per Ha and total

1/

costs per Ha of area protected are: —

1 Table A-1 details Km per Ha of area protected conversion factors.
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Cost in
R/Ha
Waterways 68.62
Terraces 205.61
Diversions 14.15
Village Roads 32.00
Total Costs = R 320.38

The costs shown above also include other site overhead costs approximat-
ing less than 20 percent of direct equipment costs. Direct hourly equip-
ment costs constitute some 71 percent of total costs or R 228 per Ha.

Now these data are suggestive of some interesting relationships.
With an annual recurrent budget provision approximating R 1 million
yearly, the Conservation Division might generate protection for some
3,000 Ha per year. Thus, it would require a period of some 100 years,
for example, to provide conservation protection for 300,000 Ha of land
in Lesotho at the R 1 million budget level.

Thaba Bosiu Costs and Qutput. Y On the basis of Thaba Bosiu

production data (see Appendix Table B-1) and equipment cost (again
including capital replacement based upon 650 hours of operating use
per year as discussed in Appendix C), it is possible to estimate
equiprent costs for output in 1978, given the mix of equipment used

during this year to build conservation works. They are as follows:

1/ See Appendix B.
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Equipment Costs
1978 Thaba Bosiu Outputs: Waterways Terraces Diversions Village Road

i. Km produced 10.1 164.2 2.57 11.7

ii. Aggregate Hours of
Equipment Time (a) 655 2,874 115 530

iii. Total Equipment
Costs (b) R 24,500 R 96,300 R 3,900 R 22,400

EQUIPMENT COST
PER KM R 2,425 R 587 R 1,518 R 1,915
(say, 2,430) (say,590)(say, 1,520) (say, 1,920)
(a) Detailed equipment hours by type are shown in Table B-1b.
(b) Cost charges per operating hour (as adjusted in Appendix C, page

C-13) for each type of equipment x total hours of use by equipment

type shown in Appendix B-1.

Machine productivity was higher in 1978 than for the entire project
period. In 1978 hours required per Km of output averaged 60 to 65 per-
cent of the 1973-78 reaquirements for all but roads. Thus, equipment
costs for 1973-78 would be half again as large as those levels shown
above for 1978. The improved productivity levels for 1978 appear to be
more representative of standards today. Further, it must be remembered
that these data are only cost of equipment; i.e., they do not include
site overhead, labor and material costs. Cost data evaluated else-
where Y revealed that equipment charges approximated 71 percent of
total costs. On this basis, then, we can estimate total costs for
1978 project output as, say:

Y See Appendix pages C-13 ff.
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Total Cost

i. Waterways: R 3,430/Km
ii. Terraces: R 825/Km
jii. Diversions: R 2,140/Km
jv. Viilage Roads: R 2,700/Km

Estimated equipment costs at the Tower hourly charge rates, which
approximate present rental charges, assume no less than 1,000 hours of
use yearly as an expense of ownership of equipment. The earlier noted
costs of equipment (e.g., R 2,425 for Waterways) then would approximate
total costs because of greater equipment utilization. A lower hourly
charge rate (as a result of 1,000 hours annual utilization instead of
650 hours) is close to the same proportions as is the cost differential
between total costs and equipment costs (the lattei excluding labor, site
overhead, materials, etc.). These above costs, to the extent that they
reflect known and experienced inputs and outputs, likely provide a more
reliable basis for comparison than do those developed in and shown in

1/

Appendix C and considered next. =

1/ Using the cost data of Appendix C as a comparison basis (at say 25 %
overall equipment efficiency levels), results in the following total
cost estimates:

3

i. HWaterways = R 0.332/M3 x 1,200 Mg = R 398/Km
ii. Terraces =R 1.284/M3 x 2,000 M3 = R 2,568/Km
jii. Diversions =R 1.284/M3 x 4,500 M3 = R 1,369/Km
iv. Village Roads = R 1,268/M~ x 1,080 M~ = R 1,369/Km

These costs differ from those experienced and presented above in the
text in part because of differing methods of construction and also
bgcause of equipment type differentials (e.g., waterway charges per

M° reflect a different system of production and use of D-6 Cats).

Field conservation engineers in the Conservation Division can best
evaluate the feasibility of the production methods inherent in the
Niese cost analysis shown in i to iv above and in Appendix C. How-
ever, the vast differences in cogt by type of output (e.g., waterways)
and the uniformity of cost per M” in ii, iii and iv above pose questions
difficult to answer.
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Estimated Rental Charges Per M3. It is not difficult to understand

the Division's aversion to renting capital equipment. The Ministry of
Works (and any other private rental agency) requires hourly use and
charge minimums. In Lesotho, the Ministry of Works has a 63 hour/week
minimum charge/use rate when the renter has an operable machine on
short-term hire (page C-49) and 520 hours+ for long-term hire cver a

3+ month quarter. If the Division was effective in operating such
equipment one-half or two-thirds of the time it was paid for and avail-
able, actually hourly cost would rise dramatically. What actually happens
in the Conservation Division's costing system is that equipment life is
stated at, e.g., 12,000 hours for a Grader or D-4 Dozer (see page A-7).
This is totally unrealistic and results in inflated 1ife factors and a
fabricated figure understating the cost of equipment (see Appendix C,
including pages C-42 ff). There is no point in making capital-labor
cost comparisons on a fictitious basis that, by design, states capital
costs at half or less the real cost levels incurred.

Appendix C presents engineer cost analysis estimates for select
types of capital equipment used in conservation works. L These data
as originally constructed (pége C-16) did not provide for equipment
replacement and have been adjusted for that particular factor (see
pages C-6 to ¢-10). For the major types of equipment used in develop-
ing detailed costing sheets by output, inclusion of replacement costs

increased depreciation charges by some 61 percent after taking into

l-/Provided in their original form by William Niese, Jr., P.E., Regional
Engireer Advisor, REDSO/EA.
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account salvage values. Additionally, the hourly use per year basis
for costing conservation works was based upon 650 hours per year.
This conforms to the experience of conservation works in Lesotho.
Consequently, 5,200 hours of actual use over an effective eight
year life is used instead of say 12,000 hours which presumes a
15+ year 1ife that is not probable in developing nations. 1/
The combined impact of these cost adiustments is to provide for
capital recovery (replacement) under use conditions experienced in
Lesotho. However, depreciation charges per hour also increased sub-
stantially due to these adjustments. Maintenance costs were taken at
the normal rate of 100 percent of acqusition costs, however, when
spread over an effectively Tower work life, 2/ hourly maintenance
costs also increased. Mo additional costs (e.g., overhead or taxes)
were included so as to best approximate real owner possessionship
costs to the Conservation Division in possessing capital equipment.
These hourly rate charges for four types of equipment used most

frequently in conservation construction are as follows:

Equipment Charge Rates

A B C__
Cat D-6 R 49.68 R 33.67 R 34.20
Scraper (613) 45.16 30.69 30.99
Grader (120G) 40.32 27.48 27.78
Cat D-4 27.14 18.85 n.a.

(A = 650 hrs/year, B = 1,000 hrs/year, and = estimates
of rental rates by Niese excluding replacement costs.)

l/Appendix pages C-6 to C-10 and C-42 to C-45 as well as Appendices A
and B explain these adjustments in greater detail.

g-/POL charges are estimated at standard rates and operator costs are
included in site labor charges.
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Column A is a charge rate based on 650 hours annual use in contrast to
1,000 hours (Column B) and fclumn C represents estimated rental rates
with no replacement of capital.

It also was necessary to evaluate alternative rates of equipment
efficiency since the theoretical rates provided by the Caterpillar Hand-
book greatly overstate machinery productivity. Based primarily upon
World Bank studies, the conclusion was reached that a realistic efficiency
factor would approximate no less than 20 and no more than 30 percent of
the theoretical norm (see pages C-5 and C-6). Indeed, from the informa-
tion available, it would appear that 20 to 25 percent is most representa-
tive of capital equipment efficiency in Lesotho. Y

The cost of works construction based upon the theoretical costing,
and the methods of using equipment inherent in Niese's costing analysis =

can be summarized as follows:

At 25% Efficiency Waterways Terraces Diversions Village Roads
R cost per M3 |
Equip. .240 .880 .880 .880
Labor & OH .092 .404 .404 . 388
TOTAL .332 1.284 T.28% 1.268
R Cost per Km 398 2,568 5,778 1,369
R Cost per Ha 7.96 642 38.52 16.26

l/Caterp111ar suggests using 32 percent for some of the conditions
found in a developing nation (see Appendix C).

ngee Tables C-2a to C-2f. For example, waterways rely upon two D-6
Cats. Also, the volume of earthworks per Km of output varies from
labor intensive methods, jarticularly for terraces and diversions.
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These unit costs would be halved at a 50 percent efficiency level (which
is most unlikely to be applicable) and should be increased by 25 percent
to depict a 20 percent efficiency factor in Lesotho. Adiustment for the
Tower hourly equipment rental rate instead of the ownership charge rate
is accomplished by taking 80 peicent of costs per Km or per Ha shown
above. Y

Taken together, the combinad effect of relatively low efficiency
rates and higher hourly charge rates increase construction costs signifi-
cantly for capital intensive methods. However, these are the real-world
conditions prevailing in Lesotho, a fact that cannot be avoided. In
fact, real hourly equipment costs to the Conservation Division as owner
and possessor based upon 650 hours use per year exceed Ministry of Works
(MOW) plant pool hourly rental rates. In that sense, it would be less
costly to require the Division to rent equipment from outside sources
at going rates rather than supply the Division with capital equipment.
Of course, since the MOW (or any rental agency) does impose short-term 2/
hire minimums of 63 hours weekly (or 40 hours weekly as a three month+
Tong-term hire), the total costs of eguipment might not be lower to the
Conservation Division on a rental basis. This would depend upon manage-
ment efficiency in reaching effective operating rates achieved during a

Tease period; and if it was not improved it could be least costly to

contract out ail actual works construction in the Conservation Division.

l-/See pages C-12 to C-14 of the Appendix.
2/5ee Table C-6 of Appendix C (p. C-48).
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Labor Construction Unit Costs. The Conservation Division itself

does not have realistic past project experiences with labor intense
methods of production, thus meaningful cost data do not exist. The
very limited prior attempts to work on a more labor intense basis are
largely limited to Food for Work projects which are notorious for low
productivity and no--or extremely poor--management of labor. The
Division itself thus has somewhat of a bias against even considering
a movement toward a more labor intensc method. Consequently, data
related to labor intense projects reviewed below is drawn from a well
managed program now extant in Lesotho. 1
The Ministry of Works of the Government of Lesotho recently has,
on an experimental basis, worked with labor intensive methods through
the Labor Construction Unit (LCU). From those proiects completed
through 1978 (essentially road and airstrip construction), good data

are available concerning costs and productivity. Some of the most

relevant data estimates taken from Appendix D are as follows:

Village

Labor Intensive Costs Waterways Terraces Diversions Roads Total
Direct Employment/Km

(in mandays) 860 427 2,530 507
Direct Labor Costs, R/Km 2,064 1,225 6,915 1,904
Site OH's, R/Km 688 342 2,024 406
TOTAL COSTS, R/Km R 2,752 R 1,567 R 8,939 R 2,310
TOTAL COSTS, R/Ha 55.0 391.8 59.6 27.4 R £33.80 (a)
Employment/Ha (b)

(in mandays) 17.2 107.0 16.9 6.0 160 m.d.

(a) Direct costs are R 416/Ha, about R 353 of which is labor cost.

(b) Includes 13 mandays of site OH labor.

l/See Appendix D.
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The LCU project data shown above cannot be termed strictly a labor
intensive technology since the ratio of labor to total cost is about
66 percent (R353 s R534 per Ha). Nonetheless, as an intermediate tech-
nology, the LCU approach provides 1,600 percent morc employment than
the very heavily intense capital methods in the Conservation Division.
During the first four months of 1979, and since the cost-produc-
tivity data shown above were collected in January of 1979, the Labor
Construction Unit has had more actual works construction experience
on conservation projects at Ratau. The result of this experience was
a doubling of the overall productivity rate embodied in the data shown
above. Mr. J.R. Dawson concluded as a result of this very recent
experience that the intermediate labor intense methods used by the
Labor Construction Unit can achieve the results shown below. Essen-
tially, total costs per Ha of area protected are now about 25 percent

lower than previously projected, or some R 398 per Ha.

(Amended Ratau Productivity from LCU)

Village
Labor Intensive Costs Waterways Terraces Diversions _Roads Total
Direct Employment/Km 429 307 1,517 507
(in man days)
Direct Labor Costs, R/Km 1,030 964 4,483 1,904
Site OH's, R/Km 343 255 1,213 406
TOTAL COST, R/KM R1,373 R1,219 R5,696 R2,310
TOTAL COST, R/HA 27.5 304.8 38.2 27.4 R 397.90
Employment/Ha (in mandays) 8.6 76.8 10.2 6.0 115 md

Source: J.R. Dawson, Lesotho Ministry of Works, Labor Construction Unit.
(See Amendment Table D-la, D-2a and D-3a of Appendix D.)



Page 31

The hggher prodgctivity rates embodied in the above data (from overall
1.4 M° to 2.8 M° per manday on waterways) largely are the result of
less haulage than was anticipated and much easier exgavation than is
found in highly compacted roadside environments (6 M° per manday
excavation task work objectives were set and achieved at Ratau).

The initial estimated cost of R 533.80 per ha of area protected
first noted above for labor intensive methods generated some 160 man-
days of employment. The more recent LCU costs of R 397.90 per Ha
involves estimated employment equal to 115 mandays. Just how these
data compare with the costs of using capital intensive methods is shown

on the following pages.

Employment and
Costs in Rand Per Ha

Direct Site OH Total{a) Mandays Employed(b)
Waterways CI 48.93 19.69 68.62 2.0
LI 41,28 13.76 55.04 17.0
(Adj LI......... 20.59 6.86 27.45 8.6)
Terraces CI  146.60 59.01 205.61 6.5
LI 306.30 85.50 391.80 107.0
(Adj LI........ 241.00 63.75 304.75 76.8)
Diversion CI 10.09 4.06 14,15 0.5
LI 46.13 13.49 59.62 17.0
(Adi LI......... 30.03 8.13 38.16 10.2)
Village RD CI  22.82 9.12 32.00 1.0
LI 22.66 4,82 27.48(a) 6.0
AGGREGATE CI  228.43 91.95 320.38 10
PER HA LI 416.23 117.57 533.80 160(b)
(Adj LI...... 314.28 83.56 397.84 1158)

(a) Site overhead is allocated on mandays of employment which lowers
labor intensive road construction costs vis a vis capital intensive
methods.

(b) Includes site overhead employing 13 persons for labor intensive.
(Capital intensive employment is about one-third site overhead. )
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A few observations should be made on certain cost components shown

above prior to drawing comparisons.

1.

Labor costs relationships originally used were known to be
high in that they did not take into account a some 30 to 35
percent productivity increase the Labor Construction Unit
anticipated in January of 1979, This was felt in January 1979
to result in reducing aggregate or overall labor intensive
costs by some 25 percent to some R 400 per Ha. The adjusted
labor intensive cost data now shown as based upon Ratau work
clearly support this earlier expectation.

Equipment cost estimates (R 320/Ha) are based upon hourly
charge rates that assume a continuation of the low annual
operating rates (and correspondingly higher cost estimates
historically known to apply. If machine utilization could
be based on 1,000 annual hours of realized use, overall
costs for capital intensive methods would decline to some

R 200 to R 220 per Ha of area protected.

At the same time, it must be realized that the productivity
levels used in this comparison for capital are based on the
"best" year for Thaba Bosiu operations. The use of overall
1973-78 Thaba Bosiu productivities, which may best reflect what
would occur for a new equipment package, would raise capital
intensive costs to some R 480 to 520 per Ha. Additionally,
future rises in fuel or rental costs or fuel rationing could

impair a capital intensive system of production.
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4. The above cost comparisons are purely "financial." They do
not reflect relevent economic costs and benefits. In looking
ahead toward a growing labor surplus, one might, for example,
quite properly use a shadow wage of, say, R 0.80 to R 1

instead of the market price of labor of R 2.40 daily. 1

This would reduce overall costs of construction by Tabor
intensive methods to something like R 250 to R 280 per Ha,
a circumstance which would favor adoption of more labor
intensive methods.
We have postuiated three basic possible cost level estimates for
capital intensive methods, ranging from a Tow of R 220 per Ha to a high

of R 480 per Ha. Since both Thaba Bosiu and the Conservation Division

experience a rate of actual equipment use of some 600 to 700 hours/year,

the lTower estimate of R 220 per Ha based upon 1,000 hours use is fic-
tional and not a reality. No meaningful cost comparisons can be achieved
by presuming the Conservation Division will reach an efficiency rate in
using capital they have not reached in the past--and one not normally
achieved in other developing nations. The higher estimate of R 480 was
derived from comparing all five years of equipment hours to total output
produced or productivity in Thaba Bosiu. In one context this might best

represent capital intensive cost/productivities for the Conservation Divi-

sion if it engaged in new or expanded construction activities. However,

if the Division did achieve the best Tevels of productivity reached by

Thaba Bosiu, the mid-range cost estimate of R 320 per Ha would be a

»easonable cost comparison.

l»/Reﬂecting, let us say, the opportunity cost in the private sector,
or maximum wages paid to subsistence agricultural labor.
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Range of Costs in R Per Ha

_Low Middle High
Capital Intensive R 220 R 320 R 480
Labor Intensive R 265 R 398 R 534
Difference R 45 R 78 R 64

Regarding the somewhat more labor intensive (66%) methods used on
Labor Construction Unit projects, costs are esfimated at a Tow of some
R 265 to a high of R 534, The former approximates a shadow wage cost
basis which is a well documented and accepted concept in comparing
alternative technologies. The higher labor intensive cost level of
R 534 is based upon the original estimates related to manday produc-
tivities in road construction prior to the Labor Construction Unit's
actual waterway construction work in Ratau. The mcre recent middle
cost estimate of R 398 per Ha may be the more realistic labor intensive
cost comparison basis; however, this conclusion is deferred for the
moment.

Momentarily ignoring the range of cost comparison estimates above,
let us simply compare cost differences at like estimation levels. The
labor intensive versus capital intensive cost differential ranges from
some R 45 to R 78. That is, the more labor intensive approach used by
the Labor Construction Unit:

1. May involve increased costs of R 45 to R 78, say R 65 per Ha

protected.

2. Generates from 115 to 160 mandays of employment versus ten

mandays under the capital intensive technology.



Page 35

3. Thus a difference of about one-half man-year of additional
work per Ha of area protected is produced with Tabor using
methods at an incremental cost of about R 65 per Ha.

Based upon these observations and cost comparisons, it is strongly
advised that more intermediate labor using technologies be studied.
Unit costs for labor intensive methods might decline dramatically,
for example, with the use of ox drawn scrapers, etc. Even though the
direct cost differentials above seem to "favor" a capital intensive
approach, such a conclusion is premature and unwarranted, as we shall

see.

IIT. BENEFITS OR RETURNS TO ALTERNATE TECHNOLOGIES

Marginal Comparisons. From the cost comparisons noted above, one

might reasonably conclude that the moderately labor intense methods used
by the Labor Construction Unit would increase cost per Ha by say R 65,
or Marginal Cost (MC) = R 65. This presumes, however, that the Division's
orientation to and supervision of labor was of a higher quality than
experienced in the past and very much competitive with Labor Construction
Unit operations in the Ministry of Works. The Marginal Benefits (MB)
from such a program are no Tless than 100 or more mandays of Basotho
employment per Ha of area protected.

Thus, if one regai'ds the value of such amounts of additional job
opportunities as worth R 65 or more, it is justifiable and preferable
to use the more labor intensive technology. Some alternative marginal

benefit-marginal cost ratio relationships are presented below:
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Marginal Benefit to Marginal Cost Ratio Cemparisons

Marginal Benefits (MB) Marginal Costs (MC) of Labor Intense Method
of 100 m.d. Employment MCy =0 MG, =45 MGz =65 MG =150
MB1 = R 0/m.d. 0 - - -
M82 = R 0.65/m.d, 0 1.44 1.00 .43
MB3 =R 1.0/m.d: 0 2.22 1.54 .67
MB, = R 2.40/m.d. 0 5.33 3.69 1.60

As can be seen, comparisons involving no additional cost (MCl) for
labor intense methods produce infinite benefits and are thus preferable
except when no benefits are postulated as being attached to employment
generation as in MBl. If MB1 is held to prevail, then labor intense methods
never are economical since the MB/MC ratio is negative (or 0). The MB/MC
ratios for all reasonably applicable comparisons are positive and exceed
1.0 i.e., MB3/MC3 = 1.54 or MB4/MC3 = 3.69. What this means, for example,
is that using a labor intense technology produces R 1.54 (or R 3.69) added
benefits for every R 1.0 added costs. Thus, the labor intense project
is superior to capital intense methods in conservation works.

Present Value and Multiplier Analysis. Since the task of this

evaluation is to compare capital intensive to labor intensive methods,

1/

and not that of determining conservation benefits, = we shall simply

assume that soil conservation and other direct economic benefits due to

road use, etc. are R 65 per year per Ha of area protected.

l-/See the recent soil conservation evaluation for more detail in con-
servation benefits. K.C. Nobe, et.al., A Reconniissance Level Evalua-

tion of Soil Conservation Programs and Methods in the Kingdom of Lesotho,
U.S. Agency for International Development, July 1978, Chapter IV.
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Under these circumstances, and further assuming a 12 percent dis-
count rate into perpetuity L and yearly maintenance costs of R 10
per Ha per year, the discounted net present value (NPV) of conservation

benefits (B) is as follows:

Annual Annual
Benefit Maint NPV of Net
Year Flow Cost Benefits Per Year
1 R 65 R 10 R 55 x .893 =R 49,12
2 65 10 R55x .797 = 43.84
3 65 10 R55x .712 = 39.16
4 65 10 R 55 » .636 = 34.98
5 65 10 R 58 x .5%7 = 31.19
6 65 10 R 55 x .507 = 27.89
L =N 65 10 55 x 8.333 = R 458

That is, the NPV of direct financial conservation benefits (b) per
Ha is R 458. This can be said to be the capitalized present value (at
12 percent), or the level of costs (C) one could incur to derive an
annual benefit stream of R 55 yearly. 2/ At costs per Ha of R 458 also,
the benefit/cost ratio would be:

B
NPV _ 458 _
~t "~ @ - 1.0

With costs per Ha of area protected as noted earlier and presum-

Ing equal benefits to either labor or capital intense methods, we have:

l-/Land values are most commonly valued in perpetuity, thus land conserva-
tion benefits are likewise. See R.C. Suter, The Appraisal of Farm
Real Estate, (Interstate Publishers, Inc.: ITTinois, 1974), pp. 247 ff.

2/ .
= The ratio %- = —-%g- = R 458 capitalized value in perpetuity.
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Capital Intensive Labor Intensive
B B
NPV _ 458 _ NPV _ 458 _ 458 _
C - 320 - 1-43 C - 530 - 0.869 . OY‘ 398 - ]-15

Thus far, then, the B/C ratio favors capital intensive methods where
each R 1 in cost returns a present value of net benefits over time equal
to R 1.43. &/

The analysis above can be said to reveal a financial rate of return

'(FRR) for capital intensive methods of 17.2 percent and at the higher
labor cost of R 530 per Ha, the rate of return is 10.4 percent. However,
this comparison may be misleading if it excludes some economic benefits
and costs such as the impact of employment effects. And this is not the
economic rate of return (ERR) unless, of course, one makes the untenable
presumption that employment is of no benefit to a developing nation which
has slack labor time.

Economic Return Comparisons. Including the value of generalizing

more employment opportunities completely alters the partial analysis
shown above. Our evaluation to date has shown that the cost per Ha of
labor intense methods likely is about R 398 and that MB = R 458, plus
one must add laber intense employment gains of 105 more direct mandays,

plus no Tess than +10 mandays of indirect employment, or a total of say

le]ternative]y, the internal rate of return equalizing benefits to
costs = 17.2% for capital intensive methods (1355;.172 . R320 _ 0)

R320 = R 320
and = 10.4% for labor intensive methods ( 55 _ R 530 _ 1.0)
.104 R 53 e
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115 mandays. Y

The comparison reflecting this consideration is as follows, where

each manday of employment incrementally gained is valued at R 1.40: 2/

Capital Intensive Labor Intensive

Benefits to Conservation = R 458 R 458
Benefits of Marginal R 161

Employment Gain = 0 (115 md x R1.40)
TOTAL BENEFITS HA R 458 R 619
TOTAL COSTS HA R 320 R 398
= 1.43 = 1.55

The conclusion quite simply now is that the most cost effective
technology is the Tlabor intense system of producing conservation works.

Detailed Multiplier Benefit-Cost Analysis. What follows explains

the mechanics of the conclusions noted above in greater detail. It is
further z.suned here that the cost of laber intense production is the
highest level (R 530/Ha) whereas the mid-range estimate (R 320/Ha) is
used for capital intense methods.

Previously it was shown that Tabor intensive methods generated an
estimated 160 mandays of total employment per Ha of area protected,
including 13 mandays due to site overhead costs. In comparison, capital
intensive methods generated some 6,500 mandays of employment for a 650
l-'/The multipiier derivation is explained below for several levels of

expenditure leakage. For the evaluation at hand, the 10 mandays of
added indirect employment is simply based upon a 85 to 90 percentage

lTeakage rate for direct employment multipliers.

g/R 1.40 is clearly at or above the standard subsistence wage in Lesotho,
and thus denotes one measure of increased worker welfare/consumption.
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Ha area--or about 10 mandays per Ha (about one-thira of which is attribu-
table to site overhead costs). To derive the ERR and make econcmic com-
parisons we must account for the differential of (a) an additional maxi-
mum of 150 marginal mandays of direct employment (hence more local con-
sumption) and also (b) indirect-induced employment-consumption impacts.

This Tatter increases income and spending, thus indirect employment in-

creases will stem from and be induced by the use of local labor. 1/

The impact of incremental gains of 150 mandays of direct and an

unknown amount of indirect-induced employment is illustrated beiow

under differing employment-output multiplier assumptions. 2/ Thus,

Column C shows that in a period of, say one year, 150 incremental mandays
6f direct employment "create" still another 50 mandays of work (or 150
x K of 1.33 = 50 mandays of indirect employment in year one). Indirect

employment is both a result of that induced by suppliers of inputs and

l/See E. Costa, et.al., Guidelines for the Organisation of Special Labour-
Intensive Works Programmes, International Labor Organization (Geneva:
1977) for greater detail on employment impacts, especially pages I-31
to I-47 and VII-5 to VII-14. Select observations here are that "...for
land improvement projects the upstream effects (production of inputs
such as seeds, fertilizers, etc.) and the downstream effects (transport,
storage and marketing of products) will doubtless be appreciable even
in terms of percentages of direct employment," (page I-40) or that
"direct productive projects (land improvement, terracing, drainage)
can durably increase the volume of employment and income," (p. 39).

g/Indirect-induced employment varies according to the proportion of new
expenditures from the incremental employment gain of 150 mandays that
is spent within the Lesotho economy. If we assume that only 33% of
the increase in income from added mandays of employment is spent within
Lesotho--or a 75% "leakage" factor--the period multiplier (K) is 1.333
as shown in Column C. The generalized explanation and illustration of
multiplier impacts which follow are purposely simplified here for clarity
purposes. See E. Costa.
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also that stemming from increases in incomes and spending. In turn,
expenditures from this indirect emplcyment create still more employment
in a subsequent period of time, etc. Column A depicts the larger multi-
plier impact associated with 50 percent of increased income being spent
outside a local economy and Column B depicts the smaller period multiplier
(K = 1.33) for a 75 percent leakage in expenditures which assumes 25 per-
cent of labor expenditures stay in Lesotho.
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Created = N + 150 + 50 + 75

Total Employment
Change.....covvvevinennnss +300 ......... +200 ......... + 225

Suppose we assume that new employment created is +75 mandays (Column C),

which is associated with a 67 percent leakage of expenditures reasonably
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characterizes Lesotho.-l/ If the proxy "value" for newly created employ-

ment is taken at the daily wage rate of R 2.40, a labor intensive method
of construction will generate an additional +R 180 (75 x R 2.40) in new
indirect employment benefits as shown in Column C.

Further, the initial 150 mandays of incremental employment gained
via use of a labor intensive method has some value in an increased
income-consumption context. If we arbitrarily presume this to be R 1.20,
Column B denotes direct employment benefits gained which also have a

surrogate value of R 180 (150 x R 1.20).

(B) (c) (E)
(A) Direct Created (D) NPV of
NPV of Employment Employment Estimated A1l
Net Conservation of 150 m.d. at Employment  Employment
Year Benefits/Year/Ha x R 1.20 R 2.40 X Benefit Benefits
1 R 49,12 + R 180 50x2.40=R120 R 300 x.893=R267.9
2 43.84 0 16.7x2.40=40 40 x.797= 31.2
3 39.16 0 5.6x2.40= 13 13 x.712= 9.3
4 34.98 0 1.9x2.40= 5 5 x.636= 3.2
5 31.19 0 0.6x2.40= 1 1 x.567= 0.6
6 27.89 . . .
L=N R 458 +R 180 75x2.40=+R 180 +R 360 +R 311.20

lr/A large proportion of Lesotho incomes are spent abroad. However, since

the data herein are primarily illustrative and also because most authori-

ties argue that the ncriod multiplier in developing nations rarely is
less than 1.5, the .ssumption herein 1ikely is reasonable. Also esti-
mated final consumption expenditures approximated R 267 million in
1977/78 while net imports adjusted for business-government services
and purchases of equipment approximated 150-180. Thus a reasonable
proportion of consumption likely does not leak out of the domestic
economy. See "Lesotho's Agriculture: A Review of Existing Informa-
tion," LASA, October 1978, pp. 1-5 and 10-12.


http:0.6x2.40
http:1.9x2.40
http:5.6x2.40

Page 43

As a consequence of so "valuing" employment, the previously illus-
trated benefit-cost comparisons between capital intensive and labor inten-
sive methods is altered significantly. Incremental employment gains of
+225 added mandays of employment has present value, say, of R 310. Thus,
total benefits are R 768 (R 458 + Column E or 310). These employment
gained benefits can now be factored into our comparison of alternative

technologies. The respective B/C ratios now are about equal as is shown

below:
Capital Intensive Labor Intensive
B B
NPV _ 458 _ NPV _ 768 _
c < 30 ° 1.43 T = 30 ° 1.45

The nature of the above illustrative data and analysis is now such
that an economic rate of return can be said to be derived (in part).
Inclusion of employment as an economic reality as well as an end of
development has altered the former "financial" conclusion that the
capital intensive method is "best." 1 On the basis of the economic
information above, then, the ERR of the labor intensive method is
equivalent to 17.39 percent annually as compared to a financial return
of 17.19 percent for the capital intensive method.

Using these benefit-cost relations and the 650 Ha area treated

"model1" discussed on page 21, we would produce 13 Km of waterway, 162 Km

l-/Acturmy one might also adiust labor intensive costs of R 530 for a
shadow wage, which has the effect of favoring still further the labor
intensive technology.



of terrace, 4.3 Km of diversions and 7.7 Km of village roads.

and costs vary as a result of inclusuion of the employment impact discussed
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Benefits

above.
Capital Intense Labor Intense Difference
Costs
No Ha Protected 650 650 0
Total Cost R/Ha R 320 R 530 +R 210
Aggregate Total Cost R 208,000 R 344,500 +R 136,500
NPV Marginal Cost of Labor Intense R 136,500
R 210/Ha
Benefits
Annual Conservation/Ha R 55 R 55 0
NPV Benefits/Ha R 458 R 458 0
NPV Cons. Aggregate Benefits R 297,000 R 297,000 0
Employment in m.d./Ha 10 160 150
Total Employment on 650 Ha q,750 156,000 146,250
Direct Employment 6,500 104,000 97,500
Indirect Employment 3,250 52,000 48,750
NPV Marginal Benefit of Labor Intense Method:............... R 201,500
(R 310/Ha)
Added Employment = 146,250 m.d.
Rand Value of Direct Employment R 1 per m.d. = R 97,500
Rand Value of Indirect Employment R 2.40/m.d.= R117,000

(NPV based upor 12% discount rate and 146.250 m.d. x R 1.378/m.d.)

R 498,500 _ .
344,500 - 4

Total Benefits R 297,000 _ ;43

208,000

While financial marginal costs (MC) are higher by MC = R 136,500 in a
cost comparison admittedly unfair to labor intensive methods, the economic
marginal benefits (MB) are still greater in the amount of marginal benefits
(MB) = R 201,500 for the labor intensive technology. Total benefits in an
absolute context also are greater in using labor intensive methods.

In conclusion, the comparison just shown suggests that labor inten-

sive methods 1ikely generate marginal economic banefits sufficiently
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large enough to counter the impact of their higher marginal financial
costs. Because the labor intensive MB/MC exceeded the overall B/C ratio,
labor intensive methods are most appropriate. Total benefits in an
absolute context also are greater in using labor intensive methods.

Other "Economic" Returns. Clearly the benefits of employment dis-

cussed above are an important economic return. There are a number of.
social and indirect benefits to labor intensive works programs which

tend to be excluded in a purely financial evaluation of proiect rates

of return. These socio-economic factors overwhelmingly argue against

the continued heavy use of relatively scarce capital resources in a
surplus labor economy, particularly if capital intensive production

leads to labor displacement. A move toward more labor intensive methods
of wovks construction in Lesotho generates the following eight categories
of benefits that cannot be readily identified in pecuniary terms.

1. Increased capacity in agriculture. Local interest in agricul-

tural pursuits (and land conservation) is enhanced by the

fact that workers have a supplementary employment option on
their own, or their village, farm lands. Such an interest can
be especially important to works maintenance and to increased
farm output objectives.

2. Avoiding urban migration costs. Migration to urban areas in

the future may be mitigated with more labor intensive works
in the Conservation Division. Generally speaking, a somewhat
balanced dispersal of population tends to minimize social

costs attendant to a burgeoning urban population.
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Social stability. The evolution of a potentially satisfied

populace and socio-family solidarity is enhanced as supplemen-
tary nonfarm employment options are made available. Political,
social and family benefits of a nonpecuniary nature stem

from greater opportunities for domestic employment. The

push of recent decades toward migrant labor in the Republic

of South Africa, as well as the hidden effect of disemploy-
ment (due in part to using capital intensive methods) are
c¢astabilizing influences in Lesotho.

Human resource worth. Local employment generates benefits

in the form of an enhanced sense of personal worth; learning
by doing, or the accretion of additional skills over time;
and ultimately increases the productivity of Basotho labor.
In a very real sense, then, the stock of human capital
available in Lesotho grows as a by-product of labor inten-
sive projects.

Intergeneration effects. There is a difficult to enumerate

but important intergeneration impact stemming from higher
levels of health, education and consumption possible through
employment in labor intensive systems of production. Future
as well as present workers benefit from jobs, and the reality
or a reasonable expectation of future employment being
available within Lesotho likewise is important. In contrast,
adversé intergeneration effects are associated with fewer

jobs.
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International vulnerability. The present level of reliance

on the Republic of South Africa for nonfarm work carries

with it a high degree of political and economic vulnerability
to powers and events ex‘ernal to Lesotho. Any change away
from this posture, whether due to the result of labor inten-
sive production systems or to the adoption of import substitu-
tion policies, for example, may be construed as beneficial

to the Lesotho economy.

Crisis potential. There is present today a prospective

reemployment crisis, due to past heavy reliance on migrant
employment and also due to future probable labor force
growth., The option value of experience now with labor
intensive programs may be enormous to the Government of
Lesotho. By way of contrast, capital intensive methods
intensify the potential severity of such a crisis. The
significance of labor absorption policies is particularly
important because Lesotho's labor force will grow by several
hundred thousand additional workers in the next two decades.

Interindustry growth. A labor intensive orientation to

Conservation Division works programs also can benefit the
Lesotho eccnomy by prompting or inducing expansion in invest-
ment in and consumption via industry linkages. (These
sectoral growth effects will be all the more positive if
accompanied by selective import substitution policies.) In

contrast, lesser interindustry growth impacts accompany
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capital intensive and primarily imported systems of conserva-
tion works production.

These eight types of largely nonpecuniary impacts are of substan-
tial importance. Unfortunately, it is not possible to quantify such
economic benefits financially and one can only suggestively imply
their significance.

As a surrogate value for such factors, the above inclusion of
direct and indirect employment impacts as an explicit benefit to labor
intensive methods appears to be reasonable. Moreover, it should be
remembered that labor costs were not evaluated on a shadow wage basis;
rather market wages were used in the economic rate of return analysis.
This results in an overstatement of the costs of labor intensive
projects. If a shadow wage were used, the economic rate of return
would further favor labor intensive methods of works construction in
the Conservation Division.

Ultimately, a pure financial or least cost efficiency comparison
standard must encounter trade offs and competing obiective functions.
Thus, any comparison of labor intensive versus capital intensive
systems is, in the end, a judgmental, matter. However much merit
there may appear to be in pursuing technical or least cost efficiency,
it can ultimately run counter to the essence of economic development.
Because capital intensive methods do displace potential working people,
they are indeed costly. Therefore, the case for building emplovment

benefits into comparative benefit-cost analysis is considerable.
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IV. SUMMARY AND CONCLUSIONS

COST SUMMARY

The data shown below summarize probable cost comparisons in Rand per
output unit (in Km and Ha area protected) for labor intensive and capital
intensive methods. The former are presented both as originally derived
(LI-A) and on the basis of more recent 1979 data (LI-B). While revealing
financial cost advantages for capital intensive methods overall, financial

cost data alone clearly reveal onlv one-half of the picture.

Village (Per Ha
Waterway Terrace Diversion Roads Protected)

CAPITAL INTENSE (CI)

" TOTAL COST/KM............. 3,430...;..825 ...... 2,140....2,700........ 320

Equipment Only 2,430 590 1,520 1,920 228

OH and Labor 1,000 235 620 780 92
LABOR INTENSE (LI)

LI-A: TOTAL COST/KM...... 2,750....1,570...... 8,940....2,310....... 534

Labor Only 2,060 1,225 6,915 1,904 416

OH & Equipment 690 345 2,025 406 118

LI-B: TOTAL COST/KM...... 1,370....1,220...... 5,700....2,210....... 398

Labor Only 1,030 960 4,480 1,904 314

OH & Equipment 340 260 1,220 406 84

BENEFIT SUMMARY

The essential diffurence in benefits is that of employment and its
value. Labor intense methods generate hundreds of additional mandays of
employment above capital intensive methods as we have seen. The compari-
son is shown below per Km for capital intensive versus labor intensive--A,

and capital intensive versus labor intensive--B:
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Village (Per Ha
Waterway Terrace Diversions _Roads Protected)

CI Employed Mandays 107 26 67 84 10
LI-A Employed Mandays 860 427 2,530 507 160
Gain in LI Employment: + 753 + 401 + 2,463 + 423 + 150
LI-B Employed Mandays 429 307 1,517 507 115
Gain in Employment: + 322 + 281 + 1,450 + 423 + 105

A11 things considered, the conclusion reached here is that labor
intensive methods are more cost effective and thus deserving of wider
adoption. The MB/MC ratio for labor likely is 1.5 to 3.7 (p. 36). The
total B/C ratios appear to be CI = 1.4 and LI = 1.55 (p. 39). However,
this does presume a high quality of program supervision for the Con-
servation Division. Additionally, several other labor intense pro-

gram components deserve careful consideration.

PROGRAM COMPONENTS OF LABOR INTENSIVE WORKS

Construction programs designed to operate at more labor intensive
levels within the Conservation Division should incorporate certain
components. There are seven maior components of a labor intensive

construction program worthy of further consideration:

—
-

Employment of Basotho labor at nonpeak seasonal times.
2. Use of task work or incentive pay systems.
3. Continued cost and output monitoring systems.

4, Rehabilitation in lieu of reconstruction for selected arable
land areas.

5. Development of equal employment opportunities in the use of
female labor.

6. Experimentation with a combined wage and in-kind payment system.

7. Explicit plans for maintenance of works.



Page 51

Because each of these is critical to the use of a laber intensive approach

they are discussed further below.

1. Employing Off-Peak Labor Supply. Great care must be taken

to avoid employing labor which otherwise would engage in crop farming,
thereby reducing agricultural inputs and outputs. The agricultural
labor force in Lesotho does have "slack" time over an entire calendar
year and, in that context, surplus Tabor can be said to exist. Else-
where 1/ it has been tentatively estimated that this form of underem-
ployment may approximate 10 million more mandays, or one-third to
one-half of available Basotho labor time over a yearly period. There
is little doubt that there is an amount of significant labor surplus,
or slack labor time especially when one considers that these estimates
do not include (a) current migrant workers or (b) future new entrants
to the labor force.

At the same time it is strongly recommended, however, that Conserva-
tion Division programs of the labor intensive nature hire men with great
care during peak load seasonal times for crop farming. This is particu-
larly true during the plough-plant period (generally Oct.-Dec.) insofar
as male workers are concerned. Furthermore, since weeding is largely a
female farm task, employment of women should be also limited or monitored
during those seasonal peak periods (generally Dec.-Feb.).

Existing data are not in clear agreement with respect to the
nature of a farm labor shortage that might exist at present in Lesotho

l-/R. Wykstra, "Farm Labor in Lesotho, Scarcity or Surpius?," LASA
Discussion Paper No. 5, September 1978, pp. 26 ff.
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during peak load periods. What information we do have ranges from a
probabilistic farm labor seasonal shortage of a significant nature
(about 30%) to other estimates that indicate the 1ikelihood of no
labor shortage--that is, a full employment level not exceeded during
peak crop farm periods. Y

In the aggregate, the potential seasonal labor scarcity does suggest
that Conservation Division programs emphasizing labor absorption should
primarily be restricted to a period of time no lTonger than eight months
of a calendar year. This does not remove, however, the possibility of
a nonfarm work-income substitution effect. That is, a relative farm
labor shortage (reduced farm labor inputs) could prevail because of
improved opportunities for nonfarm income sources from labor intensive
programs conducted by the Conservation Division. At the present time,
the extent to which such work-income substitution might occur simply
is not known.

In short, even though slack labor clearly exists annually, disrup-
tion of the flow of farm labor must be avoided by the Conservation
Division to avoid conflict with peak-load agricultural labor demand.

If this is not done, the costs of a labor intensive program rise
greatly, perhaps to the point of being uneconomic vis a vis capital
intensive methods. Of course, such circumstances are subject to
change over time as (a) migrant workers return to the Basotho labor

force and (b) growth in the size of the labor force occurs.

b,
LASA Agricultural Sector Review, October 1978, Section VI.
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2. Task-Work or Incentive Pay Schemes. Far too much evidence

exists today to continue a work or pay scheme that fails to relate to
labor productivity. Therefore it is recommended that wage payments be
tied to worker output levels, or that task-work quotas tied to given
levels of output be established.
The Labor Construction Unit in Lesotho has, for example, experi-
enced productivity rates equal to or in excess of its target of two to
three M3 daily since adoption of a task-work wage system. 1 Initially,
for example, labor productivity rates doubled as task-work quotas were
established on the project for the Mazenod-Mokema-Moitsupeli Road. 2/
Productivity rates for ordinary ground excavation are now exceeding
2.5 to 3.0 M3 per manday.
Labor productivity rates elsewhere have also been found to relate
to pay schemes dramatically. In its survey of 42 irrigation and dam
construction sites (in India, Kenya, Honduras and Indonesia), the
International Bank for Reconstrucfion and Development has reached
similar conclusions regarding task-work (or piece rate) payment
systems. 3/ In general, these studies attribute 70 to 100+ percent
gains in productivity as due to such pay systems.
l-/See Ministry of Works, Labor Construction Unit 1st, 2nd and 3rd Six
Month Financial and Technical Reports to the Coordinating Commitgee
(Nov, 1977, May 1978 and Nov. 1978). More recently rates of 6 M
have been reached.

Z-/Ibid., p. 8 of 2nd Report.

Q/WOrld Bank productivity studies are summarized in I.K. Sud, et.al.,
Scope for the Substitution of Labor and Equipment in Civil Construc-

tion (New Delhi, International Bank for Reconstruction and Development
Progress Report, 1976), p. 7 ff.
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Further, unskilled labor output rates of some 2.5 M3 per manday earth
moving is an easily reached output norm (for moderately compact dirt
excavation). 1/

A large number of additional variables such as nutrition, climate,
site and soil conditions, quality of tools, specific nature of a task,
and managemeat quality also have a significant impact on labor produc-
tivity. Several of these variables are important to both labor inten-
sive and capital intensive methods of construction. They generally
have a quantitative impact upon productivity gains comparable to those
associated with incentive pay schemes. 2/

Finally, on behalf of the importance of incentive pay schemes,
such systems of payment likely contribute in a positive way in the
Tong run to work attitudes and patterns of industry that are required
in modernizing an economy. In contrast, a daily pay rate system, and
especially in combination with fair to poor supervision practices,
tends to encourage wastes. In short, work habits and customs that
enhance labor productivity also enhance the value of labor. For that
reason, a labor intensive approach with an output-payment relationship
will have a positive development impact. In con.rast, use of a labor
intense technology may not be economic and will appear to be inappropri-
ate if a daily pay wage system is continued by the Conservation Division.
l-/Ibid., pp. 7, 8 and 43 ff. Also see: Men or Machines, A Philippines

Case Study of Labor-Capital Substitution (Geneva, International

Labor Organization, 1974) and W.A. McCleary, et.al., Equipment vs.
Employment (Geneva, International Labor Organization, 1977).

g/See above references.
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3. Continual Output-Cost Monitoring. A third and vital need

for future Conservation Division programs is the monitoring and evalua-
tion o7 output, productivity and costs of construction programs--regard-
less of whether a labor intensive or a capital intensive approach is
used. This is an even more important need, however, once a given
resource combination is adopted. Resource supply or factor cost-benefit
changes in the future can greatly affect the appropriateness of whatever
might have prevailed in the past. Additionally, it is vital that the
Conservation Division have a staff capability and an orientation to

cost effectiveness in its operations that does not exist today. 1/

It would not be totally unfair to say that consideration of addi-
tional future expenditures for the Conservation Division are out of
order until the cost accountability problem is remedied. The requisite
manpower required to establish a responsible and systematic financial

and cost accounting orientation is very modest. The Conservation

l-/The cooperation and willingness of the Conservation Division in obtain-
ing available cost, output and economic information for this evaluation
could not have been greater. In spite of the fact that the above men-
tioned staff also are much overextended and have responsibilities which
preclude anyone currently meeting this need, the present situation is
untenable. Currently, economic evaluation information and particularly
a systematic accounting for production, cost and financial data is, at
best, sporadic and available on a very partial basis from various persons.
These conditions should not be continued aven with the present orientation
toward a capital intensive works-construction method. Moreover, con-
sideration of labor intensive systems of production, can involve even
greater wastes. At the moment it is not possible to determine the
actual hcurly inputs of equipment to Conservation Division construction;
realistic cost data needed for evaluation are not available; and a cost
analysis of labor versus equipment charges does not have an established
basis. Such circumstances should not be continued for any government
agency with a budget level and responsibility comparable to that of
the Conservation Division.
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Division should, if present circumstances prevail in the future, be
required to utilize Ministry of Works capital equipment on a normal

rental basis.

4. Rehabilitation of Prevailing Conservation Systems. At the

present time, there is potential (to an unknown degree) to rehabilitate
portions of existing conservation works on arable cropland.

The extent to which the Conservation Division has been able to
provide Tand protection at recent funding levels is such that it will
Titerally require hundreds of years to complete the task on a full or
new construction basis. At present funding levels, the Conservation
Division budgets a 1ittle more than R 1 million yearly. If construction
costs of conservation approximate R 300/ha of area protected, something
Tike 100 years will be required to protect 300,000 Ha (or R 300
million in expenditure yearly). This is one compelling reason to consider
rehabilitation. Additionally, it is feasible to use more labor intensive
systems to rehabilitate because of the selective application of Tabor
as opposed to capital resources. For these reasons, and in spite of
the fact that rehabilitation may yield less than a perfect or optimum
solution in a conservation engineering context, a rehabilitation
orientation to future resource request seems to be in order.

Consequently, it is strongly urged that methods for rehabilitating
1/

existing structures be evaluated and implemented where feasible. =

l/The general posture prevailing today appears to be that existing struc-
tures are not worth redeeming by assumption. This is not defensible
as a presumptive reality. Indeed, quite the reverse proposition is
most likely to be the case, especially if rehabilitation is more clearly
attuned to both technical and economic realities in Lesotho today.
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5. Equal Employment Opportunities by Sex. A planned use of

more labor resources by the Conservation Division will further require
that attention be paid to the sex distribution of employment. For
short-term availabijlity and also equality reasons, fuller utilization
of the female labor force cannot be ignored.

A large number of households in Lesotho, no Tess than one-third
and perhaps as many as one-half, are headed by females. If femaies
are implicitly excluded from consideration as workers on labor inten-
sive projects, L this discriminatory policy will Tikely lead to a
greater maldistribution of income. Also, a very large amount of the
existing supply of surplus or slack labor today in Lesotho is female.
Further, Basotho women have a demonstrated ability and custom of
preductive work in agriculture. Any differential male-female produc-
tivity levels which may prevail are immaterial to the Conservation
Division if payment is based upon task-work or piece-rate payment
systems, and the abysmal productivity experiences of food-aid labor
must be ignored.

In short, as one component of a greater labor intensive orienta-
tion in the Conservation Division, careful consideration must be given
to the use of female workers. This is not to imply that there is a
reduced need to employ male workers on an off-peak seasonal basis, nor
js it suggestive of ignoring the need to reemploy migrant male workers

domestically. Rather, the recommendation is simply that of giving

l-/The case in the Labor Construction Unit today.
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careful consideration to equality of employment opportunities and

income distribution impacts.

6. Combining Cash and In-Kind Labor Payments. The Conservation

Division should carefully consider and experiment with a portior of
labor wages (e.g., 10 to 20%) being paid in-kind in the form cf inputs
to crop farming.

One crucial factor is that payment in-kind be an acceptable
alternative to workers and while consumption related payments may be
acceptable in some measure because of historical experience, they must
be tied to productivity. The Conservation Division may then have an
opportunity to totally reorient the existing food-aid labor program
away from its present welfare form which bears no relation to work
productivity. In spite of the clearly positive social and personal
benefits of the food-aid program in general, as presently administered
the program is detrimental to a labor intensivc operation in the
Conservation Division.

An alternative form of in-kind payment to labor might be payment
in the form of farm inputs such as fertilizer, tools and implements,
or seeds. This may have the added incentive feature of encouraging
workers to devote efforts to crop farming during those seasonal periods
when labor is not engaged by labor intensive construction teams.
Potentially, that may have a crop farm output (and consumption) increas-
ing impact which, in the final analysis, is the ultimate object of

land conservation programs.
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7. Structure Maintenance Programs. Presently there is some

evidence that Conservation Division outputs (such as terraces) may be
maintained at 1ittle expense at the farmer or village level. This
evidence, however, is neither consistent nor complete and, in any
event, public sector support is 1ikely to be required in some measure
for maintenance purposes.

Road maintenance particularly seems suited to continued govern-
ment assistance and, additionally, provides an opportunity for an
expanded lator intensive profile within the Conservation Division.
For these reasons then, an active maintenance program is another
crucial component to implementation of a more general orientation
toward a labor intensive construction program.

A more exhaustive 1ist of program components might be attached to
this endorsement of labor intensive techniques. However, the above
seven points are very vital to this evaluation and to realization of

returns associated witn a labor intensive approach to public works.
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APPENDIX A: CONSERVATION DIVISION

Data on the output of primary construction works available for
the 1.5 years ending December 1978 are shown below for the Conservation

Division.

18 months 6 months
Aggregate Outputs ~ 7-77/12-78  7-78/12-78
Km Village Roads 40.0 7.4
Km Diversions 4.8 0.1
Km Terraces 74.8 40.8
Km Waterways 124.5 26.4

Source: Table A-1 of this Appendix.

These primary outputs were generated during a time period when aggregate
budget outlays approximated R 1.5 million, two-thirds of which represent
recurrent budget provisions and one-third of which represents capital
committed (see Table A-2 of this Appendix for detailed data). Conserva-
tion Division expenditures do provide more than simply physical works
construction, however, even though soil conservation is the ultimate
ohiect of Division activities.

Unfortunately data on equipment input by hours or type of output
are not available from the Conservation Division for this time period.
What is known is that works construction such as that detailed above
relied almost exclusively on the use of numerous tractors with tandem
scoops across several project areas the Conservation Division was work-
ing in during this period of 1.5 years. Apparently terrace construction
relied upon available motorgrader capacity and some Cat D-4 capacity

also was available to the Conservation Division during this time period.
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Additionally, the Conservation Division does cost out its use of
existing equipment on a replacement value basis using the +12 percent
compound factor for inflation and insurance charges also used by the
Ministry of Works plant pool. However, hourly cost charges are based
upon twice (1,400 hrs) the actual experienced operating hours yearly
which average about 700 hours. Similarly, equipment life is costed at
about twice effective 1ife (e.g., 12,000 hours for graders and D-4
dozers or some 17 years at 700 hours yearly use). Conservation Division
equipment charge rates depart downward in further ways from the plant
pool (or other standard costing) charges (e.g., no‘minimum monthly
charge, say 120 hours). Appendix Table A-3 which follows provides the
costing sheet used by the Conservation Division.

The Conservation Division has used food-aid labor fairly regularly
and also has some experience with labor intense works at Matsieng Morija

and Lipetu. In the former case, a dam was built involving difficult haul

Tength and compaction problems in which output averaged 0.5 M3 per manday.

At Lipetu, waterway construction was involved for a 50 man crew for hauls
exceeding 100 M and output rates approximated 0.1 M3 per manday. Y
These are not representative of labor construction productivity achieve-
ments, however, for various reasons (e.g., site condition and daily pay
systems--see Appendix D).

Based upon experience in conservation engineering from both the

Conservation Division and Thaba Bosiu, estimated site overhead labor

l/Leroy Scherer, Conservation Division, Government of Lesotho.



Page A-3

requirements were derived for a "package" of output consisting of
650 ha of "area protected.” Y The components of these site overhead

charges are as follows for a capital intensive technique:

1 Sr. Foreman 1 Timekeeper

1 Vehicle Driver 1 Watchman

2 Conservation Assts 1/2 Engineer

1 Sr. Conservation Asst 1 Asst Conservation Officer
8 Laborers 8 Fquipment Operators

Source: Leroy Schreer and Mike Nyquist, Conservation Engineers.

The above noted labor inputs typically would serve a proiect of some
550 Ha of area protected. Additional site overhead charges for materials,
aquipment mobilization, etc. are incurred under capitai intensive methods,
however. 1/ (See text Section II for these details.)

Using cost rates 2/ per Km of works constructed in combination
with equipment and productivity levels achieved in Thaba Bosiu (see
Appendix B), 3/ it is possible to reconstruct an estimated total
equipment cost-value for the levels of output achieved by the Con-
servation Division for the 18 months ending January 1979, Over the
last 1.5 years., works constructed hy the Conservation Division consisted

of the following:

l/The Km of output reauired (see Note h to Table A-1) are 7.7 Km village
roads, 162 Km terraces, 13 Km waterways and 4.3 Km diversions.

g-/Page C-13.
3/These cost rates represent charges for capital equipment based upon

available input data for Thaba Bosiu. Such data on operating hours
were not available for the Conservation Division.

1,V
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Output Equipment

inKkm  Cost in R
Waterways 124.5 302.500
Terraces 74.8 44,100
Diversions 4.8 7.300
Village Roads _40.0 108.000

244 1 R 461.200

It must be remembered, however, that this does not include site over-
head costs (some R 188,700). Further, due to the unavailability of
equipment operating hours from the Conservation Division the "equipment
costs" values estimated above are based upon productivity relations

experienced by Thaha Rosiu and not the Conservation Division.
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TABLE A-1

Maior Construction Items and Area Protected
Conservation Division, July 1977 to December 1978

Km Length Ha Protected (b)

Roads (Village)

7-77/7-78 32.6 2,700

7-78/1-179 7.4 600

To Date (a) 40.0 3,368
Terraces

7-77/7-78 34.0 136

7-78/1-79 40.8 163

To Date (a) 74.8 299
Waterways

7-77/7-78 98.1 4,906

7-78/1-79 26.4 1,320

To Date (a) 124.5 6,226
Diversions

7-77/1-78 4.7 705

7-78/1-79 0.1 15

To Date (a) 4.8 720

(a) Period prior to 7-77 excluded.

(b) Estimated basis 84.2 ha = 1 km roads; 4.0 ha = 1 km terraces;
50 ha = 1 km waeterways; and 150 ha = 1 km diversions. Data do
not include some 130 km of road maintained.

Source: Mr. Leroy Scherer, Conservation Division, Government of Lesotho.
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TABLE A-2
Conservation Division
Estimated Financial Outlays
July 1977-December 1978
(in 000 R)
July 1, 1977- July 1, 1978- 18 Mo
June 30, 1978 (a) Dec 31, 1978 Total

Recurrent Budget Provisions (b) 561.2 460.0 1,021.2
Capital Committed (c) 384.0 149.1 533.1
TOTAL 1,554.3

(a) Based on April 1, 1977 to March 31, 1978,

(b) The recurrent budget is based upon the provision amount which
typically is +/- 1% of the total active spent.

(c) The capital budget committed is based upon the balance of funds
committed for the 7-78 to 12-78 six months period; however, for
the period July 1, 1977 to June 30, 1978 capital outlays represent
those funds approved for April 1, 1977 to March 31, 1978 as the
approximate estimated capital cost. Capital cost includes temporary
casual Tabor but excludes skilled operator labor costs.

Source: Peter Bonnema of the Conservation Division, Government of Lesotho.
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TABLE A-3
Replacement Costs
Conservation Equipment
C L A 1.1 x A 1.21 x A
Price Est Life Cost Cost Cost

Description. 1078 _inHrs_ 1079/80 1980/81 1581/82
D4D R 33,400 12,000 6.21 6.83 7.51
Grader 57,000 12,000 10.60 11.66 12.83
Ford 4000 8,461 11,200 1.63 1.79 1.97
Ford 5000/6600 9,887 11,200 1.90 2.00 2.30
MF 188 10,657 11,200 2.05 2.25 2.48
Ford 8000 21,870 11,200 4.21 4.63 5.09
I.D. 760 68,000 12,000 12.€4 13.90 15.29
STD 8 32,800 10,000 €.70 7.37 g 1
Compressor 14,720 14,000 2.55 2.80 3.08
Tandem Scoops 5,323 14,000 .02 1.01 1.1
Tipping Trailers 3,400 20,000 .51 .56 .62
Flat Trailer 2,300 14,000 .40 .44 .48
Water Trailer 12,000 20,000 1.79 1.97 2.17
County 754 16,682 11,200 3.21 3.53 3.83
County 1124 23,796 11,200 4. .58 5.04 5.54

Plant pool formula used:

10xC + 0132 xC . g
1,400

L

Source: Conservation Division.
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APPENDIX B: THABA BOSIU

The Thaba Bosiu Proiect represents one of the more intense and
integrated conservation efforts undertaken in Lesotho. The information
which follows is a compilation of available relevant data on costs and
production from its inception in 1973 ts the end of 1978 for this
proiect.

During the period of time from proiect inception to the end of 1978

estimated conservation works output were as follows.

Entire Period 1 Year
Aggregate Output 1973-78 1978
Km Village Roads 45.0 11.7
Km Diversions 6.0 2.6
Km Terraces 324.2 164.2
Km Waterways 46.5 10.1

Source: Table B-1 of this Appendix.

During this same period of time (up through September 1978 only), the
Agency fer International Development's portion of Thaba Bosiu expendi-
tures aggregated R 767,700, some R 208,800 of which was earmarked for
soil conservation. v

Aggregate hours of operating time of heavy equipment used for con-
struction of conservation works for these same time periods averaged
about 600 to 700 hours of operation yearly. This can be seen by examina-

tion of the data below, which includes rental time for two graders of

some 600 hours each in 1978.

Ysee Table B-2.
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Hours of Operation
Entire Period 1 Year

Heavy Equipment 1973-78 _1978
2 D-4 Cats 5,864 993
1 Scraper 1/ 2,082 651
4 Graders = _ 7,926 2,609
TOTAL...vviiiiiiinnnnns 16,772...... 4,253

l/Two rental units used only in 1978 some 600 hours each.

Source: Tabhle B-1 of this Appendix.

Proiect officers indicated that equipment was operated virtually as

many hours as it was available and not in need of repair. 1/ Addition-
ally, it should be recognized that because of delivery lags in equipment,
the earlier period of proiect activity did not include significant
equipment operating time. 2/

Productivity rates in the Thaha Bosiu proiect for the entire
period from 1973 to 1978 in comparison to the last year of 1978 show
marked improvement in terraces, waterways and diversion construction.
Generally speaking, each machine hour of input produced upwards of 50
percent more of these outputs measured in Km of production. For
example, during the entire five year period, an average of 27 hours of

mixed scraper-grader-dozer time was used to construct one Km of terrace

over the entire 1973-78 period. In contrast, for 1978, 17.5 aggregate

l-/Michae] Nyquist, Conservation Enginee', Thaba Bosiu.

ngxc]uded from the above is data concerning maintenance and road
construction of other than village roads which, relatively speaking,
was insignificant (see Table B-1 following).
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machine hours were required on the average, as is shown in the illustra-

tion bhelow:
Average Hours of Scraper-Grader-Dozer Required 1/
(a) (b) (asb)
1978 as % of
1978 1973-78 ~ _Overall Hours_Req

1 Km Village Road req: 45.3 hrs. 47.2 hrs. 96.0 %
1 Km Terrace req: 17.5 hrs. 27.0 hrs. 64.8 %
1 Km Diversion req: 44.7 hrs. 68.3 hrs. 65.4 %
1 Km Waterway req: 64.9 hrs. 108.6 hrs. 50.7 %

l/The equipment "package" actually in use consisted of 1 scraper,
4 graders and 2 dozers.

Source* Table B-1 of this Appendix.

This improved level of productivity was explained largely as due to
the experience gained by equipment operators and proiect management,
including lead time gained in design and planning.

Table B-1 of this Appendix is the original project estimate of
output by Km and machine hour inputs by type 6f equipment. This docu-
ment contains comparable information concerning village road main-
tenance, field roads and terrace maintenance which is not considered
above because of its relative insignificance. Additionally, data
concerning cost per unit of output (Km or M3) are not fully reflec-
tive of real equipment cost because of the understated hourly rate
hypothetically charged. Charged rates cannot be based upon actual
hours operated when they average two to three hours daily since

even Tong-term lease rates normally require a greater level of
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capital recovery based upon long-term possession of equipment. Typically,
such capital charge rates average about 60 percent of short-term rates,
which in turn are tied to charges for 45 or more hours of use weekly--
based on a 2,000+ hour per year cost norm. 1
Exhibit B-2 which follows is a summary of cumulative expenditure

disbursements through September 1978 applicable to the Agency for Interna-
tional Development. The first budget item (Staff and Operation) is
approximately one-third of total expenditures and is as representative

of general overhead expenditures as can be determined for this conserva-

tion effort.

l'/Actua1 available operating hours cannot be expected to exceed 1,000
to 1,200 hours yearly, and Swaziland experienced an average of only
22% use of a theoretical 2,000 hour year (see Soil Conservation Cost
Effectiveness Study, U.S. Agency for International Development,
September 1977, pp. 107-09.
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TABLE B-1
SAVINGRAM

FROM: Conservation Engineer . RECEIVED J:ATE STAMD
TO: Ron Wykstra, CCO/ TBCS, CCO/ MOA, Levoy Scherexr

Pulhit S
REF. NO.......CR..5./3
SIGRED: . i q“*%r—;*'
(Full Signature) Vo
NANE: M.-N__VC]UlSt FILE NO.:
(Typed) (Receiving Min./Dept.)

DATI: 8 January, 1979.

GPL, 2551/78 - 10m Pds

——n ton —n

Re: Conservation Costs

The followina pages show: estimated costs for construction
of €onservation measures in the Thaba Bosiu Conservation
Section.

Figure 1 shows total construction to date at the top of
the page. This is followed by total heavy eqlip ment
operating hours and an estimate of hours spent on each type
o§ work, that is - waterways, terraces,village roads, etc.
Estimated gost per unit construction for each conservation
rnieasure is given at the bottom of the page.

Equipment rates in Rands per hour are based upon hire rates
locally charged by both commercial firms and by the
government plant pool. Rates are given in the figures based
on actual operating hours, rather than being based on an

8 hour day. Actual operating rates for our equipment average
about 2-3 hours per day.

Figure 2 shows the same information as figure 1 but for 1978
only. It can be scen that costs per unit construction are
much lower when compared to previous years. This is
attributable mainly to the increased skills of operators and
technicians.

Figure 3 gives estimated costs of construction for waterways,
terraces and diversions shown as dollars per cubic yard.

"Operating hours" includes such non-productive time as idling, road
and travel time, warm-up, etc.

MN/0D.



TABLE B-la

— e et e - s et

THARA BOSIU OUTPUT-COST AMALYSIS
Total to Date
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Constructed

Field roads 26.35 Km

Field road maintz2nance 12.47 Km

Diversions 6.00 Km

Terraces 342.20 Km

Terraces maintenance 7.00 Km

Waterways (total = 112) 46.50 Km

Village roads 45.00 Km

Village road maintenance 10.00 Km

VDP roads 35.00 Km
A. Total MacHine Hours, 1973-78

Village Field VR VDP
Type _Hours  W/way Terraces Diversions Roads Roads Maint Roads
Scraper 2.982 830 1,100 80 902 10 20 40
Grader No. 1 3,351 1,200 1,380 100 520 51 20 80
Grader No. 2 3,372 1,220 1,380 80 520 72 20 80
Cat D-4 2,966 Q00 1,846 100 100 0 0 20
Cat D-4 2,898 900 1,844 50 84 0 0 20
Grader No. 3* 600 0 600 0 0 0 0 0
Grader No. 4* 602.5 0 602. 0 0 0 0 0
B. Estimated Rates
- Total R/Unit Mach Hrs,"Init

W/Hay Cost _Hours  Rate _Rands R/Ha 0f Qutput Of Output
Scraper 830 30 24,900 669.35
Graders 2,420 28 67,760 1,821.51 3,942.49/Ha
Cats 1,800 30 54,000 1,451.61 3,154.84/Km 108.6/Km
Terrace Cost
Scraper 1,100 30 33,000 101.79
Graders 3,962.5 28 110,950 342.23 785.48 /Km 27.0/Km
Cats 3,690 30 110,700 341.46
Diversion Cost
Scraper 80 30 2,400 400.00
Graders 180 28 5,040 840.00 1,990.00/Km 68.3/Km
Cats 150 30 4,500 750.00

*Rented graders.

(Continued on next page)
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B. Estimated Rates (Continued)

Type Hours
Village Road Cost
Scraper 902
Graders 1,040
Cats 184
Field Road Cost
Scraper 10
Graders 123
VOP Road Cost

Scraper 40
Graders 160
Cats 40
Village Road Maintenance
Scraper 20
Grader a0

Rate

30
28
30

30
28

30
28
30

30
28
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Total R/Unit Mach Hrs/lUnit

Rands R/Ha 0f Output 0f Output
27,060 601.33
29,120 647.11  1,371.11/Km 47.2/Km
5,520 122.67
300 11.39
3,444 130.70 142.09/Km
1,200 34.29
4,480 128.00 196.58/Km
1,200 34.29
600 60
1,120 112 172.00/Km

N



Page B-8

TABLE B-1b
COST 1978 ONLY (Calendar Year)
Constructed

Waterways 10.10 Km

Terraces 164.20 Km

Diversions 2.57 Km

Village roads 11.70 Km

Field roads 15.75 Km

Village road maintenance 5.00 Km
A. Total Machine Hours, 1978

Total Village Field VR
Type Hours  W/Way Terraces Diversion _Road Road Maint
Scraper 651 155 176 10 300 0 10
Grader No. 1 736 200 381 25 100 20 10
Grader No. 2 571 100 316 25 100 20 10
Grader No. 3* 600 0 600 0 0 0 0
Grader No. 4% 602.5 0 602.5 0 0 0 0
Cat No. 1 293 50 218 15 10 0 0
cat No. 2 790 150 580 40 20 0 0
B. Estimated Rates
Total R/Unit Mach Hrs/Unit

Type _ _Hours Rate Rands R/Km 0f Output 0f Output
W/Way Cost
Scraper 155 30 4,650 574.78
Graders 300 28 8,400 1,038.32 1,886.14/Km 64.9/Km
Cats 200 30 6,000 741.66
Terrace Cost
Scraper 176 30 5,280 32.16
Graders 1,899.5 28 53,186 323.51 501.87/Km 17.5/Km
Cats 798 30 23,940 145.80
Diversion Cost
Scraper 10 30 300 116.73
Graders 50 28 1,400 544,75 1,303.50/Km 44,7 /Km
Cats 55 30 1,650 642.02
Village Road Cost
Scraper 300 30 9,000 769.23
Graders 200 28 5,600 478.63 1,324.78/Km 45.3/Km
Cats 30 30 900 76.92
Field Road Cost
Graders 40 28 1,120 71.11 71.11/Km
Village Road Maintenance Cost
Scraper 10 30 300 60
Graders 20 28 560 112 172.00/Km
*Rented graders.
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TABLE B-1c
ANALYSIS OF MACHINE COST BY VOLUME
Materway
Estimated Vol/Km = % (8x.3x1,000)
= 1,200 M
\.\\+L‘ e
= 1.2 M/1m
1973-1978 3
R 3,942.47/Ha = R 2.63 per M
1978 only 3
R1,886/km = R 1.57 M
Terrace 3
Estimated Vol/Km = % (1)(4)(1,000) = 2,000 M
=2 W/ m
1973-1978 3
R 785.48/Km = R 0.39 per M
1978 only ) 3
R 501.87/Km = R 0.25 per M
Diversion 3
Estimated Vol/Km = % (1.5)(6)(1,000) = 4,500 M
= 4.5 M3/1m
1973-1978 3
R 1,990/Km = R 0.44 per M
1978 only 3
R 1,303.50/Km = R 0.29 per M
Village Road 3
Estimated Vol/Kkm = 1,080 M~ combined excavation and gravel
1973-78 3
R1,371.11/Km = R 1.27 per M
1978 only 3
R 1,324.78/Km = R 1.22 per M
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TABLE B-2
1, Project/Activity No,690-11=120~031
2. Agrecment No. 73-1-8

Thaba Bosiu Rural Development Project,

Private Bag,Xzseru.

To: A.I.D. Operations Officer
¢/o American Embassy, Maseru, Lesotho

From: Project Manager Request No. 17
Date of Request SOtD September, 1978

Subj: Requegt for Reimbursement

Pursuant to the provisions of the above-mentioned Project Agreement,
the Thaba Bosiu Rural Development Authority requests reimbursement

in the amount of R 5,589-71 as itemized and certified on the
attached statement, bearing the same number and date as this request.
The commodities and services for which payment is requested have been
received and applied for the purposes specified in the Project
Agreement, They are appropriate for such purposes, and the costs and
terms of purchases thercof are reasonable and consistent with the
provisions of the above-specified Project Agreement and any revisions
issued to date pursuant to said Project Agreement.

The Thaba Bosiu Rural Development Authority hereby warrants that it
has not heretofore applied for or received reicbursement for the costs
of any of the items for vhich reimbursenent is requested in this
application, and will not obtain such reimbursement out of the proceeds
of any other lpoen, credit, or grant available to the Government of
Lesotho,.

AftersID enters the dollar equivalent in Section C of the attachnent,
please return an acknowlecdged copy of this reguest to the Project
Manager, Thaba Bosiu Rural Development suthority., Plcase make the

check payble to _Thaba Bosiu Rural Development Project A/C No. 09010
end mail it to the following address: _Private Bag, Maseru

2

(signature)

CP.L' MoctiocHo Ko
(Name Typed)

A\
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THABA BOSIU RURAL DEVELOPMENT PROJECT EXPENDITURE REPORT

(for local costs eligible for reimbursement under the AID Grant)
LEOSTHO Proiect No. 590-11-120-031
Statement No. 17 dated 9-30-78

A. ELIGIBLE COSTS

(1ocal costs applied to project)

BUDGET COMULLTIVE THIS CUMULATIVE

ITEMNS AMOUNT THRU ,PREV.PERIOD | PERIOD FHRU.THIS PLRIOI]

BUDGIET 3-31-78 Co0ST.S 19-30-78
STAFF & OPERATION
Sulories & Wagcs 151, 445 229, 428-20 2,855—73 231,513-93
Miscel. Supplics 11,000 3,456-97 - 3,456-97
Overhead Costs 28,000 35,022-91 1,402—15 36,432-06
VEHICLES & ‘
BQUIPHAIT
Running Costs
Parts 60,640 73.516-21 608 73,522-29
Gas & 0il 29,000 30,452-53 - 30,452-53
Maintenance - - - -
BUILDTUGS
Materials - - - -
Contract Ser-
vices 245,085 176,078-57 1,233-47 | 177,312-04
Maintenence 2,500 1,031-41 - 1,031-41
Furniture 7,500 4,153-25 - 4,153--25
SOIL CONSER=-
VATION
Roads & Conserv. 256,568 204,504-68 725-78 | 205, 230-46
Costs .
Trees. _ 2,000 - / - -
Fortilizer 3,500 3,671-87 - 3,671-87
Maintenance
Operation 5,500 788-17 129-50 917-67
Machinery ]
Totals as of 802,738 762,104-77 5,589-71 | 767,694-48
this Date

F__ -]

Less: Previous amounts requostzd from A.I.De ceceevceseasecese R762,104-77

muntnow due ."..l...'..'.l......'.l...........l’..........R 5‘589—71

(Continued on next page)
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TABLE B-2b (Continued)

B.

CERTIFTCAT OF PERNORMAIICE AND SLIGIBILITY
The undersigned cortify that:

This statement fairly sets forth, as of the date indicated, the
loval costs of cormodities and services paid for by the Government
of Teac ho inenrporated into the project or includaed in project
inventorics under the control of the Thabe Bosiu Rural Development
Authority, ihzt the sorvices have been satisfactorily rendered,

and that tho comroditics are aprropriate and required for the
Project; that the cbove costs meet 21l the requirements in the AID
agrecment tc cuziily =8 local costs eligible for reimbursement;
that prior el rolrccaczt hes neither been aopplied for nor received
from AID nor iron pro-22ds of any other loan, credit, or grant
availeble to he pJVb:“LO.t of Lesntho: that documentation to
support the costs claimed hercin for reimbursement ig on file

ot Thaba—B051u Rual Development Project end
will be mada availeble %o 4.1.D. upon request by an cuthorized
roprosen tative of 4,7.D.; ond that the amount due es indicated
ghove is properly payble;

FOR_THit THARA BOSTU JURAT, DOVLLOPMONT AUTHORITY
SIAATUEE < Azcacbaed oA

NAME TYPsD G.L. Mochochoko
TITLE PQOJ.JCT \ ‘LI! (..\J.J

-ma-m (3 'ITIT '€ "\T(V O \ LYYGD
S1..£;.IQ;*‘\415%Z/£/L4/L¢¢{ti;é%;———

NAME TYPED A.M. Mane a

TITLE erooneat Secretary

s

FOR THE HAiBA FOTU FUDLL DRVOLOPMENT FROJLCT

STGNATURTD 7% //7 Lo A _—

NAME TYPED __ p.M. 'Mabathosna .
TITLE Chadirme.
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APPENDIX C: EQUIPMENT COST ANALYSIS

INTRODUCTION

Because capital cost is both an important part of this analysis and
a subiect involving considerable data, a brief comment on the organiza-
tion which follows is in order.

Part A of this Appendix discusses equipment cost in the form of
engineering cost data provided by proiect participant William Niese, Jr.,
Regional Engineer Advisor to the Agency for International Development.
This base data prepared by Niese and included as Tables C-1 to C-5 at
the end of this section is as follows: Y

Table C-1: Equipment Charge Rates

Tables C-2a to C-2f depict detailed cost analyses by input components
as follows:

Table C-2a: Waterways

Table C-2b: Terraces & Diversions

Table C-2c: Village Road-No Compaction

Table C-2d: Village Road-With Compaction

Table C-2e: Village Road-With Gravel, No Compaction
Table C-2f: Village Road-With Gravel and Compaction

Table C-3: Section Layouts for Conservation Works
Table C-4: Niese Replacement Cost Commentary
Tabie C-5: Labor and Equipment Operator Rates

Table C-6: Plant Pool Charge Basis

l-/Additiona] data prepared hy Niese are not produced here but are avail-
able from the author on a modified costing rate basis. These data,
which reflect some ¢9% of the equipment rate charge shown in Tables
C-2a to C-2f as depicting long-term lease costs, are not included here
primarily because {a) the hourly rate is applicable essentially on a
full-use (1,500+ hour) annual basis only and (b) replacement costs are
not included (see commentary below).
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Part B is an evaluation of real capital equipment costs under Lesotho
conditions, inclusive of low annual utilization rates experienced, equip-
ment replacement and existing operating efficiency conditions. The final
section (Part C) of this Appendix summarizes key observations regarding

capital equipment charges.

A. EQUIPMENT COST AND EFFICIENCY

Table C-1 details equipment hourly rental charge estimates exclusive
of operator time charges. The hourly charge rates for related equipment

are as follows:

Cat D-6 R 34.20
Scraper (150 hp) R 30.99
Grader (125 hp) R 27.78

The cost analyses preserited in Tables C-2a to C-Zf-l/ enumerate total
estimated costs at five different "technical effiency levels" for
equipment ranging from 30 to 100 percent. The standard rates in such
analyses also used here is that of Caterpillar Tractor, Inc. Aside

from providing a useful costing framework which the Conservation Divi-
sion advantageously might use--material, labor, equipment and site as

well as organizational overhead costs, are separately estimated. These
cost estimates provided by William Niese, Jr. are based on hourly rates
and then on cost per unit of output measured as a M3 of earthwork involved

in the production of each conservation output.

l-/AH data were provided by William Niese, P.E., Regional Engineer
Advisor, REDSO/EA.
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It was thus possible for Niese to estimate construction costs for
capital intensive methods by multiplying total cost per M3 of earthwork
(as shown on the final page of Tables C-2a to C-2f) by the earthwork
quantities required for each product. The following is a summary of
equipment only costs and also of total cost taken from Tables C-2a to

C-2f prepared hy Niese and attached to this Appendix:

Total Co§t Equip Cos§
R per M in R per M

Efficiency Factor = 40% 80% 40% 80%
Qutput of:

Diversions 0.752 0.376 0.384 0.192

Terraces 0.752 0.376 0.384 0.192

Waterways 0.186 0.099 0.102 0.051

Village Road* 0.741 0.368 0.384 0.192

*Unimproved, no compaction.

Using the above data in coniunction with earthwork quantities required
for each Km of output, Niese derived estimates of total cost at alternate

effiency levels as follows:
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Cost Comparison Chart in Rand per Km at Various Efficiency Levels

T T - Based on Hourly
Equip Charge of Table C-1_
% Efficiency
Description Quantity per Km 20 40 _60__ _80
ROAD (VILLAGE)
(No <ross drainage
or compaction)

Earthwork 750 Mg 1,112 556 369 276
Gravel 330 0 2480 1,240 _ 827 __ 620
TOTAL R 3507 T.796 T.196 896

ROAD (IMPROVED GRAVEL)
(Witu drainage

& compaction) 3
Earthwork 1,872 M3 2,566 1,283 858 643
Gravel 1,080 M 6,368 3,184 2,132 1,593
Culverts 4ea 7,504 3,752 3,382 3,197
TOTAL R 16,438 8,219 6,372 5,43
WATERWAY 3
Earthwork 1.200 M R 448 224 151 119
TERRACE 3
Earthwork 2,000 M k3,008 1.504 1,006 752
DIVERSIONS 3
Earthwork 4,500 M R 6,768 3,384 2,264 1,692

Source: William Niese, Jr., P.E.. Regional Engineer Advisor, REDSQO/EA.

A column at 20 percent technical operator efficiency levels has been
added to the criginal work of Miese, in reflection of less than "excel-

lent" or 100 percent operator efficiency factors likely prevailing in

1/

Lesotho. —

l/Based upon .75, the standard correction factor used to adiust from
excellent to average operator. See International Bank for Recon-
struction and Development, World Bank Study of the Substitution of
Labor and Equipment in CiviT Construction. SuppTement to Technical
Memorandum No. 7, August 1975, p. 5; and International Bank for Recon-
struction and Development, World Bank Study of the Substitution of

Labor and Equipment in Civil Construction, Technical Memorandum No. 7,

%
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It is extremely difficult to determine the appropriate level of
"technical efficiency" to use in cost analysis of capital equipment
since a great many factors are involved. For example, a differential
haul distance of five to 50 meters alone alters Cat D-6 dozer produc-

3 to 150 M3 per hour. L/ Some of the more

tivities from some 1,200 M
obvious variitles lowering Capterpillar ideal (100%) technical
efficiency norms in addition to the abuve noted operator skill factors
and haul distance are soil conditions, work site, job layout, daily ver-
sus incentive pay, customs and traditions, quality of supevision,
climate and weather, terrain and grade. Also, time factors such as start
up-shut down, hourly rest and idling, breakdown frequency, travel to
site, maintenance needs, and part availability and repair delays.
Detailed and well documented studies of some of these many variables
recently have been exhaustively analyzed by the World Bank and others. 2/
World Bank studies generally have found the percent efficiency or produc-

tivity to be somewhat Tower th=2n given in the Caterpillar Handbook (over-

all of 32%). Suggested correction factors are: 3/

l/Wiﬂiam Niese, Jr., P.E., Regional Engineer Advisor, REDSO/EA.

g-/Internationa] Bank for Reconstruction and Development, World Bank
Study of the Substitution of Labor and Equipment in Civil Construction,
Technical Memorandum No. 7, May 1975; International Bank for Reconstruc-
tion and Development, World Bank Study of the Substitution of Labor
and Equipment in Civil Construction, Supplement to Technical Memorandum
No. 7, August 1975; and P.A. Green and P.D. Brown in Indian Roads
Congress Papers of 37th Annual Session, December 1976, pp. 35-74.

§/Internationa] Bank for Reconstruction and Development, World Bank
Study of the Substitution of Labor and Equipment in Civil Construction,
Supplement to Technical Memorandum No. 7, August 1975, p. 5; and P.A.
Green and P.D. Brown in Indian Roads Congress Papers of 37th Annual
Session, December 1976, pp. 46 ff.
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average operator .75

soil .70
45 min. hr. .75
grade 10% .80
overall = .32%

The general recommendations reached in these World Bank analyses are
broadly based and reasonably uniform in concluding that, e.g.. dozer
and scraper productivity approximates "25 to 40 percent of published
Caterpillar Handbook (technical efficiency) productivity at 100 percent
time and operator efficiency." L These latter two variables typically
are subiect each to a 75 percent adiustment factor (reflective of
effectively a 45 minute work hour and average operator skill level);
thus the ioint correction factor of .563 (.75 x .75) exists. Com-
bined technical efficiency levels thus appear to approximate 20 percent
as they range downward from (40% x .563 =) 22.5 percent to, let us say,
as low as (25% x .563 =) 14.1 percent.

In conclusion, then, it seems that something on the order of a

20 percent efficiency factor perhaps might be expected in Lesotho.
B. EQUIPMENT USE AND REAL COST CHARGES

Practical rates of technical operating efficiency are only one
problem in determining the cost of capital intensive methods. Another

and equally critical matter is establishment of an appropriate real

l-/See International Bank for Reconstruction and Development, World Bank
Study of the Substitution of Labor and Equipment in Civil Construction,
Technical Memorandum No. 7, May 1975, p. 21.
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hourly (annual) cost or charge rate which characterizes realities exist-
ing in developing nations. One factor which must be reflected is capital
recovery or replacement costs (not included in the Niese data of Part A
above or Tables C-1 and C-2). Further, hourly rates hased upon more
hours than are achieveable can lead to understating capital cost of
operating time which is, in fact, considerably less.

The Conservation Division presently uses a 12 percent annual cost
escalation factor which would appear to be a minimum charge, especially
considering that it reflects insurance costs also. The impact and
meaning of a 12 percent capital recovery factor over an eight year 1ife
can be illustrated by cleser examination of, say, the Cat D-6 dozer at
current prices of R 90,600 FOB Lesotho. At these cost escalation rates,
the estimated replacement price in eight years approximates R 224,300,
and the required annual capital recovery charge is R 1&,200. 1/ This
generates an equivalent life charge of capital replacement over eight
years of R 145,600 (R 18,200 x 8). Capital recovery at this charge
rate annually earning 12 percent per year for eight years will allow
equipment replacement of some R 224,300. 2/

A more realistic but equivalent interpretation of capital recovery

charges is required under Lesotho conditions, however, since (a) equipment

l/Note that it is not appropriate to develop an annual charge of R 224,300
+ & = R 28,000, however (see below).

B
i/The capital recovery factor is equal to i + — = where i =
)

12 percent and N = 8 years.
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retains some salvage value iand (b) a much lower social interest return
than 12 percent (e.g., some 6%) is probable. Presuming the equipment
to be in good condition (becaus¢ of both the low hourly use rates
prevailing in Lesotho and 100 percent maintenance) generates 1ikely

full replacement cost inclusive of salvage value estimated as follows:

i. R 18,200 annual use charges for eight years = R 145,900.
ii. Interest earnings at six percent for eight years = R 34,600. Y

R 4°,800.

iii. Salvage value (approximately 45-50% cost)

REPLACEMENT COST OF CAT D-6 DOZER = R 224,300.

In short, then, to allow for replacement of capital equipment, depre-
ciation charges inclusive of escalated replacement costs must be charged
(on an annual and hourly basis). Further, the evidence available from
equipment operating hours both in the Conservation Division and the Thaba
Bosiu Proiect rather clearly suggests that relatively new equipment
operates 600-700 hours yearly, and that the most 1ikely heavy equipment
eight year 1ife operating use rate would be appruximately 650 or so
hours per year, or some 5,200 hours over an eight year life. 2/ This

represents what is about two-thirds of effective full hourly life

l/Based upon net capital recovery of 180,500 at i = 6 % annual interest
earnings over N = eight years or the annuity factor (1 + i}N'1, plus
i
R 44,700 salvage value.

g-/See appendices A and B.
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1/

(7,500 to 8,000 hours) for capital equipment in develeping nations; —
a fact that corroborates the relatively high salvage values used in the
example above. 2/ Lower hourly operating vates do not correspondingly
lower maintenance costs or increase expected lite, however. As observed
elsewhere, "...deterioration and corrosion due to inclement weather may
reduce lifetime factors more than normal wear and tcar in use...and
increase operating costs." 3/

The 2quipment cost basis used in comparing labor intensive to
capital intensive construction in this analysis is that provided in
Table C-1 4/ adiusted as described above for depreciated replacement
cost or capital recovery less salvage values. Because dozers, scrapers
and graders largely are relevant to the waterways, terraces, diversions

and village road outputs evaluated herein, the below summary of cost of

capital is presented only for these four units of equipment.

l/See William Niese data, Appendix Table C-1. Also, a recent study of
Lesotho construction observed an average plant pool life of 7,200
hours (Louis Berger, International, Techno-Economic Feasibility Study
of the Lesotho Southern Perimeter Road, Vol. III, March 1978, p. D-4.

g/Nonns of 45-50% of initial costs were obtained from Jack A. Hasten,
Manager of Sales Development, Caterpillar Tractor, Inc., General Qifice,
(Peoria, I1.) for developing nation auction resales by Forke Bros.,
Nebraska.

E/International Labor Organization, Men or Machines, Geneva., 1978, p. 87.

i/Provided by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(:;/\'
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A. Price FOB Lesotho

B. Required Replacement
Costs

less interest earn
salvage value

C. 8 YEAR DEPREC COST
i. Total
ii. Annual (8 Yrs)
iii. Hrly (650/Yr)

Cat D-6
Dozer

(W/Ripper)

Scraper
Cat 613

R 90,600

R 224,300

R 34,600
R 43,800

R 145,900
R 18,200
R28.06/Hr

R 82,000

R 203,000

R 31,300
R 39,600

R 132,100
R 16,500
R25.40/Hr

Page C-10

Motorgrader Cat D-4
Cat 1206 Dozer
———— (W/Ripper)
R 72,800 R 47,200
R 180.3 R 116,900
R 27,800 R 18,100
R 35,300 R 22,800
R 117,200 R 76,000
R 4,650 R 9,500
R22.54/Hr  R14.62/Hr

Maintenance charg:s in the data above are based upon those shown

also in Table C-1 (over equipment 1ife equal to 90 percent plus five

percent), or essentially 100 percent of initial cost. i/ This is a

rather standard costing procedure as is the treatment of petrol-oil-

fuel or POL charges.

As can be seen from the summary data below, opera-

tor labor rates are not included nor are overhead charges included (nor

are separate tax, insurance and tire charges individually identified

Essentially, those charges denoted in "Part A" of the data helow

represent ownership possession expenses based upon two operating time

factors.

l/Niese uses effectively 97.5 percent.

g-/Overheads are included by Niese in his estimates of equivalent rental
charge rates while other costs are no% separately identified.

). &
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Hourly
Replace Repairsé& Charge
Deprec  + Maint(a) + POL(b) = Rate(c)

A. Operating Life of
8 Yrs at 650 Hr/Yr

Cat D-6 28.06 17.42 4.20 R 49.68

Scraper 25.40 15.77 3.99 R 45.16

Grader 22.54 14.00 3.78 R 40.32

Cat D-4 14.62 9.07 3.45 R 27.14
B. Operating Life of 8
Yrs at 1,000 Hrs/Yr

Cat D-6 18.20 11.27 4.20 R 33.67

Scraper 16.50 10.20 3.99 R 30.69

Grader 14.65 9.05 3.78 R 27.48

Cat D-4 9.50 5.90 3.45 R 18.85

(a) Estimated at 100% of price FOB Lesotho over 8 years with no cost
escalation.

(b) See Table C-1.

(c) Niese rates are R 34.20, R 30.99 and R 27.78 respectively.

Source: Calculation and Table C-1 of this Appendix.

The hourly costs data presented are based upon both an operating time
experienced (650 hour/year) and a higher target hourly rate dependent
upon full life charge-outs for equipment possession\and utilization of
1,000 hours annually. These latter hypothetical charge rates do cor-
respond rather closely with the estimated rental rates derived in
Table C-1 and also with present Ministry of Works plant pool charges.
However, Ministry of Works charge rates must be adjusted upwards to
reflect 1979-1980 cost-price factors which are likely to be recognized
in the next year. It also must be recognized that to realize the
lower hourly charge raies shown in "Part B" of the above data as owner

and possessor demands operating levels of no less than 1,000 hours
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annually. Charge rates at these lower levels cannot be realized if
operating time is based upon Jow use: instead charges then must revert
to those shown in Part A which reflect a "time of possession" hourly

1/

rate basis in which deadline time can be below the industry norm. —

C. SUMMARY OF COSTS OF CAPITAL EQUIPMENT

There are two very significant factors influencing a pragmatic esti-
mate of probable equipment costs not developed in the Appendix data
following. These are 1ikely technical efficiency or productivity factors
and probable hourly charge rates for operating time on various types of
capital equipmnent.

First, one might conciude at the high probahle level that, when
in actual operation under average conditions, technical efficiency rates
on the order of 30 to 40 percent of theoretical efficiency norms are

attainable as demonstrated in developed nation conditions and generally

2/

alleged by engineer handbooks such as Caterpillar. = At the lower

probable efficiency level somewhat more representative of developing

l/See the comments of William Niese (Table C-4) and alsv Ministry of
Works plant pool regulations concerning long-term hire rates which
are 64% of short-term minimum time charges (Table C-6 of this
Appendix) .

g/See International Bank for Reconstruction and Development, World Bank
Study of the Substitution of Labor and Equipment in Civil Construction,

Technical Memorandum No. 7, May 1975, pp. 5-26; and International Bank

for Reconstruction and Development, World Bank Study of the Substitution

of Labor and Fquipment in Civil Construction, Supplement to Technical

Memorandum No 7, Auaust 1975, pp. 11 ff.

G?;
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nation conditions, the World Bank recommended rates of 20 to 25 percent,
which may be more reasonable in Lesotho's case.

Recognition of (a) the periodic need to replace owned and possessed
equipment and (b) the historical annual operating hours attained for
capital usage in conservation works in Lesotho tend to confirm that the
appropriate owner cost hourly charge rates are the higher of those shown
above in Part A, namely:

Cat D-6, R 49.68/Hr Grader, R 40.32/Hr

Scraper, R 45.16/Hr Cat D-4, R 27.14/Hr
These rates provide for capital recovery and they reflect Tow opeiating
use time; thus they are greater than the estimated rental rates of
Table C-1. These latter are close to the Ministry of Works plant pool
charges (that presume higher annual operating hours of use than is
obtained by the Conservation Division). y Assuming operating hours in
the Conservation Division could more nearly approximate the long-term
cost minimum of 1,000 hours yearly, capital equipment utilization would
schieve very significant economies in works construction.

Equipment costs estimated by Niese, adjusted for low use and thus
higher hourly rates noted above, are increased as follows: for (a) terraces,
diversions and unimproved village roads from R 0.154/M3 to R 0.220/M3 at
100 percent theoretical efficiency; and (b) for waterways from R 0.041/M3
to R 0.060/M3. Other costs, excluding headquarters or organizational
overhead shown in Tables C-2a to C-2f, are derived as labor and site

overheads and are shown below for various efficiency levels:

le]ant pool rates inclusive of fuel are about 70 to 75 percent of the
above recommended charge rates.
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_Cost Components

3 Mat'1s&
Adiusted Costs Per M° Earthwork Equip  Labor  Site OH  Total(a)

Waterways
100% effic, R per M3 060 .003 .020 .083
25% effic. R per Mg .240 .012 .080 .332
20% effic, R per M .300 .015 .100 415

Terraces & Diversions

100% effic, R per M3 220 .025 075 321

25% effic, R per M3 880 .104 1300 1.284

20% effic, R per M 1,100 .130 375 1,605
Village Roads (unimproved)

100% effic, R per M3 220 .024 073 317

25% effic, k per M) 880 096 1202 1.268

20% effic, R per M 1,100 .120 1365 1.585

(a) Excludes 20% organizational overhead shown in Niese estimates.

If the Conservation Division did use and cost capital at the 1,000
hour per year level total costs for waterways would decline to some 77
percent of the levels shown above (e.g., to R 0.32 per M3 at the 20
percent efficiency level). Similarly, costs would decline to 80 percent
of the levels shown for terrace, diversions and village roads. This
effect is relatively comparable to an increase in operating efficiency
from 20 to 25 percent.

The technique of equipment utilization, particularly the use of
two Cat D-6 dozers in tandem for waterway construction, has a very
significant impact on costs. Provided that conservation engineer

field experience confirmed these estimates as approximately correct,
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the Conservation Division could effect very sizeable econcmies by

using the equipment in that fashion. This is true even at the Towest

efficiency levels.

@



TABLE C-1
Equipment Charge Rates
(Based on Price in Rand 1-16-1979)

Hourly —
Recom Operating
Hourly Rate Min Fuel Cost
1/ Purchase Price 0% 5% Owner Over Rent Rental Cons Cost @ Lub as Tost ({Less
Description ~ FOB-Leostho(R) Depr. Maint Cont = Expense + Head + Cont = Total Rate  inl R 0.20 5% Fuel POL_ Operator)
Dozer W/Ripper-
Cat D-6 (140 HP) 90,600.00 11.33 10.1° 1.08 22.59 4,52 2.71 29.82 30.00 20 4.00 0.20 4.20 34.20
Elevating Wheeled Scraper
Cat-613 (150 HP) 82,000.00 10.25 9.23 0.97 20.45 4,09 2.45 26.99 27.00 19 3.80 0.19 3.99 30.99
Motorgrader-Cat 120G
(125 HP) 72,800.00 9.0 8.19 0.86 18.15 3.63 2.18 23.96 24.00 18 3.60 0.18 3.78 27.78
Wheel Loader-Cat 920
(80 HP) 48,000.00 6.00 5.40 0.57 11.97 2.39 1.44 15.80 16.00 12 2.40 0.12 2.52 18.52
Compactor-Cat 815
(170 HP) 103,500.00 12.94 11.64 1.23 25.81 5.16 3.10 34.07 34.50 34 6.80 0.34 7.14 41 .64
Compactor-3 wheeled estimated at 10.00
6-8 Ton 3.00 0.15 3.15 13.15
Disc. (Rome Trc312-36) 22,608.00 2.26 2.03 0.2 4.51 0.90 0.54 5.95 6.00 - - - - 6.00
Dump Truck (5 M7) 18,000.00 3.75 3.38 0.36 7.48 1.50 0.90 9.87 10.00 15 3.00 0.15 3.15 13.15
Kater Truck (5,000L) 18,000.00 3.75 3.38 0.36 7.48 1.50 0.90 .87 10.00 15 3.00 0.15 3.15 13.15
Pickup Truck Mech
Equipped 24,000.00 5.00 4.50 0.48 g.a8 2.00 1.20 13.17 13.50 Varies - - - 14.00
Concrete Mixer (16S) 12,000.00 2.00 1.80 0.19 3.99 0.80 0.48 5.27 5.50 6 1.20 0.06 1.26 6.75
Water Pump 4"Q
Discharge 5,500.00 1.83 1.65 0.17 3.66 0.73 0.44 4.83 5.00 1.5 0.30 0.02 0.32 5.32
Water Pump 2"Q
Discharge 3,500.00 1.17 1.05 0.1 2.33 0.47 0.28 3.07 2.50 1.0 0.20 0.01 0.21 3.7
Generator, Electric
Power (3 Kw) 5,000.00 1.67 1.50 0.16 3.33 0.67 0.40 4.39 4.50 1.75 0.35 0.02 0.37 4.87
Vibrators, Concrete
Elec-totor in Head 1,100.00 0.55 0.55 0.06 1.16 0.23 0.14 1.52 2.00 - - - - 2.00

l/Items 1 through 6 basic costs; others estimated.

Source: William MNiese, Jr.. Reaional Engineer Advisor, RENSO/EA.

91-) abed
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TABLE C-2a

r—
.

Proiect: Waterway

II. Work Description: Earthwork

ITI. Cost Element: Equipment

A.

Standard 8,000 Hr Life

- No. Rate, No Replacement
Description Reqd R/Hour Extension
Dozer D-6 2 34.20 68.40
Motorgrader, Cat 120G 1 27.78 27.78
Pickup Truck (Foreman) 1 1.7¢ 1.79
Total Cost Per Hour | R 97.97

3

Unit Price Efficiency: Estimated 100§ efficiency = 1,200 M
per dozer hour, or 2 dozers = 2,400 M".

Effigiency of: 30 % 40 % 60 % 80 % 100 %
in M”/hour: 720 960 1,440 1,920 2,400
Cost §n R

Per M7, No

Replacement: R 0.137 PR 0.102 R 0.068 R 0.051 R 0.041

l/Obtained by diviging total cost per hour by various efficiency rates of
earth moved in M™ pev hour.

Source:

Prepared by Wiiliam Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)

W
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TABLE C-2a (Continued)

I. Proiect: Vaterway
I1. Work Description: Earthwork

III. Cost Element: Labor
Standard 8,000 Hr Life

No. Rate, No Replacement
A. Description Read R/Hour Extension
Foreman 1 1.35 1.35
Equipment Operators 3 1.00 3.00
Light Truck Driver 1 0.47 0.47
Laborers 6 0.38 2.28
Total Cost Per Hour : R_7.10

B. Unit Price Efficiency: Estimated 100§ efficiency = 1,200 M
per dozer hour, or 2 dozers = 2,400 M.

C. Effigiency of: 30 % 40 % 60 % 80 % 100 %
in M /hour: 720 a60 1,440 1,920 2,400

w. Y cost in R
Per M, No
Replacement: P 7.010 R 0,007 R 0.005 R 0,004 R 0.003

l-/Obta':ned by diviging total cost per hour by various efficiency rates of
earth moved in M~ per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)
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TABLE C-2a (Continued)

I. Proiect: MWaterway

II1. Work Description: Earthwork

II1I. Cost Element: Site Job Overhead

.

Standard 8,000 Hr Life

No. Rate, No Replacement
Description _ Reqd R/Hour Extension
Job Superintendent 1 2.00 2.00
Engineer 1 1.70 1.70
Surveyor 1 1.04 1.04
Rodman 4 0.46 1.84
Mechanic 1 1.35 1.35
Mechanic helper 1 0.85 0.85
Timekeeper 1 0.65 0.63
Watchman 1 0.44 0.44
Light Truck Driver 1 0.47 0.47
Laborers 6 0.38 2.28
Equipment:
Mechanic Truck 1 14.00 14.00
Light Truck (Sup't) 2 1.79 3.58
Total Cost Per Hour R _30.18

Unit Price Efficiency: Estimated 100§ efficiency = 1,200 M3

per dozer heur, or 2 dozers = 2,400 M",

Effigiency of: 30 % 40 % 60 ¥ 80 % 100 %
in M /hour: 720 a60 1,440 1,920 2,400
Cest in R
Per M™, No

Replacement: R 0.042 R 0,031  R0.021 R 0.016 R 0.0

l/Obtained by diviging total cost per hour by various efficiency rates of

earth moved in M” per hour.

Source:

Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)
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TABLE C-2a (Continued)

I. Proiect: Waterway
II. Work Description: ctarthwork
III. COST SUMMARY: Stanmdard 8,000 Hr Life Rate ir R per M3

at Efficiency Factors of
Description 30 % 40 7 60 % _80 % 0

|S
|

a. Material 0.001 0.001 0.001 0.001 0.001
b. Equipment(a) 0.137 0.102 0.068 0.051 0.041
c. POL - - - - -

d. Labor 0.010 0.007 0.005 0.004 0.003
e. Site Job OH 0.042 0.031 0.021 0.019 0.012
f. Org OH(b) 0.038 0.028 0.019 0.015 0.011

g. SUBTOTAL 0.228 0.169 0.114 0.090 0.068
h. +10% Contngcy 0.023 0.017 0.011 0.009 0.007

i. TOTAL COST 3

IN RAND PER M° 0.251  0.18 0.125  0.099  0.075

(a) See Table C-1 for hourly cost data.

(b) Estimated 20% of above cost elements covering supplies, office train-
ing, transportation, personnei and other general nonallecable costs.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.
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T. Proiect: Terraces & Diversions
I1. Mork Description: Far hwork
IT7. Cost Flement  Cauiprent

Standard 8,000 Hr L ife

No. _Pate, MNo Replaces ~il

A. Descriptivn = Reqd R/Hour Extersior
Motorarader, Cat 120G 1 27.7¢ 27.78
Pickup (Foreman) 1 1.70 1.79
Total Tost Per llour R _?20.57

R. Unit Price Ffficiency: Fstimated 100% efficiency = 192.5 N3
per hour.

. Effigiency of: 307 40 7 60 % _80"% 2100 %
in M /hour: 57.75 77.00 115.50 154,00 102,50

v, 1/ Cost in P
Per i1, No
Peplacrment: P §.5'7 R0.384 RO0.256 002 RO0.15

] e . N
~/nht01ned hy ividing total cos! per lhiour ky various = 7icirncy vates of
earth moved 1n M" per hour.

Source:  Prepaced by William Niese. e POE Pegiona’ tnaineer Advisor,
RFDSD/ rh,

(Continued on next page)
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TABLE C-2b {Cnntinued)

I. Proiect: Terraces & Diversions
II1. Work Description: Earthwork

I1I. Cost Element: Labor
Standard 8,000 Hr Life

No. _Rate, No Replacement
A. Description  _ Reqd R/Hour Extension
Foreman 1 1.35 1.35
Equipment Operator 1 1.00 1.00
Light Truck Driver 1 0.47 0.47
Laborers 6 0.38 2.28
Total Cost Per Hour ‘ R_5.10

B. Unit Price Efficiency Estimated 100% efficiency = 102.5 I
per hour.

C. Effigiency of: 30 % 40% _60% __80% 100 %
in M3/hour:  B7.95  77.00 T15.50  154.60  19z.50

v. & cost in R
Per M7, No
Replacement: R 0.088 R 0.066 R 0.044 R 0.033 R 0.026

l/Obtained by diviging total cost per hour by various efficiency rates of
earth moved in M~ per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)
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TABLE C-2b (Continued)

I. Proiect: Terraces & Diversions
I1I. Work Description: Earthwork

III. Cost Element: Site Job Overhead
Standard 8,000 Hr Life

No. _Rate, No Replacement
A. Descriptien Reqd R/Hour Extension
Job Superintendent 1 2.00 2.00
Surveyor 1 1.04 1.04
Rodman 2 0.46 0.92
Mechanic Helper 1 0.85 0.85
Timekeeper 1 0.63 0.63
Light Truck Driver 1 0.47 0.47
Laborers 3 0.38 1.14
Equipment:
Light Truck 1 1.79 1.79
Total Cost Per Hour R__8.84
B. Unit Price Efficiency: Fstimated 100% efficiency = 192.5 M°
per hour.
C. Effigiency of: _30 % 40% 60% 80 % 100 %
in M“/hour: 57.75 7.00 115.50 154.00 192.50

Iv. LY/ Cost §n R
Per M7, No
Replacement: R C.153 R 0.115 R 0.077 R 0.057 R 0.046

l/Obtained by dividing total cost per hour by various efficiency rates of
earth moved in M~ per hour.

Source: Prepared by William Niese, Jr., P.E.. Regional Engineer Advisor,
REDSO/ZA.

(Continued on next page)
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TABLE C-2b (Continued)

I. Proiect: Terraces & Diversions
I1. MWork Description: Earthwork
I1I. COST SUMMARY: Standard 8,000 Hr Life Rate in R per M3

, at Efficiency Factors of
Description 0% 40%  60%  80%

a. Material 0.005 0.005 0.004 0.003 0.002
b. Equipment(a) 0.512 0.384 0.256 0.192 0.154
c. POL - - - - -

d. Labor 0.088 0.066 0.044 0.033 0.026
e. Site Job OH 0.153 0.115 0.077 0.057 0.046
f. Org OH(b) 0.152 0.114 0.076 0.05 0.046

g. SUBTOTAL 0.910  0.684  0.457 0.382 0
h. +10% Contngcy 0.091  0.068  0.046  0.034  0.027

. TOTAL COST 4
IN RAND PER M~ 1.001 0.752 0.503 0.376 0.361

(a) See Table C-1 for hourly cost data.

(b) Estimated 20% of above cost elements covering supplies, office train-
ing, transportation, personnel and other general nonallocable costs.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA. ‘
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TABLE C-2c

I. Proiect: Village Road
II1. Work Description: Earthwork-no compaction

I11. Cost Element: Equipment
Standard 8,000 Hr Life

No. _Rate, No Replacement
A. Description Reqd R/Hour Extension
Motorgrader, Cat 120G 1 27.78 27.78
Light Truck (Foreman) 1 1.79 1.79
Total Cost Per Hour R _29.57

B. Unit Price Efficiency: Estimated 100% efficiency = 192.5 M3
per hour.

C. Effigiency of: _30 % _40% __602% 80 % 100 %
in M”/hour: 57.75 7.00 115.50 154.00 192.50

. 1 cost gn R
Per M™, No
Replacement: R 0.512 R 0.384 R 0.256 RO0.192 R O0.154

l/Obtained by diviging total cost per hour by various efficiency rates of
earth moved in M™ per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)




TABLE C-2c (Continued)

I. Proiect: Village Road

IT. Work Description:

I1I. Cost Element: Labor

Description
Foreman

Equipment Operator
l.ight Truck Driver

Laborers

Total Cost Per Hour

Unit Price Efficiency:

per hour.

Effigiency of: 30 %
in M”/hour: 7.75
Cost §n R

Per M7, No

Replacement: R 0.079

Page C-26

Earthwork-no compaction

Standard 8,000 Hr Life

No. Rate, No Replacement
Reqd R/Hour Extension
1 1.35 1.35
1 1.00 1.00
] 0.67 0.67

4 0.38 1.52
R__4.54

Estimated 100% efficiency = 192.5 M3

0 % 60 % 804 100 %

77.00 115.50 154,00 192.50

R 0.053 R 0,039 RO0.029 R 0.024

l-/Obtained by diviging total cost per hour by various efficiency rates of

earth moved in M™ per hour.

Source:

Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,

REDSO/EA.

(Continued on next page)
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TABLE C-2¢ (Continued)

I. Proiect: Village Poad
IT. Work Description: Earthwork-no compaction
ITII. Cost Element: Site Job Overhead
Standard 8,000 Hr Life

No. Rate, No Replacement
A. Description Reqd R/Hour Extension
Superintendent 1 2.00 2.00
Timekeeper 1 0.63 0.63
Mechanic 1 1.35 1.35
Rodman 2 0.46 0.92
Light Truck Driver 1 0.47 0.47
Laborers 4 0.38 1.52
Equipment:
Light Truck (Sup't) 1 1.79 1.79
Total Cost Per Hour R _8.68
B. Unit Price Efficiency: Estimated 100% efficiency = 192.5 M3
per hour.
C. Effigiency of: 30 % _40 7% 60 % 80 % 100 %
in M”/hour: 57.75 7.00 115.50 154.00 192.50
v. Y cost 4n R
Per M7, No

Replacement: R 0.150 R 0.113 R0.075 R0.055 R 0,045

l/Obtained by diviging total cost per hour by various efficiency rates of
earth moved in M” per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)
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I. Proiect:

II. Work Description:

III. COST SUMMARY:

Description

a.

b.

Material
Equipment(a)
POL

Labor

Site Jdob DH
Org OH(b)

SUBTOTAL

+10% Contngcy

TOTAL COST
IN RAND PER M

3

Village Road

0%

0.006
0.512

Earthwork-no compaction

3

Standard 8,000 Hr Life Rate in R per M

at Efficiency Factors of

4%  60%  80% 1002
0.005  0.003  0.002  0.001
0.384  0.256  0.192  0.154
0.05¢  0.030  0.020  0.024
0.113  0.075  0.056  0.045
o.1mz  0.075  0.056  0.045
0.673  0.447  0.335  0.269
0.067  0.045 0,033  0.027
0.74 0.492  0.368  0.296

(a) See Table C-1 for hourly cost data.

(b) Estimated 20% of above cost elements covering supplies, office train-
ing, transportation, personnel and other general nonallocable costs.

Source:

Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,

REDSO/EA.
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TABLE C-2d
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I. Proiect:

II. Work Description:

III. Cost Element: Equipment

A.

Description

Motorgrader, Cat 120G
Dozer D-6

Compactor, 8-10 Ton
Water Trucks (5,000 L)
Light Vehicle (Foreman

Total Cost Per Hour

Unit Price Efficiency:
per hour.

Effigiency of: 30 %

Village Road-improved

Earthwork-compacted

Standard 8,000 Hr Life

in M” /hour: 200

Cost 4n R
Per M”, No
Replacement: R 0.516

No. Rate, No Replacement

Reqd R/Hour Extension

1 27.78 27.78

1 34.20 34.20

1 13.15 13.15

2 13.15 26.30

1 1.79 1.79

R 103,22

Estimated 1003 efficiency = 667 M°
0%  60% 80 % 100 %
267 00 533 667

P0.387 RO0.258 R0.194 R 0.155

l/Obtained by dividing total cost per hour by various efficiency rates of

earth moved in M” per hour.

Source:

Prepared by William Miese, Jr., P.E., Regicnal Engineer Advisor,

REDSO/EA.

(Continued on next page)
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TABLE C-2d (Continued)

I. Proiect: Village Road-improved
II. Work Description: Earthwork-compacted

IIT1. Cost Element: Labor
Standard 8,000 Hr Life

No. Rate, No Repiacement

A. Description Reqd R/Hour Extension
Grade Foreman 1 1.35 1.35
Equipment Operator 2 1.00 2.00
Rollerman 1 0.84 0.84
Truck Driver 2 0.67 1.34
Light Truck Driver 1 0.47 0.47
Laborers 6 0.38 2.28
Total Cost Per Hour R __8.28

B. Unit Price Efficiency: Estimated 100% efficiency = 667 M3
per hour.

C. Effigiency of: 30 % 40 % 60 % 80 % 100 %
in M /hour: 200 267 400 533 667

v. & cost gn R

Per M7, No

Replacement: R 0.041 R 0,031 R0.,021 R0.016 RO0.012

l/Obtained by diviging total cost per hour by various efficiency rates of
earth moved in M~ per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)
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TABLE C-2d (Continued)

I. Proiect: Village Road-improved
II. Work Description: Earthwork-compacted
III. Cost Element: Site Job Overhead
Standard 8,000 Hr Life

No. Rate, No Replacement

A. Description Reqd R/Hour Extension
Superintendent 1 2.00 2.00
Timekeeper 1 0.63 0.63
Mechanic 1 1.35 1.35
Mechanic Helper 1 0.85 0.85
Surveyor 1 1.04 1.04
Rodman 4 0.46 1.84
Light Truck Driver 1 0.47 0 47
Laborers 6 0.38 2.28
Equipment:

Mechic Truck 1 14.00 14.00
Light Truck 1 1.79 1.79

Total Cost Per Hour R _26.25

B. Unit Price Efficiency: Estimated 100% efficiency = 667 M3
per hour.

C. Effigiency of: 30 % 40 % 60 % .80 % 100 %
in M /hour: 200 267 400 33 667

. Y cost jn

Per M7, No

Replacement: R 6.13 R0.098 R 0.066 R 0.049 R 0.039

lebtained by diviging total cost per hour by various efficiency rates of
earth moved in M~ per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)
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TABLE C-2d (Continued)

I. Proiect: Village Road-improved
II. Work Description: Earthwork-compacted
III. COST SUMMARY: Standard 8,000 Hr Life Rate in R per M3

at Efficiency Factors of
40 7 60 % 80 % 100 %

Description = _30%
a. Material 0.003 0.003 ¢.002 0.001 0.0
b. Equipment(a) 0.516 0.387 0.258 0.194 0.155
c. POL - - - - -

d. Labor 0.041  0.031  0.021  0.016  0.012

e. Site Job OH 0.131 0.098 0.066 0.049 0.039

f. Org OH(b) 0.138  0.104  0.069  0.052  0.041
g. SUBTOTAL 0.829  0.623  0.416  0.312  0.248
h. +10% Contngcy 0.083  0.062  0.042  0.031  0.025

i. TOTAL COST

IN RAND PER M

0.912 0685 0458 0343  0.273

(a) See Tahle C-1 for hourly cost data.

(b) Ec¢timated 20% of above cost elements covering supplies, office train-
ing, transportation, personnel and other general nonallocable cnsts.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.
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TABLE C-2e

I. Proiect: Village Road
IT. Work Description: Gravel-no compaction

[II. Cost Element: Equipment
Standard 8,000 Hr Life

No. Rate, No Replacement
A. Description Reqd R/Hour Extension
Wheeled Loader, Cat 920 1 18.52 18.52
Motorgrader, Cat 120G 1 27.78 27.78
Dump Trucks 2 13.15 26,30
Light Truck (ioreman) 1 1.79 1.79
Total Cost Per Hour R _74.39

B. Unit Price Efficiency: Estimated 100% efficiency = 80 M3
per hour.
C. Effigiency of: 30 % _40 % _60 % 80 % 100 %
in M7 /hour: 24 32 48 64 80
IV. Y Cost in R
Per M7, No

Replacement: R 3,100 R 2.325 R 1,550 R 1.162 R 0.930

l/Obtained by diviging total cust per hour by various efficiency rates of
earth moved in M per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)
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TABLE C-2e (Continued)

I. Proiect: Village Road
ITI. Work Description: Gravel-no compaction

III. Cost Element: Labor
Standard 8,000 Hr Life

No. Rate, No Replacement

A. Description Reqd R/Hour Extension
Foreman 1 1.35 1.35
Equipment Operator 2 1.00 2.00
Truck Driver 2 0.67 1.34
Light Truck Driver 1 0.47 0.47
Laborers 6 0.38 2.28
Total Cost Per Hour R _7.44

B. Unit Price Efficiency: Estimated 100% efficiency = 80 M3
per hour.

C. Effisiency of: 30 % _40 % 60 % _80 % 100 %
in M”/hour: 24 32 48 64 80

v. Y cost gn R
Per M”, No
Replacement: R 0.310 R 0.233 R O0.155 R O0.11 R 0.093

l~/0bta1'ned by dividing total cost per hour by various efficiency rates of
earth moved in M™ per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)
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TABLE C-2e (Continued)

I. Proiject: Village Road
II. MWork Description: Gravel-no compaction

III. Cost Element: Site Job Overhecad
Standard 8,000 Hr Life

No. _Rate, No Replacement
A. Description Reqd R/Hour Extension
Superintendent 1 2.00 2.00
Timekeeper 1 0.63 0.63
Mechanic 1 1.35 1.35
Rodman 2 0.46 0.92
Light Truck Driver 1 0.47 0 47
Laborers 4 0.38 1.52
Equipment:
Light Truck (Sup't) 1 1.79 1.79
Total Cost Per Hour R 8.68

B. Unit Price Ffficiency: Estimated 100% efficiency = 80 M3

per hour.
C. Effigiency of: _30 4 40 % _60 % .80 % 100 %
in M”/hour: 24 32 8 64 80
IvV. 1/ Cost in R
Per M™, No
Replacement: R 0.362 R 0.271 R 0.181 RO0.136 R 0.109
17 ______

= 0Obtained by diviging total cost per hour by various efficiency rates of
earth moved in M” per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)
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TABLE C-2e (Continued)

I. Proiect: Village Road
IT. Work Description: Gravel-no compaction
ITI. COST SUMMARY: Standard 8,000 Hr Life Rate in R per M3

at Efficiency Factors of

Description 30% 407 607 T 8OZ T I00%
a. Material 0.026 0.019 0.012 0.009 0.006

b. Equipment(a) 3.100 2.325 1.550 1.162 0.930
c. POL - - - - -

d. Labor 0.310 0.233 0.155 0.116 0.093
e. Site Job OH 0.362 0.2 0.181 0.136 0.109
f. Org OH(b) 0.362  0.271  0.181  0.136  0.109

g. SUBTOTAL 4,558 3,418 2,278  1.708  1.366
h. +10% Contngcy 0.456 0,342  0.228 0,171  0.137

i. TOTAL COST
IN RAND PER M° 5.014 3,759 2,505  1.878  1.503

(a) See Tahle C-1 for hourly cost data.

(b) Estimated 20% of above cost elements covering supplies, office train-
ing, transportation, personnel and other general nonallocable costs.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.
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TABLE C-2f

I. Proiect: Village Road-improved
II. Work Description: Gravel-compacted

ITI. Cost Element: Equipment
Standard 8,000 Hr Life

No. Rate, No Replacement
A. Description Reqd R/Hour Extension
Wheeled Loader, Cat 920 1 18.52 18.52
Motorgrader, Cat 120G 1 27.78 27.78
Compactor, 8-19 Ton 1 13.15 13.15
Dump Truck (5M7) 2 13.15 26.30
Water Truck (5,000 L) 2 13.15 26.30
Light Truck (Foreman 1 1.79 1.79
Total Cost Per Hour R 113.84

B. Unit Price Efficiency: Estimated 100% efficiency = 167 M

per hour.
C. Effigiency of: _30 % 40 % _60 % 80 % 100 %
in M”/hour: 50 67 00 134 167
IV. 1/ Cost 3n R
Per M°, No

Replacement: R 2.277 R 1.699 R 1.13 R 0.850 R 0.682

l/Obtained by diviging total cost per hour by various efficiency rates of
earth moved in M” per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)



Page C-38

TABLE C-2f (Continued)

I. Proiect: Village Road-improved
IT. Work Description: Gravel-compacted
IIT. Cost Element: Labor
Standard 8,000 Hr Life

No. Rate, No Replacement

A. Description Reqd R/Hour Extension
Foreman 1 1.35 1.35
Equipment Operator 2 1.00 2.00
Rollerman 1 0.84 0.84
Truck Drivers 4 0.67 2.68
Light Truck Driver 1 0.47 0.47
Laborers 6 0.38 2.28
Total Cost Per Hour R __9.62

B. Unit Price Efficiency: Estimated 100% efficiency = 167 M3
per hour.

C. Effigiency of: 30%  40%  60%  80% 100 %
in M /hour: 50 67 0 34 67

IvV. 1/ Cost §n R
Per M7, No
Replacement: R 0,192 R 0.144 R 0.09 R 0.072 R 0.058
1/

=~ 0Obtained hy diviging total cost per hour by various efficiency rates of
earth moved in M~ per hour.

Source: Prepared by William Niese, Jr.., P.E., Regional Engineer Advisor,
RENSO/EA.

{Continued on next page)
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TABLE C-2f (Continued)

I. Proiect: Village Roéd-improved
II. Work Description: Gravel-compacted
III. Cost Element: Site Job Overhead
Standard 8,000 Hr Life

No. Rate, No Replacement
A. Description Reqd R/Hour Extension
Superintendent 1 2.00 2.00
Timekeeper 1 0.63 0.63
Mechanic 1 1.35 1.35
Mechanic Helper 1 0.85 0.85
Surveyor 1 1.04 1.04
Rodman 2 0.46 0.92
Light Truck Driver 1 0.47 0.47
Laborers 6 0.38 2.28
Equipment:
Mechanic Truck 1 14.00 14.00
Light Truck 1 1.79 1.79
Total Cost Per Hour R _25.33
B. Unit Price Efficiency: Estimated 100% efficiency = 167 M3
per hour.
C. Effigiency of: 30 % 40 % 60 % 80 % 100 %
in M”/hour: 50 67 100 134 167
Iv. 1 Cost in R

Per M. No
Replacement: R 0.507 R 0.378 R 0.253 R 0.189 R 0.152

l-/Obtained by diviging total cost per hour by various efficiency rates of
earth moved in M~ per hour.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.

(Continued on next page)
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TABLE C-2f (Continued)

I. Proiect: Village Road-improved
II. Work Description: Gravel-compacted
I1I. COST SUMMARY: Standard 8,000 Hr Life Rate in R per M3

at Efficiency Factors of
Description 30z 104  60%  _80%

a. Material 0.014 0.012 0.008 0.006 0.004
b. Equipment(a) 2.277 1.699 1.138 0.850 0.682
c. POL - - - - -

d. Labor 0.192 0.144 0.096 0.072 0.058
e. Site Job OH 0.507 0.378 0.253 0.189 0.152

f. Org OH(h) 0.508  0.447  0.208 0223 0,179
g. SUBTOTAL 3.588 2.680 1.794 1.340 1.075

h. +10% Contngcy 0.359 0,268  0.179  0.134  0.108

i. TOTAL COST 4
IN RAND PER M™ 3.947 2.948 1.973 1.474 1.183

(a) See Table C-1 for hourly cost data.

(b) Estimated 20% of above cost elements covering supplies, office train-
ing, transportation, personnel and other general nonallocable costs.

Source: Prepared by William Niese, Jr., P.E., Regional Engineer Advisor,
REDSO/EA.
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TABLE C-3

SECTIONS SHOWN ARE AVERAGE BUT VARY WITH THE TERRAIN--NO SCALE
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TABLE C-4

UNITED STATES GOVERNMENT

Memorandum

TO ‘. Mr. Ronald Wykstra, A.I.D. Consultant DATE: January 24, 1979
FROM : William Niese, Jr., P.E.,“Regional Engineer Advisor,
REDSO/EA

SUBJECT: Equipment Cost Vs Use Analysis

EQUIPMENT COST ANALYSIS

Standard equipment costing practices do not afford funds to replace
units because they do not normally consider inflation factor. We
would like to show the cost of equipment when one considers inflation
factor but omits interest, insurance and taxes as governments never
usually pay these directly. This analysis will point out some of the
misconceptions and evil of not making maximum and early use of equip-
ment.

The cost nf a D-6 Cat - Bulldozer with ripper on 1 January 1976 was
90,600 Rand ($105,096) (Rate 1R=$1.16).

Dozer Purchase Price Date Rand

79 90,600

80 101,472

81 113,649

82 127,287

83 142,561

84 159,668 (5th Year)
85 178,828

86 200,288

87 224,323 (8th Year)

Based on 12% inflation factor.

In addition to costs, spare parts obsolescence becomes a problem after
8 years. This means that at the end of 8 years many parts will have to
be locally manufactured for old machines.

This presents two problems.

1. The state of the art of local parts fabrication in many LDC's is
not advarced suficiently to ensure really serviceable parts.

7. When the state of the art is advanced sufficiently to provide
,ﬁ& really serviceable parts the cost becomes prohibitive.


http:1R=$1.16
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TABLE C-4 (Continued)

Let us look at the real cost of this dozer based on:

A. Manufacturer recommendation in developed
countries - 10,000 hrs in 5 years.

B. Manufacturer recommendations in LDC's - 8,000
hrs in 5 years.

C. Use factor in LDC's of under 900 hr/yr - a
reasonable life factor of 8 years.

D. 700 hr/year - 8 years.

A. 10,000 hr - 5 yr (Moneys are in Rand)

Replacement cost of Dozer (5th year) 159,668

Maintenance Cost + 10,000 = $§15.97/hr
1. 90,000 # 5 x 90% = 16,308.00
2. 101,472 X = 18,264.96
3. 113,649 = 20,456.82
4. 127,287 = 22,911.66
5. 142,561 = 25,660.98
103,602.42

$ 10,000 = 10.36

26.33
+ 5% Cont 1.32
OWNERSHIP EXPENSE 27.65 R/Hr
B. 8,000 - 5 yr ( Moneys are in Rand)
Replacement Cost = 159,668
+ 8,000 = 19.96
Maintenance Cost 103,602.42
+ 8,000 12.95
32.91
Cont 5% 1.65
34.55 R/Hr

A 25% increase in effective cost. VV\


http:103,602.42
http:103,602.42
http:25,660.98
http:22,911.66
http:20,456.82
http:18,264.96
http:16,308.00

TABLE C-4 (Continued)
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C. 900 hr/yr for 8 years (7,200 hrs - 8 years)

Replacement cost of Dozer (8th year)

+ 7,200

Maintenance Cost

1st
2nd
3rd
4th

5th
6th
7th
8th

yr
yr
yr
yTr

yr
yr
yr
yr

90,600 + 8 x 903
101,472
113,649
127,287

142,561
159,668
178,828
200,288

= 224,32

31.16

= 10,192.
= 11,415,
= 12,785,
= 14,3109.

= 16,038.
= 17,962.
= 20,118.

= 22,532

3

50
60
51
79

11
65
15
.40

125,364.

+ 7,200

Cont 5%

Ownership Expense

71

= 17.41

48.57
2.43

51.00 R/hr

D. 700 hr/yr - 8 hr (5,600 hr - 8 yr)

Replacement Cost = 224,323

+ 5,600 = 40.06

Maintenance Cost 125,364.71

+ 5,600 = 22.39

62.45
Cont 5% 3.12

Ownership Expense 65.57 R/hr


http:125,364.71
http:125,364.71
http:22,532.40
http:20,118.15
http:17,962.65
http:16,038.11
http:14,319.79
http:12,785.51
http:11,415.60
http:10,192.50
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TABLE C-4 (Continued)

Maintenance

The cost of yearly maintenance is not normally reduced by
lack of use since deterioration of various parts of assembly
components create problems that would not be classified as
"fair wear and tear" of a normally operated machine.

In addition to maintenance problem the proficiency of the
operator is often less then 40% since he is not constantly
working a machine to improve his skill and reach the 80%
efficiency quotient that shculd be a standard.

This reduced production is reflected in idleness of other
personnel, increasedoverhead and a complete loss of "esprit
de corps."

LDC governmental officials should do all in their power to
eliminate this waste, and foreign advisors who are not
diligently trying to alleviate this problem should be
immediately terminated as they are showing a lack of
professional integrity and in essence are defrauding the
donor that is paying for their services and the LDC recipient
who is placing a trust in their guidance.
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TABLE C-4 (Continued)

COMPARISON-HOURLY COST OF D-6 DOZERS
WITH VARIOUS USE FACTORS

Owner-
Cost/Hr ship
Replacement  Maintenance Contingency  Expense % Diff
10,000 Hr- 15.97 10.36 1.32 27.67
5 Year
25 %
8,000 Hr- 19.96 12.95 1.65 34.55
5 Year
48 %
7,200 Hr- 31.16 17.41 2.43 51.00
8 Year
28 %
5,600 Hr- 40,06 22.39 3.12 65.57

8 Year
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TABLE C-5

HOURLY RATES FOR LABOR
(+ 0,10 for field support)

Operators Rand/Hr
Dozer 1.00
Motorgrader 1.00
Wheeled Scraper 1.00
Wheeled Loader 1.00
Compactor 0.84
Dump Truck 0.67
Water Truck 0.67
Light Truck 0.47
Concrete Mixer 0.84
Water Pump 0.84
Generator 0.84
Foreman 1.35
Mason 0.85
Carpenters 0.85
Mechanic 1.35
Mechanic Helper 0.85
Labor 0.38
Timekeepér 0.63
Watchman 0.44
Surveyor 1.04
Rodman 0.46

Source: William Niese, Jr., P.E., Regional Engineer Advisor, REDSO/EA,
and Michael Nyquist, Conservation Engineer, Thaba Bosiu.

Ny
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TABLE C-6 (Continued)

ADNTUISTRATIVE TVSTRICTIONS COVERNING THE
HIRE OF CIVIL EU'GINEERTNG AID CONTRACTORS PLAMT.

(1.0) With effect frow 21st larch, 1975 certain basic changes in
the system of Tlant Hire will occur due to the trwusference of Plant
Orerators from the Roads Br.uich to the Mechanical Branch., Stcered
plant henceforth will only be available complete with operator. Two
systems of hire, Short Term llire and Long Term Hire will continue to
be observed,

L 2.0)

SHORT TERIT HIRE

(a) Piant requisitioned for a preriod of less than 3 months will
only be hired out on Short Term Hire. Long Term liire conditions
will not be available to clients hiring plant for less than this
minimum period. ’

(b) Under this form of hire charges will commence without exception
the day a machine leaves the Plant ool yard and terminate the day
it returns.

(c¢) Charges will be raised against the client on the expiry of the
hirc period at the rclavent hourly rate. A minimum of 9 hours
per day will be charged for the number of days on hire including
fBaturdays, Sundays and Public Helidays, and operators provided
for all stcercd machines on these days.

(d) A minimum hire period of 9 hours or one day will be applied
reduced only by down time following reiorted breakdown of the
machine (sec Paragraph 540) 4

(c) Machines will be issued on Short Term Hire with their fucl tanks
full anl must be correspondingly rcturned with full tanks by the
clients,

(3.0)
LONG TERM HIRE ‘- -

(a) Plant will only be hired on a Long Term basis for periods of 3
months or longer.

(v) The hire arrangements will be based on operator hours and the
minimum hire charge will be based on 8 hours of operator time
daily reduced only by down-time following reported breakdqsm
of the machine (sce Paragraph 5.0) overtime hours in excess of
8 hours daily will be sharged nro-rata.

(o) Plant may be hired for any period in excess of three months and
will be on a "first come first served" basis with preference
given in the case of Lesotho Government Ministries and Depart-—
ments. A long term hire order will therefore secure the item
of plant for any period in excess 3 months and a minimum
hire rate of 8 hours per day, 5 days per week, Hlonday to Friday
will be charged for all opcrational machines. 1t is the res-
ponsibility of the client to use the machines fully during the
hire period.

2/ cevarese
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TABLE C-6 (Continued)

(3.1) m2-

SUTURDAYS, SUNDAYS ¥ID | USLIC NOLIDAYS

(a) Clionts will be allowed to retain machines on site on Saturdays,
Sundays and I'iblic Holidays nnd providing they are not used no
charge will accruec to the client.

(b) The acceptance of -ny hirc order however implies that the olient
accepts responsibility for machines at all times. The client
will compensate the Plant Pool fully for uny loss or damage

wrioh machines may suffer due to theft, vandalism or the inter—
vention of unauthorised personnel.

(4.0)

STECIAL ARRAIGEIGNTS

Arrangements of a special nature may ve made with the Plant Pool
Manager for short hires of a specificd period. The charges will
be based on operaiers - hours w rked and the minimum hours to be
charged will be notificd by the Plant Tool Manager in each case.

(5.0)
BREAKDOWS

In the case of breakdown the Plant Pool Workshops Hinager must.
be advised by submission of Fers MB/PF/0?. Hird chargos continue
to be raised entil such tine as this advice {rom the client
department is received. The Flant Pool reserves the right to
replace a mzzhine with an-tier of equal capacity 2t zny time @
in the event of breakdowm or oiher defcet; it does not however
undertave to replace any mochine on demand,

(6.0)

DEIFECTS.
All defects notified by the operotor must similarly be reported
on Form lio. HB/FP/OZ by dekling the word "BREKDOWN" and sub-
stituting the word ""DEFECT". -

(7.0)

CHARGES AI'D PAYIENT FOR PLANT HIRE.

(a) Hire charges will be raised at the termination of the hire, or
once a month, ag:inst Lesotho Government linistries and Depurt-
ments. This will be done by way of a Journal Entry in accord-
ance with the rates in force.

(b) Full details of the hours worked by each Plant Pool operator on

site must be recorded anl returned daily on Form l'o.1B/TP/03

by the client's site orent; a copy f this form is attaoched.

A scparate form for cach ojerntor must bhe submitted to reach the
Plant Pool Yorkshops ilinsyer as scon as possible but in uny case
not later than 5 days after the dny to which the form refers.
This form is the bazis on which churres arce mde and in the case
of late arcival of form: = miniwum hire period of & hours per
day for Long Term Hire and 9 hours poar day for Shont Term Hire s
will he chirged nnd the neccssary aljusiment will® be mado the
following month.

3/ Sesevecvessasaen
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TABLE C-6 (Continued)

-3 -
The operator's time st bo fully booked from the hour he

ie repertn en nito to the hour he leaven. .

) Onc¢ hour however will be deducted from the time
recorded on Form MO.:B/TP/03 and will not be chargeable

to the account of the clicnt; this hour ie to allow time for
"Starting Up" and Shutting Down" procecdures (see Operators
Plant Operzting Permit 2nd Rules book.)

(8.0)

REQUISITIONING OF PLANT

(a) Plant will, when available be provided on submission by the
client Department to the Plant paol Workshops lanager of a
requisition at lecast 5 working days before the commencement
of the hire period.

(b) Type of plant, location, chargcable head and hire arrangements
required must be indicated on the requisition and the period
of anticipated hire must be daefined.

(o) Clients are specially requested to communicate any change in
location immediatcly to the Plant Pool Workshops Manager for
obvious reasons of control, the most important being the pay-
ment of wages to operators by the Plant Pool.

(4) Submission of a further requisition is required to advise when
an item of :lant is "off-hired" which must also be 5 working
days before tne expiry of the hire period.

(e) The client Department will continue to be responsible for the
sccurity of the machine until the Plant Fool is able to arrange
the transportztion of the machine from site (see Paragraph 3.1b)
or until the machine returns to the Plant Pool yard, depending
on the type of hire.

(9.0)
TRANSPORTATION TO_SITE

(a) The cost of transporting a machine or item of plant to and from
thie Plant Pool yard, Maseru or betwcen sites will be to the
account of the client, Low-bed transporters ars available in
the P1-nt Pocl. Requisitions for low-bed transporters should
accompany the plant requisitions

Threc days or 27 hours will be the maximum charge for a Plant
Pool low-bed transporter for journeys in Lesothos.

(b) Hire charges normally commence for m:uchines the day the item
laaves the Plant Fool yard and tcrminate the day it is returned.
Long Term Hire plant transported on 2 Plant Pool low-bed or on
one hired commercially through the Chief [echanical Engineer's

agency will be an exception to this rule and charges for long

term hire plant so trunsported will commence from the hour
and day they arc unloaded on site and terminate on the hour and
day the off-hirc notification comes into force,

(10.0)
FUCL

The supply of cloan fuel for all machines is the responsibility
of the client.

8/ sessesesracenas

A
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TABLE C-6 (Continued)

(11.0)

HIRE TOQ }'ON~GOVERINLNT RUTITIES

A1l non-povernm:nt cntities will be required to leave a deposit
with thoe Chicef "echanical Engincer covering the specificd hire
period nt the rate of 10 hours per day. Accounts will be adjusted
when the machine is off-hired. Dachines will nsutomatic:lly be
withdrawn once the hire period has expired unless 2 new hire
agreemant iz mile and frech deposit accepteds  Deposits must be

in cash or a bmk-quaranteed chequc.

(12.0)

CO1ITRCIAL HIRE

When machines are not available in the Plant Pool the Chief
liechinical Engiseer will, at the clients remucst, endcuvour to
hire them from the private scctor; all the arrangements will
be made by the Chief lNechanical Enginecer wnd the cost passed
on to the client plus a service charge of 5« This service
will only be avai Mle to Lesotho Government Ministries and
Depirtmentse.

(13.0)
CENERAL
The client's site agcnt'w1ll b. required to sisn each operator's

"Plant Opcriting Fermit and Rules" book when the operator arrives
on site and th acquaint himsclf with its contents.

“(7
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APPENDIX D: LABOR INTENSIVE WORKS

Presently the Government of Lesotho is utilizing a Labor Construc-
tion unit (LCU) for various conservation work tasks on an increasing
but still experimental scale. 1/ On the basis of this unit's actual
historical experience, the Ministry of Works of the Government of Lesotho
also has a labor absorbing contingency plan 2/ designed to create employ-
ment for 10,000 laborers.

Job reports issued by the LCU indicate that worker productivity
has increased since task-work systems were introduced, and that output
per direct manday employed ranges from two to three M3 per manday, averag-
ing no less than 2.5 M3 per man for excavation-throw work under normal
conditions. 3/

The «cta in Tables D-1 to D-4 of this appendix present detailed
information on direct labor and equipment costs by Km of output based

upon the experience of LCU activities to date as well as design layouts

and a commentary on compaction. This information is summarized below

l/See various Labor Construction Unit "Job Reports.”

Z/See Labor Construction Unit, “A Contingency Plan During a Possiple
Emergency Period," January 1979,

§/wor1d Bank studies of several developing nations indicate that these
productivity rates are relatively commonly achieved under task work
or incentive pay systcms with proper supervision. See I.K. Sud, et.al.
discussion paper in P.A. Green and P.D. Brown in Indian Roads Congress
Papers of 37th Annual Session, December 1976, pp. 2-10.

\
\
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in terms of direct costs (which does not include tools and site over-

1/

head expenditures). =

Village
Waterways* Terraces* Diversions* _Roads_

Labor Intensive Nirect Costs:

1. M Earthwork/Km 1,200 800 3.370 n4g

I1. Mandays Employed/Km 860 427 2,530 507

III. No. Ha Protected per :
Km Constructed 50 4 150 84

IV. DIRECT LABOR & OTHER COSTS:

R per M earthwork 1.72 1.53 2.05 2.0
R per Km construcied 2,064 1,225 6,915 1,904
R per Ha/protected 41.3 306.3 46.1 22.7

* Terraces, waterways and diversions embody lower M3 of earthworks than
required under capital intensive methods.

Source: Takles D-1, D-2, D-3 and D-4.

As can be seen from data presented above and the accompanying
backup Appendix table data (Tabhles D-1 to n-4), substantial amounts of
direct employment are created in a labor intensive operation. For example,
conservation works per Ha of area protected would require an asti-
mated 147 mandays of direct employment under labor intensive methods based
upon those productivities shown in Tables D-1 to D-4. 2

The Labor Construction Unit has completed road construction and realized

the productivity-cost relationships shown in the Appendix, and is now engaged

l/See the discussion which follows.

g/That is. roads 6.0 = 507/84.2; terraces 107.0 = 427/4: waterways
17.2 = 860/50; diversions 16.9 = 2,530/150.
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in other conservation works. 1/ The 31.5 Km Mazenod Road now completed
involved some 47,500 mandays of employment and was constructed at a
direct cost of some R 6,300 per Km. Site and camp overhead costs averaged
R 700 per Km). 2/ The Mazenod Road was heavily graveled and is not a
village road as is cost analyzed in Table D-4, however. Construction
of village roads and other conservation works Tikely will have higher
site overhead costs --as shown in Table D-7 of this Appendix.

Estimated site overhead costs approximate R 119,000 yearly for a
600 man labor gang working full time or 150,000 mandays annually. This
represents some R 0.80 per manday of employment, or an average of 33 per-
cent of direct wage payments, including depreciation of hand tools.
These latter costs are estimated, for purposes of our cost analysis of
labor intensive methods, as some R 20 per manyear of employment. In
total, then, site overhead costs based upon a work gang of 600 laborers
approximate R 0.80 per manday or some one-third of direct labor costs.
These costs are summarized below by type of Conservation Division output:

Village
Waterways Terraces Diversions Roads

Site Overhead Costs:

No. of Mandays/Km 860 427 2,530 507
Site OH Costs in R/Km R 688 R 342 R 2,024 R 406
Site OH Costs in Ha/Protected R 13.8 R 85.5 R 13.5 R 4.8

Source: Table D-7 of this Appendix.

1/5ee Tables D-5 and D-6 of this Appendix.

g/That is, R 240 and R 460 respectively. Direct employment approximated
R 3,000 per Km or about 1,500 mandays per Km.
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No attempt is made here to assess headquarters overhead costs which,
in the case of labor intensive versus capital intensive methods for the
Conservation Division, 1likely would remain unchanged. 1/ Most frequently
we shall use direct costs for comparisons between labor intensive and
capital intensive methods, primarily because of greater confidence in
these data. However, inclusion of site overheads also is important be-

cause these costs tend to he areater for labor intensive construction

methods. 2/

A great deal of additional cost and related information on labor
intensive operations can be found in the World Bank's recent "Re-Employ-

ment Mission" study 3/ and also in the very extensive study on "lLabor

1/

Intensive Works" published hy the International Labor fOraanization. -

The site overhead costs noted ahove appear to be realistic and further

5/

conform generally to similar estimates made elsewhere hy the World Bank.

l-/Over'head charges typically would approximate 30% of direct labor
and site overhead costs.

g/Scott, Wilson, Kirkpatrick & Partners estimated capital intensive
methods with site overhead costs at approximately two-thirds the Tevel
associated with labor intensive methods. These estimates were scme
R 125,000 yearly for a work-program capable of treating some 1,330
ha yearly for a total fleet of six dozers and seven graders (R 94 per
ha protected and treated). Actual equipment hours operated were
estimated at 17,500 annually, or site overhead charges approximated
R 7 per operating hour. This is about 23% of direct machine costs
in contrast to their use of 30% for Tabor intensive methods.

/Internat1ona1 Bank for Reconstruction and Development, Lesotho,
Report of the Migrant Workers Re-Employment Mission, April 1675,

4/E Costa, et.al., Guidelines for the Organisation of Special Labour

Intensive Works Programs. Geneva. International Labor Organization,

March T1977.

E/IBRD, op. cit.. pp. 1-4 of Annex VI. Adiusting these data for inflation
from 1975 to 1979) yields a comparable total OH rate (excluding expatriate
staff) of some R 0.8C per manday for the 36G,000 mandays in a "typical"
labor intensive construction unit.
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Civil works was identified by the World Bank as a primary target
in its 1975 study of migrant worker reemployment. 1 In their analysis
the World Bank Mission expressad the opinion that "there is a strong
Tikelihood that certain types of work (in Lesotho) can be done at about
the same cost with labor intensive as with equipment intensive tech-
niques." z/ One of the bases tor this conclusion was the assumption

of normal but conservative labor productivity rates described as follows:

M3 per Manday~§/
Excavation (hardrock) 0.25
Excavation (soft rock) 1.00
Excavation (normal) 2.00
Loading in trailers 4.00
Spreading 8.00

These productivity rates have been generally exceeded in the Labor Con-
struction Unit works to date by about 25 percent, and it is expected
that additional labor productivity gains of 25 to 35 percent are
realizable. &/ Consequently, estimated labor costs of the Conservation
Division outputs may well decline to 75 to 80 percent of the amounts
shown in this Appendix.

Unfortunately, much of the Conservation Division's experience with
labor has been with food-aid labor, noted here and elsewhere for its
l/Ibid., p. 9. The following discussion draws heavily on the con-

clusion of this study.
2/1pid., p. 21.
3/1bid., p. 27.

i-/Scott, Wilson, Kirkpatrick & Partners; and J.R. Dawson, Labor Construc-
tion Unit, Government of Lesotho.
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"extremely Tow productivity" because of poor supervision and motivation
and a daily wage payment basis. This is a situation which Ted the
Re-employment Mission office of the World Bank to recommend five years
ago that "much of its work could be better done in other ways." Y

In evaluating labor intensive versus capital intensive techniques
in numerous road construction projects, the Re-employment Mission noted
costs increased for labor intensive techniques on the order of 15 to
20 percent as compared to capital intensive methods. 2/ The Interna-
tional Labor Organization also has identified financial cost differen-
tials for various construction works. 3/ While financial costs com-
parisons reveal capital intensive methods to be least costly, economic
costs differentials are Tower for labor intensive methods (see commentary
below).

Nonetheless, "...the social benefits of creating more employment
within Lesotho may well outweigh the somewhat higher financial costs
involved." 4/ However, as the Re-employment Mission has noted, it is
important to take into account "...the effects of seasonal demand for
labor for agricultural purposes...," an impact that the Labor Construc-

5/

tion Unit has not dealt with to date. =~ Further, taskwork must be

l-/IBRD, op. cit., p. 26.

2/1RD, op. cit., pp. 29-31.

§-/IBRD, op. cit. See International Labor Organization, pp. 60-67 of
Section IV. These data, for select construction functions only, are
also adjusted for a shadow price to reflect factor price distortion.

%/1RD, op. cit., p. 32.

3/1bid., p. 4 of Annex II.
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related to wages as the Labor Construction Unit is now doing, and the
mining-ingrained work attitudes and disciplines of Basotho workers
already is apparent from the Labor Construction Unit's productivity
achievements.

The true social costs of Tabor typically are lower than the going
wage rate whicn is taken here as R 2.40 daily for labor. Thus, in evalu-
ating projects from a national point of view, one can justify using a
"shadow" wage rate to price labor. 1/ If the shadow wage is approximated
as the opportunity cost of common labor in the private sector, labor
intensive costs 1ikely would approximate 20 to 40 percent of those shown
in this Appendix. 2/ The marginal product of crop farming as an alterna-
tive activity for labor might be used to determine economic (as contrasted
to financial) cost, and the economic rate of return to a specific project.
Analyses so conducted will Tead to "...an increase in the proportion of
labor to be used..." but at higher financial costs. 3/

Higher financial costs also may result from the longer time period
of construction with labor intensive methods that results in delayed bene-
fits. An offset to these benefits foregone is the longer project gesta-
tion period and the equipment shipment delays accompanying capital inten-
sive methods. Labor intensive methods also may be relatively more economi-
cal if Tocal labor is used and camp costs are not needed particularly since
l/See, for example, ibid., p. 1 ff of Annex II; and C. Harral, et.al,

Study of the Substitution of Labor and Equipment in Civil Construction:
Phase II, Final Report, IBRD Staff Paper No. 172, January 1975.

Z/see ibid., p. 12 and pp. 1-2 of Annex II. At R 0.60 to R 1.00
daily as compared to R 2.40.

3/1bid., p. 1 of Annex II.

'
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equipment parts and mobilization costs tend to be significant in capital
intensive projects. Finally, lower standards of durability or quality
may reduce relative labor intensive method benefits (or increase main-
tenance cost frequency), if they do in fact exist. The frank truth is

that engineers are not agreed about the differential quality factor.

These are all important considerations which may have to be accepted

in the interest of employing labor and using capital as a productivity

aid instead of a way of replacing or "disemploying" labor.
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Project: MWaterways L

Page D-9

Work Description: Earthwork

Earthwork

SUMMARY Mandays Cost ig R Cost in R Cost in R
Basg No Employed Per M Per Km per Ha

M Protected

LABOR 1,200 860 R1.72 R 2,064 R 41.28

I. Productivity:

A. Excavate and haul
B. Excavate and throw

C. Spread and shape

II. Each 1m = 1.2 M°.

A. 800 =+ 1.25
B. 400 + 2.50

c. 1,200

“*

5.0

ITI. At wages of R 2.40

IV. An estimated 20 1m
R 41.28 per ha.

1.25 M3 per manday

2.5 M3 per manday

5.0 M3 per manday

So 1 Km= 1,200 M3 and mandays are:
640 mandays

160 mandays

60 mandays

860 mandays

x 860 = R 2,064 per Km.

is needed per ha protected. The cost is then

l-/Sketch layout is as shown in Appendix Table B-1.

Source: J.R. Dawson, Labor Construction Unit, Government or Lesotho.
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Amendment

TABLE D-1

SUMMARY Earthwork Mandays Cost ig R Cost in R Cost inR

Basg No Employed Per M Per Km per Ha
M Protected
LABCR 1,200 429 R 0.858 R 1,029.6 R 20.59

I. Productivity:
A11 earthworks operation = 2.8 M3 per manday

II. Each Tm=1.2M>. So 1 Km=1,200 M> and mandays are:
1,200 + 2.8 = 429 mandays

IIT. At wages of R 2.40 x 429 = R 1,029.6 per Km.

IV. An estimated 20 Tm is needed per ha protected. The cost is then

R 20.59 per ha.

Source: J.R. Dawson, Labor Construction Unit, Government of Lesotho.
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TABLE D-2

Project: Terraces ~

1/

Work Description: Earthwork

SUMMARY Earthwork Mandays Costs in  Costs in  Costs in
Basg No of R psr R per R per Ha
M Employment M Km Protected
LABOR 800 427 R 1.03 R 1,025 R 256
COMPACTICN IN RD (800) - 0.25 200 _50
(roller days)
TOTAL =R 1.53 R 1,225 R 306
I. Productivity :
A. Excavation =2.5 M3 per manday
B. Spread-Shape = 7.5 M3 per manday
II. Each Im = 0.8 M3. So 1 Km = 800 M and mandays are:
A. Excavation = 800 M + 2.5 = 320 mandays
B. Spread-Shape = 800 M3 + 7.5 = 107 mandays
427
IIT. At wages of R 2.40 per m.d. x 427 m.d. = R 1,025 per Km.
IV. An estimated 250 1m is needed per ha of acre protected. The cost
of labor is thus = R 256 per ha.
V. Compaction Zé by roller is 100 M3 per roller day at R 25 daily, or

R 0.25 per M” (R 0.2 per 1m). Therefore compaction = R 200 ver
Km of terrace or R 50 per ha acre protected.

l-/See page D-11 following Table D-2 for sketch Tlayout. Labor intensive
methods require less earth moved and accommodgte more tailored design
than do equipment produced terraces. Thus, M” per Km of terraces is
less for labor intensive methods.

g-/See page D-12 for comments on compaction.

Source: J.R. Dawson, Labor Construction Unit, Government of Lesotho.
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Amendment
TABLE D-2
SUMMARY Earthwork Mandays Costs in Costs in  Costs in
Basg No of R paY R per R per Ha
Employment M Km Protected
LABOR 800 307 R 0.96 R 764 R 184.2
COMPACTION IN RD (800) = 0.25 200 50.0
(roller days)
TOTAL 307 =R 1.21 R 964 R 234.2

I. Productivity :

4.0 M3 per manday

A. Excavation

B. Spread-Shape = 7.5 M3 per manday

3

II. Each ITm = 0.8 M". So 1 Km = 800 M and mandays are:

800 M3 + 4.0
3

200 mandays

A. Excavation

800 M” + 7.5 = 107 mandays

B. Spread-Shape
307

IIT. At wages of R 2.40 per m.d. x 307 m.d. = R 763.8 per Km.

IV. An estimated 250 Im is needed per ha of acre protected. The cost
of labor is thuc = R 184.2 per ha.

V. Compaction bg roller is 100 M3 per roller day at R 25 daily, or
R 0.25 per M° (R 0.2 per Tm). Therefore compaction = R 200 per

Km of terrace or R 50 per ha acre protected.

Source: J.R. Dawson, Labor Construction Unit, Government of Lesotho.
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TABLE D-2 (Continued)

Note on Compaction

To get good compaction it is necessary to apply the compactive
effort to thin layers of fill. For example, British Transport and Road
Research Laboratory recommends maximum layer thickness at 300 mm for a
12 ton vibrating roller and 150 mm for a 1,000 Kg tandem vibrating

roller. The reason for this is that the effect of the roller varies

\_/

___Good Compaction
Reasonable Compaction
Little Compaction
None

with depth:

Clearly if a grader wheel is run over the terrace hank the compac-
tion will work like this (if a dozer track is used the compactive effect

js much less):

ompacted Layer

Jncompacted Layer

It might be argued that from the point of view of both the function
of the bank as a water retaining structure and as a structure that will
need to be vegetated this is an erroneous method; i.e., what is needed
is a compacted core and an uncompacted surface so grass will grow.

In any case the whole argument is a bit academic. Lesotho is

covered by either aged water retaining structures or those built by

(o
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TABLE D-2 (Continued)
food-aid lahor (many under the auspices of Ministry of Agriculture)
that have had Tittle or no compaction at all except from whatever arose
from labor constructing them. These structures appear to give a
satisfactory level of service (most failures come from inadequate spill-
way design): thus, it may be questionable whether or not terrace banks
should be constructed with compacting.

However, if it is insisted that a machine should be used for compact-
ing terrace banks, then a pedestrian operated vibrating roller could
be used at the cost of R 0.25/cu. m. and it could cover the output of
35-50 men (100 cu. m./day).

Some 35-50 men would be working on something 1ike 100-150 m. of
terrace. Thus a machine could make a number of passes over the terrace

in the course of its construction and compaction would be thus: 1/

l/Supph’ed by JR.Dawson, Labor Construction Unit, Government of Lesotho.

e
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TABLE D-3
1/

Project: Diversions =

Work Description: Earthwork

SUMMARY Earthwork Costs in Costs in Costs 1in
Basg No Mandays R pgr R per R per Ha
M Employed M Km P:rotected
LABOR 3,370 2,530 R1.80 R 6,072.00 R 40.48
COMPACTION (3,370) - 0.25 842.50 5.65
TOTAL 2,530 R2.05 R6,914.50 R 46.13

I. Productivity:

1.25 M3 per manday.

2.5 M3 per manday.

5.0 M3 per manday.

A. Excavate and haul

B. Excavate and throw

C. Shape and compact

II. Each Tm = 3.37 M3. So 1 Km = 3,370 M3 and mandays are:

A. Excavate-Haul 1,270 M3. + 1.25 m.d. = 1,016 mandays
B. Excavate-Throw 2,100 M3 ¢ 2.5 m.d. = 840 mandays
C. Shape-Compact 3,370 M3 + 5.0 m.d. = 674 mandays

2,530 mandays

III. At wages of R 2.40 per m.d. x 2,530 m.d. = R 6,072 per Km of
labor.

IV. An estimated 1 Km = 150 ha area protected or 6.7 1m needed per
ha of area protected at a labor cost of R 40.48 per ha.

V. Compaction by r011er3is 100 M3 per roller day at R 25 daily or
cost is R 0.25 per M° (i.e., R 0.8425 per 1m). Therefore, compac-
tion cost is R 842.50 per Km of diversion or R 5.65 per ha pro-
tected.

l-/See page D-15 following Table D-3 for sketch layout. Somewhat less M3
per Km of excavation is required with labor intensive methods for
reasons noted in terrace constr.ction.

Source: J.R. Dawson, Labor Construction Unit, Government of Lesotho.
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Amendment
TABLE D-3
SUMMARY Earthwork Costs in Costs in Costs in
Basg No Mandays R per R per R per Ha
M Employed M Km Protected
LABOR 3,370 1,517 R1.08 R 3,640.00 R 24.38
COMPACTION (3,370) - 0.25 842.50 5.65
TOTAL 1,517 R 1.33 R 4,482.50 R 30.03

I. Productivity:
4.0 M3 per manday.

A. Excavate and throw

8. Shape and compact 5.0 M3 per manday.

IT. Each Im = 3.37 H3. So 1 Km = 3,370 M3 and mandays are:
A. Excavate-Throw 3,370 M> & 4.0 m.d. = 842.5 mandays
B. Shape-Compact 4,370 M3 + 5.0 m.d. = _ 674.0 mandays

1,516.5 mandays

ITT. At wages of R 2.40 per m.d. x 1,516.5 m.d.
labor.

R 3,639.60 per Km of

IV. An estimated 1 Km = 150 ha area protected or 6.7 Im needed per
ha of area protected at a labor cost of R 24.38 per ha.

Source: J.R. Dawson, Labor Construction Unit, Government of Lesotho.


http:3,639.60
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TABLE D-3 (Continued)

Volume of excavation:

Lx 1.125 x 0.75 + 1.5 x 0.75 + % X 1.125 x 0.75 + 0.75 x % x

4.875 - % x 1.125 x 0.75
3

0.42 + 1.125 + 0.42 + 1.828 - 0.42 = 3,37 M" per lineal meter

: . '\..\
oy N :‘,.\ 'i_ ','.iln,-l{ s
f.( Pl e, 1 '
For balanced cut & fill
Volume to be thrown with shovel = 2.1 N3 per lineal meter

Volume to be hauled with wheelbarrow = 1.27 M3 per Tineal meter
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TABLE D-4
1/

Project: Village Roads —

Work Description: Earthwork

SUMMARY Earthwork Mandays Costs in  Costs in Costs in
Base3No of R pgr R per R per Ha

M Employment M Km Protected

LABOR 948 507 1,127 R 1,217 R 14.48
COMPACT & EQUIP - - - 687 8.18

R 1,904 R 22.66

I. Productivity:

2 M3 per manday.

A. Excavate-Ditch

B. Gravel load-unload = 1.5 M3 per manday.

II. Each Im= .75 M>. So 1 Km = 750 M° and mandays are:

3 3

A. Excavation = 750 M” + 2 M 375 mandays.

B. Gravel (33% x 6 at 0.1 thick) = 198 M/km + 1.5 M = 132 mandays.

507 mandays.

R535) < poeer

c. 2/ 6.7 days tipper truck (R 81 day)
R 152 )

6.7 days compaction roller (R 23 day)

ITT. At wages = R 2.40 per day x 507 m.d. = R 1,217 per Km.

IV. An estimated 11.9 Tm is needed per ha of area protected. The
Tabor cost is thus R 14.48 per ha.

V. Compaction and tipper truck required is R 0.687 per Im or R 8.18
per Ha area protected.

l-/Des1‘gn31ayout is 6 M width at 0.5 M3 per Im formation clearance with
0.25 M” per Im ditch excavation; partial gravel-compaction as noted.

g-/Includes operator and fuel at private hire rates of R9/hr for 9 hour
day, and roller cost is based on Lesotho plant pool charge rate. When
hiring pedestrian operated vibrating rollers it is not necessary to pay
the R 2.50/hr operator charge as one of the Labor Construction Unit's
own labor operate it at R 0.35/hr.

Source: J.R. Dawson, Labor Construction Unit, Government of Lesotho.
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TABLE D-5
COST SUMMARY FOR THE MAZENOD ROAD
(As built by Tabor)

Resource Category Actual Cost Cost Per Kilometer
Wages(a) R 92,660 R 2,993(a)
Equipment(a) 85,100 2,749
Materials 10,880 351
Tools __ 71,270 235

Total Direct Costs 195,910 6,328
Camp 7,460 241
Site Overheads 14,240 __460

Aggregate Costs 217,610 7,028
Estimated 30% addtion for

HQ overheads & expatriates _65,280 2,108
Estimated Total Cost R 282,890 R 9,136

(a) Earthworks R 2,129 per Km and graveling R 3,577 per Km.

Source: Scott, Wilson, Kirkpatrick & Partners.
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MONTH
TASK UNIT
. Oct Yov Dec Jan Feb ‘March April May June July Aug
| 1977 1977 1977 1978 1978 1978 1973 1978 1978 1978 1978
?
l Excavate ditck in ord. ground 'mJ/md 2.7 2.5 - 2.8 2.2 2.1 2.4 2.4 2.4 2.8 3.4
! Excavate ditch in rocky ground m3/md 1.0 0.7 - - - 1.1 1.0 1.0 0.8 0.6 -
: Excavate to formation m3/:d - - - 2.9 - 3.3 2.0 2.3 2.8 2.9 -
; Excavate and load gravel mjlzd 1.4 1.5 1.4 1.6 2.3 1.4 1.7 1.8 2.2 2.3 2.4
£xcavate end load saad m3/:d - - - - - - - - 1.8 1.7 1.4
Haul gravel dy tipper n3/tpd 44.0 40.9 39.5 19 5l 46.’1 31.2 38.7 42.3 51.2 53.2 41.4
Haul gravel Sy wicelbarrow m3/wbd - - - - - 3.7 2.2 - - - =
Haul store by tippe. n3/tpd - - - - - 21.7 43.1 27.0 - 22.2 20.0
Haul s:tens by whealbarrow n”/ubd - - - - - - 1.9 2.5 - -
Haul sand by tiprer m” /epd - - - - - - - - 21.7 12.5 10.0
Sproad grave!l 13/:d 5.2 4.5 4.5 3.4 6.4 4.8 7.8 7.5 7.5 4.8 6.1
Spread and :rim for formation H3/md 2.0 4.1 4.5 3.9 - 2.7 2.2 - - - -
Campact gravei 5= rollec n3/r: 42.0 72.0 ?2.9 34 62 65.12 32.5 54.4 75.0 105.0 101.3 52.9
Mix and place concrete mjlmd - - - - - - - - - 0.2 0.3
Ercc;ion of rcraining walls nJ/nJ - - - - [ - 0.9 1.1 2.6 3.8 - 0.9
Lay gulverts Pipes/ad - 0.2 - 0.2 - 0.4 0.1 0.2 0.2 0.2 0.2
Clean ditches m3/md - - - - - - - - - - 1.5
Build check walis m3/nd - 1.5 - - - - - - - - -

Nosen:

1. Here,

3

o.>le-shifs work figures have been adjusted to give 1 tippec-day

2. Here, desble-ahitt work figures have been adjusted to give 1 rellee-day

(v0¥ QONJIZVW IHL NO S3IILIAILINQOY¥d TYNLIY
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TABLE D-7
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YEARLY SITE OVERHEAD ESTIMATES FOR TWO 300 MAN WORK GANGS

A. No laborers employed: 600; 150,000 mandays; R 360.000/year.

No No Work Pay Total
B. Site Staff Mandays Persons _Grade Rate/Yr R
500 2 PTO R 4,000 8,000
1,000 4 TO 2,140 8,560
3,000 12 TAl 1,440 17,280
6,000 24 TA2 840 20,000
1,000 4 Timekeepers 1,000 4,000
500 2 Storekecpers 1,000 2,000
1,500 _6 Drivers 800 4,800
SUBTOTAL 13,500 54 64,640
C. Camp and Site Costs
48 huts (10 x 10 at R 80/yr over 5 years) = R 3,840
Set up costs huts (1,120 mandays) = 5,376
Set up costs huts (34 tipper days) = 5,508
Camp running costs (estimated yearly) = 2,000
6 vehicles = 18,000
6 caravans
(PTD & TO, R 7,000 each write off 5 years) = 8,000
Hand tools = 12,000
SUBTOTAL R 54,724
Summary of Total Costs
A. Direct Labor (150,000 mandays) R 360,000
B. Site Staff Labor Overhead (13,500 mandays) 64,640
C. Other Sit- Overhead (camp., equip., etc.) 54,724
GRAND TOTAL R 479,364
* Site OH as % of total costs 27 %
* Site OH as % of direct labor 36 %
* Site OH per manday of direct labor R 0.80

Source: J.R. Dawson, Labor Construction Unit, Government of Lesotho.
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