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PART I. PROJECT SUMMARY AND RECOMMENDATIONS
 

A. Borrower: The Government of Sri Lanka 

B. Implementing Agency: Survey Department 
Ministry of Agriculture and Lands 

C. Recommendation: 

1. AID Contribution:
 

Loan: $4,500,000
 

Terms: Repayment of principal and payment of interest within
 
40 years, including a ten year grace period of repayment
 
of principal, with interest at two percent (2%) per annum
 
during the grace period and three oercpnt (11) thereafter.
 

2. Borrower's contribution: Rs 13,982000 ..... 
S$ .1,918,000 
@ RS 7.29 = $1.00 

D. Description of Project:
 

The project will provide over a six year period capital equipment,
 
expendable supplies, technical assistance and facility renovation to the
 
Survey Department of the Ministry of Agriculture and Lands as well as
 
long and short term training to selected other Ministries and Departments
 
of the Government. These inputs will result in the production of a
 
1/50,000 and 1/10,000 scale base map of Sri Lanka which will be continuously

updated as well as the production of larger scale area and project specific
 
maps as needed by user agencies. The project will also provide for the
 
establishment and operation of a "User Assistance Center" within the Survey

Department which will serve both as a resource center for other agencies
 
to use in their analysis and interpretation of maps and related informa
tion, and as a research center for the Survey Department enabling it to
 
keep abreast in areas related to aerial surveys and remote sensing.
 

The project has been technically reviewed by experts in the field
 
of aerial photography and mapping who confirm that project design and imple
mentation plans provide a sound basis for believing that the inputs will
 
produce the outputs projected. At the end of the project Sri Lanka will
 
have base maps at 1/50,000 and 1/10,000 scale; project and area specific 
maps requested by various user agencies; a functioning User Assistance Center
 
providing resources for maximum utilization of maps by agencies of the
 
government involved in the planning and implementation of rural development
 
projects; and the Survey Department will have the capability and capacity
 
to continually update the base map series and provide additional larger
 
scale maps as needed. In sum, the project will permit the achievement of
 
the project purpose which is to meet the mapping requirements of rural
 
development in Sri Lanka. 
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E. Sunmary Findings
 

The project is technically and financially sound and is the most cost
 
effective means of achieving the project purpose. There are no environmental
 
or social implications except that since the project will provide
 
accurate information for development planners, it will contribute to
 
the genesis of sounder rural development projects. The implementing
 
agency is experienced in all aspects of the projectand with minimal technical
 
assistance and short-term, primarily familiarization training, is competent
 
to implement the project. The project meets all applicable statutory

criteria. A copy of the Statutory Checklist is available in ASIA/PD for
 
review. The AID Representative has certified that Sri Lanka has the
 
capability to effectively maintain and utilize the project (Annex A).
 

F. Project Development Team
 

The initial project proposal was prepared by the Survey Department,

Ministry of Agriculture and Lands, Government of Sri Lanka. The PID was
 
drafted by Clark Billings, USAID, Colombo. Major project analysis was
 
performed by a team of specialists from Resources Development Associates
 
under an IQC with AID. 

The RDA team consisted of:
 

Ken Craib RDA Operations Director
 
Remote Sensing Specialist 

John Cain Photogrammetrist/Mapping Specialist 

Earle Knibiehly Photogrammetrist/Facilities Specialist 

Warren Ketler Economist/Resources Survey Specialist
 

The RDA team prepared two project reports, "A Program Assessment and
 
Evaluation" in November 1976, and "Program Design and Recommendations" 
in April 1977. The PEP was prepared on the basis of the initial EDA 
report by Charles Antholt, then ASIA/TR.
 

The RDA reports were reviewed by the Survey Department, primarily

the Deputy Surveyor General, Christopher Nanayakkara; by the United States
 
Geological Survey International Activities, Photogrammetry, Mapping

Requirements, and Research and Technical Standards offices; and by USAID
 
Colombo and AID/W. 

The Project Paper was drafted by Jeff Evans, USAID, Colombo and
 
Steve Freundlich, ASIA/PD with substantial contributions from RDA. Frank
 
Kenefick, ASIA/PD was a primary A.D project analyst.
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AID/% PfJ*ct Camte.: 

e-iffEvans ASTA/PD Chairman
 
Steve Freundlich ASIA/PD
 
Rolla Ehrich ASIA/TR
 
Peter Bloom GC/ASIA

Dick Nelson ASIA/BIS

Tom OtConnor ASIA/DP
 

USAID/Colombo
 

Jeff Evans Project Manager
 
Charles Antholt Agricultural Economist
 

G. Project Issues 

During and subsequent to the PRP review of this project held on November 23, 
1976, the following issues were raised and resolved: 

Issue: APAC requested that the linkages between project purpose (to

meet the mapping requirements of rural development) vs. project goal (generate
rural development which increases domestic food production, expands employ
ment opportunities, and improves rural population standard of living)
be more clearly defined in the project paper; that the paper note the 
relationship of tI a project to AID's target population; and that the paper
discuss the impact of the project on Current or planned development
 
projects.
 

Response: The Sri Lankan economy is primarily an agrarian one.
 
Economic development- has traditionally been associated with the production
of tree crops for export-a-tea, rubber, and coconut-and the agricultural
 
sector accouuts for 55% of all employment (IBRD report, March 1976).

In 1973 it was estimated that the agricultural sector provided 33% of the
 
Gross Domestic Product and 78% of all export earnings. In recent years,

however, a falling international market and a prolonged drought have resulted
 
in a substantial decrease both in the volume of export crop production and
 
in the amount of available foreign exchange. The drought has also led to
 
a decrease in production of domestic food grains. At the present time,
 
over 25% of all rice supplies (by far the most important food grain) must 
be imported. This situation has been compounded by owner anticipation of land 
reform and concomitant permissive deterioration of cropland. The IBED 
report concludes that Sri Lanka must "accelerate the task of adjustment to 
the circumstances in which the country now finds itself so 
that the required 

Given the unlikelihood of expanding export earnings at any substantial
 
pace, development policy must depend heavily on import substitution as
 
a means to conserve foreign exchange for investment purposes. Increased
 
emphasis must then be placed upon increasing agricultural production for
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domestic consumption. The Government of Sri Lanka has recognized this fact,and has placed the highest national priority on increasing production of
domestic foods. 
 This is affected through a "Land Policy," which includes
land reform, intensification and optimization of land use, and support to
increased food production. In Sri Lanka, where 60Z of the total crop land
in production is composed of individual "small holdings" of less than five
acres 
(28% of total crop land is held in units of less than one acre),
such a program must be, and is directed at the small farmer, the "poor
majority" of Sri Lanka. 

If development of the agricultural sector is to proceed along efficient
lines, it must be based upon an adequate understanding of the present
position and the forces determining future demand and supply. 
Development
of some sort will certainly occur in the absence of such knowledge and
understanding, but it 
can hardly be termed efficient and may be counterproductive.
 

Government decision-makers normally rely heavily on statistical data,
as a guide to establishing development policy and determining its effects.
In the agricultural sector, such policy can include price supports, fertilizer,
subsidies, agricultural credit, land reform, etc. 
In most developing countries,
however, statistical data are both deficient in coverage and poor in
quality. 
The problem is compounded by the fact that much of production is
on a subsistence level, the production units themselves are small and
scattered, and processing is limited.
 

In an effurt to determihe.-the need fQr and importance of a mapping
program in Sri Lanka, the RDA team met with a variety of agencies and
organizations, representing the major users of maps and photographic products.
Organizations contacted included the Ministry of National Planniug, Ministry
of Agriculture, Ministry of Irrigation, Power and Highways, Department of Census
and Statistics, Department of Agriculture, Irrigation Department, Land
Use Division, Agricultural Project Preparation Unit, .University of Sri
Lanka, and the Mahaweli Development Board.
 

These "user organizations" are for the most part well staffed and
professionally run. 
They are thoroughly familiar w_'th the utility and method
of use of standard aerial photography, maps, and photogrammetric products.
These materials are required and are in daily use within these organizations.
 
Illustrative of the need for and application of maps and photographic
products to development in Sri Lanka are the following specific instances:
 

1. Census
 

Agricultural statistics in Sri Lanka are compiled by the Department of Census and Statistics. 
The most recent agricultural census was
conducted in 1973 (published in 1975). This census relied on "field
entuerators" and an area frame sampling technique. 
The sample frame
in turn was based on a land-use map prepared (in 1961) from aerial photography
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taken in 1956. In addition to being 20 years out of date in a country where
land use is characterized by rapid change, the present land-use map
aggregates land use at a minimum ten-acre unit level. Since 60% of all
 
productive units are less than five acres in extent and thus must be shown
incorrectly if shown at all, such a map is of limited reliability and
 
utility. This in turn directly affects the sample design, the resulting

statistics, policy determination and resources allocation decision.
 

The Department of Census and Statistics has a stated requirement

for new and current land-use data over the entire country, aggregated at
the two-acre level, or smaller. The proposed Agricultural Base Mapping

Program would provide the basic material and data needed to compile such.
 
a land-use map.
 

2. Irrigation
 

If Sri Lanka is to approach self-sufficiency in food-grain
production, it must rely heavily upon irrigation projects designed to bring

new lands under cultivation and to insure adequate supplies of water in

presently cultivated areas. Planning, design, engineering, and construc
tion of such projects are responsibilities of the Irrigation Department. 
The
Department conducts soils and land-use surveys in support of irrigation project
planning and design. 
Accurate maps and geo-specific land-use information at
appropriate levels of detail are necessary inputs. Similarly, detailed
 
and accurate topographic 
maps are required to support engineering and 
construction operations. 
These programs cannot be completed in the
 
absence of st',h basic information.
 

The Udawalawe area provides one interesting (and typical)

example of the quality and completeness of the existing information

and its impact on development planning. This area is the site of a 

base
 

proposed major agricultural development and resettlement program. Aerial 
photos of the same area p_'oduced in 1956 (the basis for the current
 
national base map) and 1972 are so different th they seem to be of two
 
separate areas. Various maps compiled from the 
 irly photos based on
 
more recent field surveys exclude major featur including a sizeable
 
reservoir.
 

Photographs taken in 1976 by the team show thatRDA the
changes in land use that have taken place in the last four years are of such

magnitude that it is almost impossible to orient these photos with the1972 mapping photography. Obviously, project planning based on existingoutdated maps would have serious implications for the development of a viable
project. This not isolated example. Itis an is repeated may times 
throughout Sri Lanka.
 

3. Land Use and Agriculture
 

The Land Use Division of the Irrigation Department has noted 
a minimum requirement for iew aerial photography and mapping overof 
750,000 acres per year for "priority areas" alone, and have pointed out
 
that they could both use and would like to have much more than this.
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The Department of Census and Statistics noted that the 1961 land-use maps

aggregate land use at the ten-acre unit level, and that with the recent 
emphasis on land reform, resettlement, and small farmer production this 
level of aggregation alone make the data unusable for current purposes.
A definite requirement for new land-use data, aggregated at the two-acre
 
unit level or smaller, exists for the entire country. The Director of 
the Department of Agriculture has stated that new and current aerial
 
photography is essential to the completion of projects for which he is
 
responsible. It is required as base material for agro-ecological analysis,

efficient definition of areas suitable for multiple-cropping, for
 
soils conservation planning and effective watershed management.
 

Similar requirements for aerial photography, photogrammetry, and map

production were expressed by almost every agency or organization visited
 
by the RDA team.
 

In sunmary, there is a definite need for improved agricultural and
 
land-use information in Sri Lanka to support current programs and future
 
development. In the absence of such information, these programs and
 
development plans will be seriously and adversely affected. 
This in turn
 
will have a direct and adverse impact on the economy, of the country and the
 
lot of the poor majority who are primarily dependent upon the agricultural
 
sector. A properly designed and executed agricultural/land-use base mapping 
program can provide this necessary information base. GSL agencies charged
with the conduct of development plans and programs need and can effectively 
utilize this information.
 

B. Issue: APAC noted that PP should contain a priority listing of
 
areas of the country to be photographed and mapped and should indicate
 
how these relate to GSL agricultural plans.
 

Response: Figures 11 and 12 of the Technical Annex show the priorities
 
for initial aerial photography for preparation of the 1/50,000 and
 
1/10,000 base map. It is anticipated that these areas will be modified
 
depending on when the aircraft is first available for flight and the
 
corresponding prevailing cloud cover in Sri Lanka. 
Since basic photography

for use in both 1/50,000 and 1/10,000 scale maps will be available relatively

early in project life, the Survey Department will have the flexibility
 
to concentrate on production of those maps that are most needed at the time.
 
It is not realistic at this time to project which waps will be produced
 
first beyond the broad priorities in Figures 11 and 12. Subsequent GSL
 
decision will determine production priorities.
 

C. Issue: The PP should contain an analysis of the additional Survey

Department staff necessary to handle the increase workload the project will
 
permit and should identify the source of this staff.
 

Response: Essentially the Survey Department is currently staffed to
 
implement the project. Provision of equipment, modifications to procedures,

and on the job and short-term familiarization training will increase
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significantly the productivity of existing staff. Current judgment is
that less than 20 additional personnel will be required in the area of 
photo-compilation and scribing (now there are 139). These will be 
recruited and retrained personnel already in the Department. Professional 
staff of the Department now number approximately 963, not all of whom 
are needed on the project. 

D. Issue: APAC noted expendable supplies equalled roughly 25% of the
 
proposed loan and wondered what proportion of Survey Department expenses
for expendables this total represented. If it represented a high pro
portion of expendables APAC suggested the Mission work out an arrangement
for GSL FX financing of expendables in increasing proportional amounts 
during the life of the project to insure GSL FX financing for expendables 
once AID participation in the project ends. A corollary issue is
 
the FX cost of maintaining output at the level required to provide
needed maps once AID participation ends, and the GSL commitment to 
provide funds for this purpose.
 

Response: Under the revised project budget the cost of expendable
supplies under the project is $854,700, which represents 19% of the total
 
loan and 13% of the total project costs. It includes all of the expendable

supplies under the project which must be purchased with foreign exchange
and no expendable supplies for the many other Survey Department activities. 
Foreign exchange expenditures to maintain output level after AID participa
tion in the project is completed are estimated to be $338,000 at current 
prices. This represents 6% of the Survey Department's normal annual 
budget. Given these proportions and the extent of the host country's

contribution to the local costs of the project, the Mission feels it is
 
not necessary to require the borrower to make a further contribution to
 
the FX costs of the project. The loan agreement will contain the normal
 
covenant regarding host country contribution of funds necessary to
 
implement the project. Whether or not the small amount of foreign exchange 
resources will actually be allotted withiL the GSL to the. Survey Department
six years from now will of course be dependent on a number of factors, not
the least of which will be the usefulness of the Department's product to
 
the various organizations within the government.
 

E. Issue: APAC suggested consideration during project analysis be given
 
to changing the Survey Department's budget system to require user agencies 
to pay the Department for the products they require thereby justifying
such expenses in their budget presentation rather than in the Department's
budget request. It was thought this arrangement would flush out other 
agency interest in the project. 

Response: The procedure suggested would require revamping the
 
entire GSL budget system and met with no enthusiasm by either the 
Survey Department or other organizations in the GSL. Since the change
is not important to the project, the Mission does not feel it is useful 
to pursue the idea further within the context of the project. 
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F. Issue: 
 APAC stated the PP should detail contractual arrangements
 
to implement the project. 

Response-
 Such arrangements are outlined in the implementation

plan and detailed ir the technical annex.
 

C. Issue: While the necessity for, and advisability of, AID financing
a plane for the Survey Department was agreed to during the PRP
 
review, alternative arrangements were pursued during the period of
 
PP preparation. Once again the necessity for a plane in the hands

of the Survey Department was corfirmed. Contract flying was found
 
to be much more expensive and would leave the Department without 
the capacity to update maps with new photography and provide project
specific and area maps of larger scale. To 
 minimize risks and give

greater assurance of an early photo resource for maps, it was agreed

that initial flying would be done by a contract pilot and photogramnnetrist

who, while photographing a large proportion of the country would also

train Sri Lanka Air Force pilots in the special techniques of flying
for aerial photography and who would familiarize Department photo
grammetrists with the new equipment.
 

H. Issue: APAC suggested amplifying arrangements to insure maximization
of use of map and photo products, noting that while a Survey Research
Center as proposed in the PP looked good, other approaches might be
 
feasible. 

Response: 
 The concept of the Survey Research Center was broadened
 
to a "User Assistance Center" to include training in country and
abroad (short term) for user agency personnel. 



Part I. PROJECT BACKGROUND AND DETAILED DESCRIPTION
 

A. Background
 

Sri Lanka has a population of about 14 million people. Although the popu
lation growth rate has slowed to 1.7 percent per annum, a population of
 
about 20 million by the turn of the century is predicted. In 1973, roughly

80. percent of the population was rural. Farming provided 50 percent of
 
the total employment with the rural non-farm population directly dependent
 
on agricultural related activities for employment. Inthe same year, the
 
agricultural sector was estimated to provide 33 percent of the Gros:
 
Domestic Product and 78 percent of all export earnings. Sixty perceit of
 
crop lands inproduction are composed of holdings of less than five acres
 
and 28 percent in held in untts of less than one acre. Major structural
 
transformation in the Sri Lankan economy is not anticipated, and the
 
relative importance of the agricultural sector is likely to remain.
 

Traditionally Sri Lanka has relied on the agricultural export sector to
 
provide the wherewithal to purchase food to meet domestic consumption

needs. Food, particularly food grains, represent roughly 50 percent of
 
Sri Lanka's import bill. The GSL has a major policy objective the achieve
ment of rice self-sufficiency. Inthe political economy of Sri Lanka,

agricultural development is also viewed as a principal means to expand

employment opportunities, as well as central to improving the absolute
 
and relative welfare/income levels of the rural population.
 

Agricultural and rural development require planning and decisions on re
source allocations at many levels. These range from macro and large scale
 
project planning by the central government ministries to small scale
 
proje'ts Carried but by Iocal government. 

A basic requirement for this planning process at all levels isup-to-date

information on land-use patterns, physical terrain, location of infra
structure, property boundaries, location of villages and population

centers, and dimensions and layout of project areas. A major tool for
 
providing this information in Sri Lanka,-as inother countries, is a
 
national base map as well as more specific area and project maps. InSri
 
Lanka, however, these maps are both deficient in coverage and poor in
 
quality. The major reason for this isthat the existing base maps was
 
prepared from aerial photography taken in 1956. While area and project
 
maps have been produced from aerial photography flown in 1972, acquisition

of up-to-date photography on a wider scale, and now even on a small scale,
 
is not possible since the only aircraft which was modified and available
 
for this purpose is twenty years old, has long outlived its useful life,

and is now permanently grounded. Inaddition, even ifphotography were
 
available, existing map production equipment'is insufficient to produce

the national base maps in a timely fasion. Current inadequate facilities
 
and production procedures compound the problem.
 

Thus, while demand for maps by the Ministries of Agriculture and Lands,

Planning, Irrigation Power and Highways and a host of other Ministries,
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Departments and Boards has increased manifold, the ability of the Survey
Department within the Ministry of Agriculture to provide these maps has

decreased substantially.
 

Consequently, the Survey Department has developed a program which provides

for the renovation and replacement of existing facilities and equipment,
the acquisition of new equipment, and the provision of technical assistance and short term training which will enable it to meet current and
projected demands for maps and related information products. The Govern
ment of Sri Lanka has requested AID assistance infinancing and implement
ing this program.
 

The project proposed by the Survey Department was reviewed in November

1976 and Spring 1977 by technical experts provided by Resource Development Associates (RDA). under an IQC with AID. 
RDA prepared two extensive
 
reports on the project: 
 "A Program Assessment and Evaluation" and "Program Design and Recommendations" which confirmed the validity of the
proposed program, flushed out project details, implementation procedures
and timing, and which provided accurate cost estimates for the project.
As a result of these investigations a "User Assistance Center" was added
 as a component of the project in order to maximize use of maps that will

be produced. The RDA findings were reviewed and accepted by the Survey
Department and at the request of AID were further reviewed by the U.S.

Geological Survey (USGS). Following a series of meetings with the
Deputy Survey 
General of Sri Lanka, AID personnel and RDA consultants,
USGS also confirmed the technical validity of the proposed project.
 

B. Detailed Description
 

The project described in this section aims at meeting the current 4nd

continuing national photogrammetric and cartographic requirements of the
various governmental agencies responsible for development planning and

project implementation in Sri 
Lanka. Analysis of alternative means to
providing the maps and information required on a continuing basis has

confirmed that the appropriate approach is to enhance the existing

capacity of the Survey Department.
 

The U.S. contribution will finance the foreign exchange cost of the

inputs which are: 
 (1)capital equipment consisting of photographic,

triangulation, compilation, laboratory equipment and vehicles as well as
an aircraft; (2)expendable supplies including film, paper, and chemicals;

3) technical assistance both long term (36 pm) and short term; and
 

short term training in-country and abroad.........
 

The Government of Sri Lanka will finance the sizeable local
cost of inputs such as facility renovation, manpower, and local maintenance, fuels,and supplies. 
 In addition much of the map preparation,

production, and printing will be done with existing Survey Department

equipment.
 

During the first year of the project, implementation activities will
relate primarily to renovation of existing facilities, equipment and
supply procurement, reorganization of production procedures, familiar
ization training, flight planning and contractual arrangements for technical
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assistance and aircraft equipment maintenance. 
This will lead to initiation of aerial photographic coverage with the plane to be provided under
the project within one year of satisfaction of conditions precedent.
During this first stage of the project an expatriate pilot (6-9 pm) and
photogrammetrist (4-6 pm) will fly and photograph the country while-training Sri Lankan Air Force (SLAF) pilots in the special techniques of
flying for aerial photography and familiarizi.ng'Survey Department photogrammetrists with the techniques to be used. 
Subsequently, the plane
will be flown by SLAF pilots and crewed by Survey Department personnel.
 

Trained pilots and photogrammetrists will be available in the second
year of the project. FamiliarizatIon training related to map production
will be completed in the first 18 months of the project.
 

As photos become available the Survey Department will begin production
of a base map of the country at 1/50,000 scale and 1/10,000 scale.
Flight lines and coverage will be planned to coincide with priority

mapping needs.
 

Nationwide map coverage at 1/50,000 scale (amajor project output) will
be completed within 18 months of initiation of flying. Complete coverage at 1/10,000 (another major output) will be available within six
years of initiation of flying. 
The initial 1/10,000 maps produced will
utilize the same photography used for the 1/50,000 map series. 
 Later
1/10,000 maps will utilize new photography to insure that in general the
1/10,000 maps are based on photography no older than two years. 
 Following project completion the Survey Department will continually update the

1/10,000 base map series.
 

The output of larger scale (1/1000 - 1/10,000) maps will occur throughout
the project beginning late in the second year on a 
project specific or
 area. specific basis.
 

During the second and third years of the project the User Assistance
Center will be equipped aitd Survey Department staff for the Center will
be provided with familiarization training to maximize its potential.
During this period training will also be initiation for staff of the
Agencies that will need to use the Center for interpretation and analysis
of maps and photography they'require. 
This Center will provide a
facility for analysis by the user Agencies. The Survey Department will
not be charged with carrying out the analysis the user agencies may
require. 
While the Center will be operable in the third
year, it.will reach its major potential toward the end of the project.
 

The achievement of th,._ outputs, a 1/50,000 base map, a continually updated 1/10,000 base map, larger scale maps as 
requested by user agencies,
a functioning 0fr'r Assistance Center, and trained Survey Department staff
will meet the ..
,dpping requirements of rural development in Sri Lanka 
-
the project purpose.
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The availability and utilization of the up-to-date information derived
 
from the maps produced by the Survey Department will be a key ingredient
 
in the planning necessary to achievement of the sector goal of improvement
 
of the living standard of the rural people in Sri Lanka.
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PART 3 - Project Analyses 

(A) Technical Analysis 

The technical analysis of the project was prepared by
Resources Development Associates and reviewed by staff of the U.S. 
Geological Survey. The analysis is included as Annex B. The 
analysis includes a detailed description of tia project, an explanation
of possible alternatIve approaches to project design; confirmation of
 
the validity of the proposed project; detailed cost estimates; and
 
positive conclusions regarding the appropriateness of the technology

selected and its suitability for application to Sri Lanka by the
 
implementing agency. 

The thorough RDA and Survey Department analysis, coupled with 
review of the RDA report by USGS give assurance that the technical 
design is reasonable, the cost estimates are reasonably firm, and that 
adequate planning has taken place. 
The project meets the requirements
of FAA Section 611 (a) and (b). The project has no negati-ve environmental 
implications, however 
it will provide key data important to an under
standing of the environmental effects of rural development projects.
An IEE has been prepared for this project recommending a negative 
determinaticn. 
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B. Financial Analysis and Plan
 

1. Implications for the Budget of the Implementing Agency
 

The budget of the Survey Department during the years 1972-1976

has averaged the local 
cost equivalent of $5.5 million/year

($l=Rs7). 
 The 1976 budget was $6.2 million equivalent. The
local cost contribution of the Department to the six year

project of $1.9 million equivalent equals $316,000 year. 
This
contribution equals 6 percent of the average longer term budget
and 5 percent of the 1976 budget. Thus, the project will have
a 
negligible impact on the budget of the implementing agency.
 

Once AID participation in this project terminates the ongoing
local costs of maintaining output (essentially staff salaries
and local maintenance) will be subsumed under the ongoing budget
of the Department with little impact on the current level of
expenditures. 
Additive foreign exchange expenditures of $338,500/

year as detailed in the following pages will be required to maintain production at the level intended. 
This additive cost represents 6 percent of the five year average budget. Itis assumed
that six years from now the GSL will be willing to allocate this
small amount of foreign exchange to the Department's foreign

exchange account.
 

The Survey Department has budgeted sufficient funds for the initial

yearof the project. The loan agreement will contain a covenant
that the GSL will provide the local financing required over the
life of the project.
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2. CONTINUING FOREIGN EXCHANGE COSTS 

At the end of the six-year period covered by the proposed
 

project, Sri Lanka will have new and complete national map
 

coverage at 1:50,000 and 1:10,000 scales, and nationwide photo
 

coverage at 1:50,000 scale which will be no more.. than five years
 

old. These data will provide a solid information base for
 

regional and detailed planning and development activities,
 

and in fact such activities will be well underway before the
 

six-year point. Some of these will be direct outgrowths from
 

or supported by the new User Assistance Center, which may well
 

experience significant growth during the latter years of the
 

project as more GSL professionals become familiar with new
 

techniques and equipment available. If these data and the Center 

are to continue to serve Sri Lanka's information needs, then 

some new photography and map up-dating will be required, and 

some foreign exchange will be involved Estimates presented 

here assume a 10% annual updating requirement. Some parts of 
Sri Lanka will certainly require updating at a faster rate, and 

the aircraft system will be in continuous use for other lower 
altitude projects, outside the scope of the present Agricultural
 

Base Mapping Program. The 10% figure provides only a reasonable
 

average quideline.
 

A. Equipment
 

Reserve for equipment replace/overhaul, estimated 
at 10% of original cost annually beginning at 
completion of currently planned Agricultural 
Base Mapping project.............. . . . . . $176,000 

is
 



B. Materials
 

Photo Acquisition, Aircraft Operations
 

1. 	Aviation fuel and oil, per year 
 $ 2,100 
2. 	Reserve for engine overhaul (overhaul
 

costs allocated totally to this

program) 
 9,500
 

3. 	Miscellaneous items (total allocation) 
 1,000
 
4. 	Aircraft insurance (total allocation) 9,000
 

$21,600
 

Photographic Laboratory (Air Survey and Map Production)
 

Film, paper, chemicals and related items 
. .. . $21,200
 

Map 	Production (Drawing Office) 
............. 
 $ 4,700
 

Map 	Production (Litho Branch) ........ .• .... $33,000
 

User Assistance Center
 

Assumes expanded use of color and color infrared

materials, and additional work with data from
 an improved LANDSAT satellite series 
. .	 . . . . $ 5,000 

TOTAL MATERIALS . . ........... 
 . .	 . . . . .$85,500 

C. Technical Training. 

Continued training and attendance at key

international conferences to maintain
 
technical proficiency and knowledge of.
state-of-the-art .
...... 
 .............. 
 $ 17,000 

D. Maintenance and Fuel for Field Operations .......... 
 $ 60,000
 

TOTAL ANNUAL COSTS (Including Reserve as
Annual Cost). . . . . . . . . . - . . .. . . $338,500 
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3. Financial Plan/Budget Tables
 

Total project costs are $6,418,000 of which AID will finance the 
foreign exchange and certain local costs totaling $4,500,000,
and the GSL will finance project costs of $2,041,000 equivalant.
Th,, host government counterpart contribution is 30 percent of 
the total project cost. 
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SUMMARY COST ESTIMATE AND FINANCIAL PLAN
 

Source AID GSL
 
Equipment
 

Photo Acquisition, Aircraft and Accessories $ 552,500
 
Field Control and Edit 360,000
 
Triangulation 167,400
 
Compilation 258,400
 
Photographic Laboratory 194,400
 
Map Production (Drawing Office) 41,600
 
Map Production (Litho Branch) 108,800
 
User Assistance Center 68,200
 
Doppler Satellite Positioning 10,000
 

Total, Equipment . ....... $1,761,300 $ 642,000
 

Facilities
 

Total, Facilities. . . . ... $ 100,000 36,000 

Materials
 

Photo Acquisition, Aircraft and Accessories $ 242,800 123,000
 
Photographic Laboratoiy 212,200
 
Map Production (Drawing Office) 46,700
 
Map Production (Litho Branch) 330,000
 
User Assistance Center 17,000
 

Total, Materials .. . . . . . $ 840,700
 

Technical Training
 

Total, Technical Training. . . $ 254,000
 

Technical Assistance
 

Total, Technical Assistance.... $ 503,000
 

Personnel 940,000
 
Fuel and Maintenance 300,000
 
Subtotal. . . . ........ . . . . . . . . . $3,467,000
 

Contingencies (@ 10%)....... . . . . . . 346,700
 

Subtotal ......... ..................... .$3,813,700
 

Inflation Factor (@ )8%) . . . . . ... . . . . . . 686,300 

TOTAL COST . . . . . . . . . . $4,500,000 4ZU41,000 
18 



DETAILED LOAN BUDGET
 

M9IPMENT 	 _____Order 

Photo Acquisition, Aircraft and Accessories 

1. 	 Aircraft, Cessna 421C or equivalent 
(pressurized, twin-engine, reciprocating,

30,000 feet service ceiling.), deliv.red.:in
 
Sri Lanka. To include basic-pilot checkout/

maintenance traininq prograi'in Sri Lanka. $385,000 12/77 

2. 	 Equipment spares and special tools 110,000 12/77 

3. 	Aircraft modification for aerial 
photography (NF-Z, B3, and RC8/10 
installation) 40,000 12/77 

t. 	B3 Driftsight 1,000 12/77
 

5. 	 Statoscope 500 12/77 

6. 	 Renovation. of existing survey Department /12/77 
RCS cameras 16,000 12/78 

Subtotal $552,-500
 

Field Control and Edit 

Vehicles for establishment of ground 
control (4-wheel drive, long wheel base,
 
canvas top, plus spares and shipping) 
40 ea.-@ $9,000 	 $360,000 3/78
 

Triangulation 

1. 	Kern PG2-AT Stereoplotter/Digitizer/
 
Coordinatograph (2 ea. @ $55,000) $110,000 3/78
 

2. 	IBM 545 Card Punch (2 ea. @ $6,200) 12,400 3/78
 

3. 	Kern MK-2 Monocomparator 45,000 3/78 

Subtotal, Shipping Costs 
included 	 $167,400
 

As Revised August 1977
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Compilation 	 Order
 

1. 	Wild Ab Autograph, with PPO-8 Orthoplotter $150,000 3/78
 

2. 	Aviotab TA Coordinatograph attachments
 
for B8 units (4 ea. @ 25,000) 100,000 3/78
 

3. 	Wild ST-10 Strip Stereoscope 600 3/78
 

4. 	Wild glass scales 4,100 3/78
 

5. 	Mini-computer (Hewlett Packard 3060 or equal) 3,700 3/78
 

Subtotal (Shipping dosts included) $258,400
 

Photographic Laboratory (Air Survey and Map Production)
 

iL Kodak Model IIC-M Versamat Roll Processor $ 25,000 3/78
 

2. 	MAFI PLbcessor 2,000 3/78
 

3. 	Litho Sheet Processor, Kodalith 324 22,500 3/78
 

4. 	Mark IV Log-E Printer, with roll head 2Y,000 3/78
 

5. 	Vacuum back for Lanston copy camera 4,000 3/78
 

6. 	Pulsed Xenon lamps (6 pair) 10,200 3/78
 

7. 	Whirler Coating Machine 4,300 9/78
 

8. 	Graining Machine (3 @ 8,600) 25,800 9/78
 

9. 	Map reproduction machine 43,300 9/78
 

10. Printing down frame 	 3,700 3/78
 

11. Color sensitometer 	 2,000 3/78
 

12. Transmission/reflection densitometer 	 2,000 3/78
 

13. Point light source (for vacuum 	frame) 450 3/78
 

14. Photographic equipment (miscellaneous) 	 2,500 3/78
 

15. Darkroom and process equipment 	(miscellaneous) 4,000 3/78
 

16. 	 Shipping costs (= 10%) 17,650 3/78
 

Subtotal $194,400
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Map 	 Production (Drawing- Office) Order 

I. 	Scribing.tool holders (10 ea. @ 15) 
 150 3/78 
2. 	 Scribing cutters (100 ea. @ 5) 500 3/78 
3. 	 Registration punch machine 2,000 3/78 
4. 
Reflecting projector, Map-0-Graph or egqul 4,200 3/78
 
5. 	Line contact screens (16 ea. @ 125) 
 2,000 3/78
 
6. 	Photo composing machine, Photron 
 25,000 3/78
 
7. 	Drawing room equipment (miscellaneous) 
 4,000 3/78
 

8. 	Shipping costs (@ 101) 
 3,750 3/78
 

Subtotal 
 $ 41,600
 

Map 	Production (Litho Branch) 

1. 	 Litho offset printing machine(AO 	 size,, print 33'A x 46/. inches) $ 	87,000 3/78 
2. 	 Guillotine Paper Cutter (AO saze) 7,900. 3/78 
3. 	 Litho room equipment (miscellaneous) 4:,000 3/78 
4. 	Shipping costs (@ 10%) 
 9,900 3/78
 

Subtotal $108,800
 

User Assistance Center
 

1. 	Richards 940 Light Table (3 ea. @ 2,000) $ 6,000 6/71
 

2. 
B & !t 240 R Stereomicroscope, with bridge
 
attachment for 940 
 10,000 6/78
 

3. 	B & L Zoom Transfer Scope, Model ZT4-H,
 
with photo attachments 
 7,000 6/78
 

4. 	12S Multispectral Camera. 
 10,000 6/78
 
5. 	I S AddCol Additive Color-Viewer, Model
 

6040-PT-210, with print frame head, exposure
control, ND filters and film kit 
 19,000 6/78
 
6. 	 -Portable spectrometer 5,000 6/78 
7. 	 Ground truth camera, projector and accesories 1,500 6/78 
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8. Miscellaneous test, calibration and support
equipment 

9. Reference material, publications and 
training aids 

10.. Shipping costs (@ 101 

Subtotal 

1,000 

2,500 

6,200 

$ 58,200 

Order 

6/78 

6/78 

6/78 

Doppler Satellite Positioning 

Equipment lease $ 10,000 

TOTAL, EQUIPMENT. $1,7_61,30-G 

Facilities (As Revised August 1977) 

Air conditioning, temperature and humiditycontrol system, positive air pressure(Triangulation, Compilation, Photo Lab,Drawing Office, Litho Branch, Su.vey Research 
Center)
Foreign exchange component only $100,000 

Order 

12/77 

TOTAL, FACILITIES. . . . . . . . . . .. $100,000 
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3. MATERIALS
 

Photo Acquisition, Aircraft Operations
 

1. 	Aviation fuel (based 
on Cessna 421C operation,

ref. section 4.5.1)

12,900 gallons/year @ Rs. 15.91/US gallon,

Rs. 10:US $1, $20 ,500/year, six years $123,000
 

2. 	Aviation oil (ref. section 4.5.1)

96 gallons/year @ Rs. 48.10/US galion
$460/year, six years 
 2,800
 

3. 	Reserve for engine overhaul (based on
 
Cessna 421C (ref. section 4.5.1)

$9,500/year, six years-
 57,000
 

4. 	Miscellaneous (tires, lights, lubricants,
 
cable, connectors, etc.)

$1,000/year, six years 
 6,000
 

5. 	Aircraft insurance,$9,000/year,six years 
 54,000
 

Subtotal $242,800
 

Photographic Laboratory (Air Survey and Map Production)
 

1. 	Original negative film, Plus-X Aercgraphic
 
or equal, including reflight allowance, 25
rolls in 1st year, 5 colls/year for 5 yeart
@ $100/roll 
 " $ 5,000

2. 	Diapositives, Aeroqraphic Positive, 25 rolls
 
in lst.year, 5 rolls/year, 5 years, @$110/roll 
 5,500
 

3. 	Transparency duplicates, Aerographic

Positive, Z5 rolls in 1st year, then 5 rolls/

year, 5 years, @ $100/roll 
 5,000
 

4. 	Photo indexes, single weight, glossy,matte

dried, 10,000 prints, 100 boxes (100 sheets/

box) @$65 
 6,500
 

5. 	Contact prints, double weight, semi-matte
 
4,600 exposures @ 3 prints each

276 boxes (50 sheets/box) @ 65 
 17,900
 

6. 	Copy paper, 24x30 in., 2,000 sheets, 80
 

boxes (25 sheets/box) @ 35 
 2,800
 

7. 	Litho films, 24x30 in., 17,000 sheets 
 60,700
 
8. 	Diapositives, Aerographic Positive, 10" 
x 10"


sheets, 7 mil Estar base (to replace current
14" 
 glass plates) 50 sheets/box, 100 boxes in
 
1st year, then 20 boxes/year for 5 years,

@ $50/box 	 23 
 10,000
 

*to be financed by GSL per APAC cable. 



9. Color proofing plastic 18,000
 

10. Processing chemicals: 

Dektol 
Kodak Rapid Fix 
Versamat Type B 
Litho Developer 
Hypo 
Diazo Sensitizers and Solutions 
Litho Plate Chemistry 

11. Color proofing emulsions 

12 Glass marbles (16,000 kg) 

13 Plates, zinc and aluminum 

500
 
400
 

2,400
 
3,000
 
1,500
 
1,800
 
2,C00 11,600
 

.i,100
 

40,000
 

8,800
 

14. Shipping and miscellaneous (= 10%) 19,300 

Subtotal $212,200
 

Map Production (Drawing Office)
 

1. Ink 
 1,400
 

2. Adhesives 
 1,400
 

3. Negative opague 


4. Stripping films 
 2,200
 

5. Peelcoat material, 6,000 sheets I1 000
 

6. Plastic drafting material, 20,000 sheets 24,000
 

7. Miscellaneous items 
 6,000
 

Subtotal $ 46,700
 

Map Production (Litho Branch)
 

1. Machine dressings, litho materials $ 12,000
 

2. Litho printing paper 300,000
 

3. Printing-ink 
 6,000
 

4. Miscellaneous items and parts 12,000
 

Subtotal $330,000
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1.. 	Color IR film and processing $ 3,000 

2. 	Color film and processing .3,000
 

3. 	B/W IR film and processing 2,000
 

4. 	Cibachrome film, pZint materials and"
 

processing 3,000
 

5. 	Duplicate transparencies 3,000
 

6. 	Contact prints; copy paper 


7. 	 Miscellaneous items 2,500 

Subtotal $ 17,000 

TOTAL MATERIALS .. . . . ... . .. . ... $854,700 

25
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4. 	 Technical Training (As Revised August 1977) 
 Order
 
1. 	Remote sensing training course/seminar in
Sri 	Lanka 
 $ 40,00.0 9/78 
2. 	International conference/symposia attendance
4 trips/year, six years, 24 @i2500/trip 
 60,000
 

3. 	USGS training courses in US 
(transportation
and 	per diem only), 3 courses, 1 month each,
6 attendees at each course, 18 man-trips
@ 3500'each 

63,000
 

4. 	International study fellowships

10 each @ 8000, 3 months each 
 80,000
 

5. 	Equipment familiarization course 
(Kodak)
in Sri Lanka 

11,000
 

TOTAL, TECHNICAL TRAINING. . . . . . ............ 
 $254,000
 

Technical Assistance
5. 	 (As Revised August 1977)
 

One 	"long-term" technical advisor 
(36 	months)
and 	25 man-months of "short-term" technical
specialists over a five year period, including
6 months for a photo pilot and 3 months for
a photographer for Sri Lanka crew training.

Contract costs, including mobilization
demobilization, per diem, and related
 expenses 


$503,000
 

TOTAL, TECHNICAL ASSISTANCE. 
. . ........... 
 $503,000
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(c) SOCIAL ANALYSIS
 

A central concept of AID policy is the need to assure that the
institutional and other developmental benefits which result from AID
_progr hae__a direct and positive effect upon the lives of the poormajority of the people in the nations to which AID provides assistance.In order to accomplish this "spread effect" certain basic data is essential. 
 To quote AID Handbook 3 on Social Soundness-Analysis;
 

.. 
a first step should be a mapping of the area to be affected
by projects and programs in such a 
way that population density,

location, ethnic or significant tribal affiliations, languages,
religions., and political orientations, are all depicted in relation to prevailing patterns of economic activity...."l
 

The purpose of the project being described in this paper is "to meet the
 
mapping requirements of rural development in Sri Lanka."
 

The present situation in Sri Lanka is that the governmental agencies
depend upon the Survey Department for the provision of such essential data
and maps and that the Survey Department's capability to compile and produce such data and maps is seriously inhibited. By providing the Survey
Department with the commodities, fraihLixg-andtechnical assistance necessary to perform various mapping-and-data-collection assignments, the
project will enable the GSL to move ahead in its developmental efforts.
 

In tandem with developing the capability to produce the necessary
data and maps the project implementation plan calls for the formation
of a "User Assistance Center." 
 The function of such a Center will be to
provide the analytical facility necessary for proper utilization of Survey
Department material by various governmental agencies charged with program
planning and project implementation. 
During the initial feasibility
studies of the proposed project RDA interviewed fourteen major governmental
agencies that continually request the type of information that will be
supplied by the Survey Department as a direct result of the implementation

of the project.
 

Each of these agencies has a program which directly affects the
GSL's ability to initiate projects and programs impacting upon the lives
of the target population. The way in which data of the type that will be
produced under the project has been and will be used is described in the
response to the first issue noted on page three of this project paper.
 

The project, of itself, will have only an indirect impact upon the
lives of the target population. 
The data and maps which will continuously
be generated as a result of the implementation of the project will have a
very definite and direct impact upon the GSL overall ability to plan and
implement development projects and programs which are socially sound and
have a positive effect upon the lives of the people of Sri Lanka.
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(D) Economic Analysis
 

The project is not a "...revenue-producing project or a project
whose outputs translate realistically into monetary equivalents."

Rather the project is
one 	"...whose primary outputs are technical assistance

and/or institution building" in nature. 
It therefore becomes appropriate

to view the economic analysis of the project in terms of "cost-effective
ness rather than "cost-benefit". The following section will be devoted
to such a cost-effective economic analysis, which thoroughly examines
the various alternative means of achieving the desired output levels
and to the project design recommendations resulting from such an analysis.
 

1. 	Ground Survey vs. Aerial Photography
 

In order for an initial choice to be made for the overall technique
to be used in the collection of primary data for the required resource
 survey and/or mapping essential to the achievement of the project purpose,
the technique chosen must satisfy one or more of the following conditions;
 

1. 	It must provide the required information,
 

2. 	It must do so in a least costly or most timely manner, and
 

3. 	If more costly than other alternative techniques, the chosen

technique must provide the information in less time and
 
time must be shown to be a critical parameter of the project's
 
success.
 

Once an overall technique has been chosen, a selection of the
particular combination of methodology to be recommended in the project

design must be made. 
The key questions to be answered by these recommended
 
design combinations are:
 

1. 	How should the data be collected (ground vs. aerial survey
 
methods)?
 

2. How should the data be compiled and presented (cartographic
 
maps vs. alternative formats)?
 

3. 	Who should do the job (contract services vs. internal
 
capability)? 

In most countries of the world, regional surveys and mapping
operations are seldom undertaken without the support of some form of

aerial survey technology. A substantial number of studies have been

performed in recent years comparing both costs and effectiveness of air
borne vs. 
ground survey. These studies, done primarily in the United

States and Latin America, have shown that aerial surveys can be accomplished

in much less time and at 2 to 10 times less cost than ground methods of

comparable or less accuracy. 
In many cases, aerial methods provide the

only practical solution to 
the 	problem at hand, as for example when physical
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access to a region is impossible on the ground or when the phenomena
to be investigated changes with time. In other cases, where large-scale
close-conto ur. surveys are required over accessible and relatively smallground areas, the traditiona: ground survey methods may be more appropriate. 

Agricultural and land use informatfon is vital to the existing

and future requirements of development planning 
 in Sri Lanka. Theinformation which is now available is for the most part either 20 yearsout-of-date, or totally unavailable. Given that the Government of
Sri Lanka is desirous of moving ahead on planning and 
 implementation
of projects as soon as possible, it becomes obvious that the element
of time is a critical determinant of which technique, aerial vs. 
ground

survey, will eventually be selected as the major method of primary

data collection.
 

As noted earlier, previous studies have shown that agricultural

and land-use surveys can usually be accomplished in much less time
and cost through aerial methods than by more traditional ground-based

surveys. 
Aerial surveys, however, require substantial investment in
equipment. 
Aircraft are more expensive than automobiles. Photogrammetric

plotters are more expensive than plane tables. 
 In general, then,
aerial surveys tend to be more capital intensive than comparable ground
 
surveys.
 

Although the above is an undeniable reality, it is essential that
the project design consider the fact that the relatively short period
of time needed to accomplish the project purpose utilizing aerial surveytechnology, will enable the various 
user agencies to move ahead
 on their own developmental plans and implementation programs. As such,
there will be a broad-based generation of employment opportunities of a much
larger scale than any which might be the result of the selection
of the slower, but more labor intensive- ground. urvey. technology. 

A hypothetical example will be instructive in providingthe background for making the essential choice between aerial and ground

methodology. 
Assume a map is to be produced of a 5,000 acre area.
Moderate scale maps of small areas can in general be made with equal
accuracy from ground or aerial survey.
 

Labor and level of effort will vary with type of map desired.
A topographic map with 20-foot contours is assumed here. Basic data

collection for slich a map iswell within the capabilities of both ground
and aerial survey operations. Given these assumptions, the following
comparison appears:
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*Ground Survey. 5.000 Acres, -20-foot Contours
 

Direct Labor
 

1 Surveyor @ Rs. 600/month 7,200
 
10 Laborers @ Rs. 250/month 30,000
 

Supervision 1,800
 

Travel and Camp Expenses 1,900
 

Depreciation of Equipment 600
 

TOTAL COST 
 Rs. 41,500
 

COST PER ACRE 
 Rs. 8.3
 

TIME REQUIRED 12 months 

*Aerial Survey (Photogrammetric Plotting), 5,000 acres, 
20-foot-Contours
 

Cost of Photography Rs. 2,500 
Direct Labor

2 Operators @ Rs. 600/Month. 300 

Supervision 38 

Ground Control 500 

Field Checking and Revision 290 
(3 Field Days) 

Depreciation of Equipment .135 

TOTAL COST Rs. 3,763 

COSic Ir ACRE Rs. .75 

TIM4E REQUIRED 1 Week 

*Based on data furnished by the Survey Department, Ministry of 
Agriculture and Lands
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These operations do not depict the total cost of producing
a final map. 
Drafting, scribing, plate preparation, printing and
various other tasks still remain. 
These other tasks, however, are
 comon to both ground and aerial survey, with identical costs. The

ground and "aerial" operations described here will produce "base
manuscripts" of comparable quality, one in 12 months at Rs. 8.3/acre,

the other in 1 week at Ra 
 -Z/acre. The basic cost comparison is there
fore overwhelmingly (by Ito 1) in favor of the aerial approach.
 

The total land area of Sri Lanka is approximately 16 million
 acres. 
Utilizing the productivity rates developed here, 17 photogrammetric teams could complete the job in less than 4 years at a cost
of Rs. 4 million. The same job would require 800 ground teams

(8,800 individuals) at a cost of Rs. 132.8 million.
 

An additional indication of relative productivity of ground
and aerial surveys may be seen in that between 1968 and 1972, the only
years during which adequate aircraft maintenance and operational support
was available (reportedly a result of incentive contracting with. Air
Ceylon,, total Survey Department output was more than doubled.
 

The aerial approach would then appear to satisfy not one but
all three of the basic evaluation criteria: 

is 

it is less costly, it
more timely, and it provides needed information impossible to obtain

by alternative means.
 

With this point established, attention must be directed to the
question of what is to be the project specific combination of methodology
to be used. Most resource analysis tasks may be done through direct
interpretation of the aerial photography or through the use of photomosaics, without the intervening cartographic step. Development planning,
however, requires a planimetrically accurate base. 
The base maps
currently available in Sri Lanka are 20 years out of date and are at
too small a scale (1:63,360) to be useful for development planning.
It would appear, therefore, that the Agricultural Base Mapping Project
should produce both photography (for interpretation and analysis)

and cartography (for development planning purposes).
 

The next issue is whether the project should aim at the establishnent of a continuing national capability as opposed to contracting for.
services required. It 
seems obvious, however, that contract photo
coverage, at least, would be a one-time affair. 
 There are no commercial
aerial survey operations in Sri Lanka. 
This would mean a contract

with a foreign firm which would mobilize to Sri Lanka, collect data
currently required in as short a reriod of time as possible consistent

with job requirements, and then depart. 
It has become evident through
conversations with the several user agencies that such a service would
not adequately serve their needs. 
 They have expressed desires for photography at multiple scales and at various times of the year, and exact
requirements are difficult to 
forecast five or more years in the future.
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Alternatively, the Survey Department has the nucleus of an

aerial survey group and the basic equipment necessary. The biggest

and most obvious lack is an operational aircraft.
 

In the opinion of the RDA team, the needs of the Government of
Sri Lanka would be best served through a strengthening and re-establishment 
of a national air survey capability.
 

A final alternative method of data collection which was
 
considered is the use of the U.S. LANDSAT satellite system. 
It is evident,

however, that LANDSAT cannot provide the data with the degree of resolu
tion required for'the majority of current programs in Sri Lanka. 
In
 some areas, however, it may be of substantial use. The Survey Department
has initiated experime._s in this technical area that may lead to important
applications in the future. 
Further experimentation and the development

of pilot projects will be encouraged as part of the User Assistance
 
Center.
 

The following detailed description of possible alternatives is
useful in making the final selection of the most appropriate and mostcost effective method of providing the aerial photography and other
essential inputs to attainment of project purpose.
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Z. A COST COMPARISON OF ALTERNATIVES FOR AERI.!." PHOTOGRAPHY 

Given the existing structure and organization of the Survey 
Department in Sri Lanka, there are essentially three principal 
alternative approaches to producing the 1:10,000 agricult ral 
base map series for the country: 

A. Contract Operation
 

A package contract is let to a private firm, which

conducts all necessary operations, and produces

and delivers all of the required 1:10,000 base
 
maps
 

B. Combined Contract/GSL Survey Department Operation
 

A contract is let to a private firm for aerial
photography only. All photogrammetry, field work 
and related map production is performed by the

Survey Department with financial and technical 
assistance assumed to be provided through USA=
 

C. GSL Survey Department Operation
 

The Survey Department undertakes the entire task,with financial and technical assistance provided

through USAID 

Each of these alternatives is presented in detail. 
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A. Contract Operation
 

Package contract, to produce 1:10,000 scale four-color
 maps, 5-meter contours, 3,000 copies each, including
photo acquisition, ground control, all photogrammetry,

field iedit, and map production:
 

1. 25,000 square miles:@ $600/mi = $15,000,000'
2. 5,000 square miles/year, 5 years 
 .
 

@ $640/mi2 
1 
 $16,000,000
 

These figures appear to be reasonable for a completely

contracted package operation. As a further check, it might be
 
noted that the Pa Mong (Thailand) mapping project, involving
 
1:10,000 scale base maps on an area of 15,000 square miles, was
 
completed by Aero Service Corporation in 1968 at a cost of
 
$525/mi 2.
 At that time, it was the largest single commercial
 
mapping project in the world. 
Aero Service is the oldest and
 
largest photogrammetric firm in the world.
 

* Based on quotation received from Aero ServiceCorporation, 
April 4, 1977.
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B. Combined Contract/GSL Survey Department Operation 

Conttract Aerial Phdtoqraphy
 

It is assumed that a contract is let to a private commercial
 
firm to produce 1:50,000 scale aerial. photography at a coverage
 
rate of 5,000 square miles/year for five'years.. This photo coverage
 
rate would match the anticipated GSL Survey Department throughput
 
rate, assuming the required financial and technical assistance is
 
made available. Costs are calculated on the following basis:
 

1. 	Mobilization-demobilization, aircraft and
 
flight crew. $3,000 plus 18,000 miles
 
@ $2.25/mile 
 = $ 	43,500 

2. 	Aircraft and crew standby. .30 days @

$2,800/day 
 = 	 84,000 

3. 	1,660 flight-line miles @$15/linear

mile 
 = 	 24,900 

4. 	Support lab mobilization-demobilization 
 = 6,750 
5. 	Support lab stand-by. 30 days @$300/day = 9,000 
6. 	Per diem. 75 man'days @ $32/day - 2,400 

$17,5/year 
Five-year program @ $170,55.0/year = $852,750 

Inflation factor (@ 10%) 
 85,250
 

TOTAL 	 $938,000
 

* Based on rate quotation received from Mark Hurd Aerial Surveys, 
Inc., November 10, 1976 
** Production rates, stand-by time, mob-demob, and costs are 
consistent with those experienced on a similar aerial photography
project on 34,000 square miles in Chile, completed by Mark Hurd

in early 1976 for the InterAmerican Geodetic Survey.
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Survey Department Contribution 

USAID Supported: 

Equipment (less photo acquisition, aircraft 
and accessories) 

Facilities 

Materials (less photo acquisition, 
aircraft and accessories) 

Technical.training 

Technical assistance 

-

= 

-

-

-

$ 915,000 

100,000 

486,400 

110,000 

315,000 

Contingencies (@ 10%) 

£nflation factor (@ 10%) 

Subtotal 

Subtotal 

$1,926,400 

192,600 

$2,119,000 

212,000 

TOTAL $2,331.000 

GSL Supplied: 

Equipment (less GSL value attributed 
to inoperable Beech aircraft) 

Facilities 
** 

Labor and field support " 

= $ 434,400 

402,900 

745,000 

TOTAL $1,582,300 

* Based on Survey Department estimates and valuations contained 
in GSL proposal of January 1976, and on exchange rate of Rs. 7: US $1 

** Aircraft operation and aerial photography support is a very
 
small percentage of this figure, and is accordingly not deducted
 
here. To that extent, this figure is overstated.
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Total cost of combined contract/GSL Survey Department 
operation is then estimated as:
 

Contract 
 $ 938,000
 
GSL/USAID 21-331,000
 
GSL 
 it582,300
 

TOTAL COST $4,851,300
 

c.. GS. Survey Department Operation
 

USAID Supported: 

Equipment bnd Services (Pilot &Photographer) = $1,_474,500 
Facilities = 100,000 
Materials 643,700 
Technical training 110,000 
Technical assistance- 315,000 

Subtotal. $2,583,200 
Contingencies (@ 10%) 257,800 

Inflation factor 
Subtotal $2,841,000 

284,000 

TOTAL $3,195,000 

GSL Supplied:
 

Equipment 

- $ 434,400 

Facilities = 402,900 
Labor and field support - 745,000 

TOTAL $1,582,300
 

Total cost of GSL Survey Department operation as described
 
in this report is then estimated as:
 

GSL/USAID $3,125,000
 
GSL $1,582,300
 

TOTAL COST $4,7 77,300 I 
I/ Does not include costs of approximately $1,305,000 in later estimate ofproject funding requirement. These additional costs would hold true for.anyof the three alternatives. 
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D. Summary and Conclusions 

The following conclusions are reached as a result of this
 
comparison of alternativesE
 

1. Contract Operation $15,000,000
 

Advantages: 
 Simplicity, reliability, and speed of

production. 
Project could be completed
in a period of approximately two years.

No technical assistance required to
 
complete the project.


Disadvantages: 
 High cost (twice that of other alternatives)
 
no institution-building aspects. GSL willrequire additional assistance to preparemore detailed maps and engineering plansfor development 	projects. 
No GSL capability
to collect aerial data for resources or
environmental survey purposes. 
Additional
 
contracts will be required for larger-scale
photography to support detailed project

development.
 

Coffiments: 
 Price quote could probably be reduced by
about 10% as contractor becQmes more
familiar with specific conditions in Sri
Lanka. 
In this case, contract price of
$13,500,000 would still be twice that of

other alternatives.
 

2. Combined Contract/GSL Survey Department Operation $4,851,300
 
Advantages: 
 Simplicity of photo acquisition, no aircraft
 

maintenance or operation problems.
Institution-building in areas of Photo
grammetry, map production, resources survey
and assessment, 	and development project
support. 
Much less costly than Alternative 1.


Disadvantages: 	 Map production rate the same as for all-GSL
 
operation, at slightly higher cost. 
No GSL
capability to collect other aerial data for
 resources or environmental survey purposes.

Additional contracts will be required for
larger-scale photography to support detailed
project development. 
Technical assistance
required to complete project as scheduled.
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Comments: 
 A flat inflation factor of 10% has been
 
included for a five-year aerial datacollection contract which in turn is
 
estimated on current,rates. 
If a 10%
yearly inflation rate is assumed, typical
for US aerial survey contractors in recent years, then data collection costs will
increase to approximately $1,040,000,
resulting in a total cost of $4,953,300
for this alternative. 

3. GSL Survey Department Operation $4,7, 300
 

Advantages: 	 Institution-building in all areas of aerial 
survey, photogrammetry, map production,
resources survey and assessment, and 
development project support capabilitl.

Provides continuipg GSL data collection

capability to support current and planned

development programs. 
Least expensive

alternative.
 

Disadvantages: 
 Slightly more complex than Alternative 2.

Technical assistance required to complete

project as ncheduled.
 

Comments-. 
 Cost advantage over Alternative Ziis not
 
significant, however, lack of an -aerial 
data collection 	capability to support

development projects is one of the biggest

problems currently facing the GSL. 
This
is the only Alternative to address this
 
problem.
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Summa-ry Economic Conclusion 

Ground survey techniques in lieu of"aerial photography
would result in significant delays in providing information required
by the GSL at greater cost than aerial photography techniques; would
 
require a tremendous expansion of Survey Department staff with 
attendant problems of training, management, and facility capacity; would
 
fail to build on the exfsting capacity of the Department for processing

aerial photography; and would not lay the foundation for utilization
 
of the many significant by-products of aerial photography in the future.
 

Of the three alternatives for providing aerial photography,
 
Alternative C is slightly less costly than Alternative B; however
 
for these marginal costs the Survey Department world have the capabilit, 
to procure and produce larger scale maps during and after the project
and continually update base maps after the project. Thus even if 
alternative B was less costly it would not result in achievement of 
project purpose. 

The project as designed is the most cost-effective approach to 
meeting the project purpose. 
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PART 4 - Implementation Arrangements 

(A) Anal' is of the Recipients and AID's Administrative Arrangements
 

(1) Recipient Organizations
 

(A) Survey Department: 

The implementing agency is the Survey Department,
Ministry of Agriculture and Lands. 
Within the GSL, the Department has pri
mary responsibility for (1)mapping the country; (2)surveying,

and recording all state lands; (3)providing photogrametry and
cartography for interpretation and analysis; and (4) survey training.

Typical projects include engineering and topographic surveys, close
contour surveys, regional resources mapping, town assessment, land

marking, and land reform surveys. The Department has been involved
in mapping from aerial photography since 1952. Aerial photography for

the existing national base map was flown by a contractor in 1956.

Subsequent photography was flown and maps prepared by the Department

with their own plane until it
was no longer operable. The Department

has not had the capability to fly new photography for the past

three years. The Department has a total profssional staff of

approximately 960. 
The key units, the Air Survey Branch and the.

Map Publication Branch, have a combined professional staff of 185.

Annex B, Appendices B-E, provides detailed information on the
Department's history, activities, and composition. 

In summarizing their analysis of the project, Resources Development

Associates came to the following conclusions regarding the capability

of the Department and the impact of the project on itw. operations:
 

"The introduction of the first large-scale mapping program
in 20 years represents a substantial undertaking by the
 
Survey Department. 
 Since their only aircraft has been
 
inoperable for nearly two years there has 'een no new photo
graphy on which to work. Consequently, thu maps which have

been made recently were mostly prepared ftom ground surveys.

This does not require the same process nor does it impose

a large load. The 1:10,000 scale mappang project will
 
necessitate the conversion of that portion 
of the Survey
Department involved into a large-scale production operation,

with all its attendant ramifications. 

"The Survey Department is capable for performing the Agri
cultural Base Mapping Project. However, they will require

financial support to procure the necessary additional equipment
and materials and to make improvements in their present

facility. Also, to accomplish the work which will be required

to complete the 1:10,000 scale mapping project within five
 
years they will have to introduce some operational changes.
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"To cope with the production load to be imposed will require
 
changes in the organization, procedures, and facilities as
 
well as the requisition of new equipment and materials. The
 
major items to be purchased include a suitable aircraft,
 
plotting instruments and film processing equipment and a
 
litho press. To obtain the best use of the new as well as
 
existing equipment requires the renovation of the existing
 
offices to accomodate the air conditions necessary for
 
temperature and humidity control. For more efficient map
 
production some changes in procedures and organization have
 
to be made. The major change in methods involves the use of a
 
more modern technique for preparing the map manuscripts which
 
reduces manual effort to a manageable level.
 

"With the recommended equipment and improvements the Survey
 
Department will be capable of completing the Agricultural
 
Base Mapping Project within a period of five years. However,
 
to assure that the required production level and quality is
 
maintained, continued technical assistance should be pro
vided the Survey Department."
 

With the addition of the inputs to be provided under the project,

the experienced, well-staffed Survey Department is capable of implementing
 
the project.
 

(b) Other Organizations
 

The aircraft to be provided under the project will be piloted

and maintained by the Sri Lanka Air Force under an agreement drafted by

the Survey Department. The Air Force is experienced in maintaining and
 
flying the type of plane proposed for the project. Major engine overhaul
 
will be performed in Singapore approximately every four years. On-the-job

training of Air Force pilots in the special techniques of flying for aerial
 
photography is included in the project. AID approval of the final agree
ment with the Air Force will be required.
 

The major users of mapping data that will be produced by the project

have staffs familiar with use and interpretation of the data. A "User
 
Assistance Center" will provide additional resources to maximize product use.
 
On-the-job training and short-term training abroad for the appropriate

staff of these agencies is included in the project to insure these personnel
 
are aware of the latest appropriate techniques of product utilization.
 

42
 



2. A.I.D. 

While the technology involved in the project is complex, administra
tion of the project, involving as it does essentially one major implementing
agency, is fairly straight-forward.. 
AID approvals of major procurement, the
host country technical assistance contract, and the agreement for maintenance 
and services by the Sri Lanka Air Force will be required. The project will
add to the current workload of the Mission staff particularly during the
initial year of implementation when major procurement activities will occur.

The size of the Mission staff was planned with an awareness of the requirements

of the project. 
This project does not in itself require additional Mission
staff. It will require TDY assistance of the regional legal and contract 
advisors, and perhaps of an AID/W procurement officer. 

AID/W will be the tpurchaser for. the GSL on major project equipment.
Disbursements for technical assistance and some procurement are
 
likely to be via a direct letter of commitment. Some technical
 
assistance an short-term training in country and in the U.S. will be
 
provided under an arrangement between AID and the U.S. Geological
Survey. Disbursements for aircraft and equipment maintenance as well 
as spare parts, calibration, etc. will be made by AID to the foreign
exchange account of the Survey Department based on periodic requirements
and will be replenished as planned under the project budget.. Disbursements
 
for local costs il be made on the basis of vouchers- submitted. by--the. 
Survey Department, 

In order to implement the project, source and/or proprietary
 
procurement waivers will be necessary for the following items:
 

Source-Waiver (For Justification see Annex A, Appendix H)* 
Source Amount 

Item 
1. Renovation 2 unit of 
.Survey Dept. RC8 cameras Switzerland $16,000 

2. 1 unit Wild A8 Autograph with 
PPO-8 Orthoplotter Switzerland $150,000 

3. Attachments for 4 units 
AvLotab TA coordinatograph B8 units Switzerland $100,000 

4. Wild St-10 Strip 

Stereoscope (1 unit) Switzerland 600 

5. Wild glass scales 1 unit Switzerland 4,100 

6. Kern PG 2 with EK-22 Digitizer and 
Aviotab TA Coordinatograph 2 units 

Switzerland 110,000 

• This equipment may be provided by the Government of 
Switzerland, in which case the waiver would be 
unnecessary and the monies reallocated within TOTAL 380,700 
the project or deauthorized. 
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Proprietary (U.S. Source)
 

Item 


1. 1 Aircraft
 
Cessna 421C (pressurized, twin engine, 

reciprocating 30,000 ft. servic ceiling)

delivered to S.L. Include training for
 
pilot/mantenance in S.L.
 

2. Appropriate equipment spares & 

special tools
 

3. Aircraft modification for aerial 

photography (XF-2,B3, RC8/10
 
installation)
 

4. 40 - 4 wheel drive Jeeps 

long-wheel base, Canvas - covered, 

right hand drive (include
 
essential spare parts + establishment
 
of maintenance facility)
 

5. IBM 545 Card Punch 2 units 


6. Mini-computer (1 unit) 

(Hewlett Packard 3060 or equal) 


7. Model 11C-M Versamat (1 unit) 

Roll processor (includes installa
tion & 1 wk training, inoperation
 
and maintenance)
 

8. MAFI Processor (1 un't) 


9. Litho sheet Processor, 

Kodalith 324 (1 unit)
 
(installation, & 1 wk training
 
in operation & maintenance)
 

10. 	Mark IV Log - E printer, 

with roll head (1unit) 

(includes installation, &
 
1 wk training in operation &
 
maintenance)
 

11. Vacuum back for one Lanston 

copy camera
 

12. 	Photo composing machine, 

Photron (1 unit)
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Company 


Cessna 


Cessna 


Cessna 


ANC 


IBM 


Hewlett/ 

Packard
 

Kodak 


MAFI 


Kodak 


Log-E-Tronics 

Corporation
 

Larstom Corp. 


Photron .Co. 


Sub-Total 


Amount
 

$385,000
 

$110,000
 

40,000
 

(ea./9,000)
 
$360,000
 

12,400
 

3,700
 

25,000
 

2,000
 

22,500
 

25,000
 

4,000
 

25,000
 

1,014,600
 



Item 


13. Litho offset Printing 

machine (1 unit)
 
(AO size, print 33 1/8 X
 
46 3/4 inches)
 

14. 940 Light table 

( 3 ea. @ 2,000)
 

15. B+L 240 R Stereomicroscope, 

with bridge attachment for 940
 
(2ea. @ 5,000)
 

16. B+L zoom Transfer Scope, 

Model Z+4-H, with photo attachments
 
(1 unit) 

17. 	 12S Multi-SpecralCamera (1 unii 

2 


18. 12S Additive Color viewer (1 unit)
 
18. I S Additive Color viewer _Cuniti 
Model 6040-PT-210, with print frame head. 
exposure control, ND filters & film ket. 
19. Original negative film,
 
plus-x Aerographic 

($100/roll, 10 rolls/yr, 5 yr.) 50 rolls
 

20. Diapositives, Aerogrpahic Positve 

($110/roll, 10 rolls/yr., 5 yrs) 50 rolls
 

21. Transparency duplicates, Aerographic 

positive ($100/roll, 10 rolls/yr, 5 yrs)
 
50 rolls
 

22. Photo indexes, single weight, 

Gloss Matte-Dry 100 boxes
 
(5,000 prints, 100 bx, 100 sheet/bx)
 
( 65) 

23. Contact prints, double weight, 

semi-matte 2,300 exposures
 
(@ 3 prints ea. 276 boxes (50 sheet/bx)
 

(@65) 

24. Copy paper, 24X30 in. 1,000 

sheets, 80 boxes (25 sheets/bx) @ 35
 

25. Litho films, 24X30 in., 

17,000 shieets
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Company Amount
 

Harris Press 87,000
 

Richard Co. 6,000
 

Bausch&Lomb Inc. 10,000
 

Bausch&Lomb Inc. 7,000
 

International
 
Imaging Systems Inc. 10,000 

International
 
Imaging Systems Inc. 19,000
 

Kodak 5,000
 

Kodak 5,500
 

Kodak 5,000
 

Kodak 	 6,500
 

Kodak 	 17,900
 

Kodak 2,800
 

Kodak 60,700
 

Sub-Total 242,400
 



Item 


26. Drapositives, Aerographic 

positive, 10"X0" sheets, 7 mil
 
Estar base, 50 sheets/bx, $50/box,
 
200 boxes
 

27. Color Proofing Plastic 


28. Processing Chemicals Dektol, 

Kodak Rapid Fix, Versamat Type B,
 
Litho Developer, Hypo, Diazo
 
Sensitizers & solutions, Litho
 
Plate Chemistry
 

29. Coior Proofing emulsions 


30. Color LR Film & Processing
 
6 rolls(est) 


31. Color Film & Processing
 
6 rolls (est) 


32. Duplicate transparencies
 
12 (est) 


33. Contact prints ccDy paper 


34. Black & White Infra-red film 

and processing 7 rolls
 

35. Cibachrome-film 


36. 1 unit Kern MK II 


Company Amount
 

Kodak 10,000
 

Kodak 18,000
 

Kodak 11,600
 

Kodak 1,100
 

Kodak 3,000
 

Kodak 3,000
 

Kodak 3,000
 

Kodak 500
 

Kodak 2,000
 

Kodak A nnn
 

Kern Instruments 45,00n
 
Inc.
 

Subtotal 100,200
 

TOTAL 1,357,200
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(B) Implementation-Plan 

1. Plan 

The basic implementation plan provides for early arrival of the 
long-term technical assistance contractor followed in the first year

of the project by major equipment procurement, facilities renovation,
 
some staff recruitment and familiarization training, and internal
 
survey department reorganization. During te second year of projectt. 

various personnel will be familiarized with the newly procured equipment,

aerial photography of the country for the 1/50,000 and 1/10,000 base map
will be completed, production of 1/50,000 scale maps will begin, user
 
assistance center staff will be trained, and user assistance center

equipment will be ordered. 
In the third year of the project the 1/50,000

base map production will be completed, the user assistance center will be
 
operational, familiarization training for user organizations will begin,

and initial 1/10,000 base maps will be produced. Subsequent years will
 
see continued 1/10,000 base map production leading to full coverage

in 1983, continued updating of aerial photography and the base map series,
 
production of larger scale maps, additional user agency training, and
 
continued application of new techniques for maximizing the use of
 
the Survey Department's products. 

The Survey Department will be responsible for overall implementa
tion. AID/W will be 4he purchaser for the bulk of projectprocurement.
 
The technical assistance contractor, under a host country contract, will

'assist with specifigatignoSfar-Draduio.n d partment-O__anizarnT
development of the User Assistance Center and some training. Other tralning
will be provided by USGS under an agreement with AID. Initial aerial

photography will be flown by a host country contracted team of a pilot
and a photogrammetrist, who will also train SLAF pilots and Survey
Department photogrammetrists. Subsequently the plane will be piloted

and maintained by the Sri Lanka Air Force and crewed by the Survey

Department. 

Project monitoring will occur throughout the project by the
Department, USAID, and the technical assistance contractor. Project
evaluation will include the participation of user agencies, and in
dependent experts (perhaps USGS) as well as the aforementioned entities.
 

The detailed implementation schedule and attendant responsi
bilities which follows was prepared with the advice of the Deputy
Surveyor General. There are no unresolved issues regarding the plan.
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2. Implementation Schedule 

Activity 	 Timeframe 

1. Loan Authorization 	 Sept. '77 


2. Solicit for TA Contractor Oct. '77 


3. 	Loan Agreement signed, C.P.'s Nov. '77 

satisfied
 

4. Service Agreement with SLAF Nov. '77 


5. Contract for T.A. 	 Dec. '77 


6. Direct L/Comm for T.A. 	 Dec. '77 


7. Long Term T.A. Arrival 	 Jan. '78 


8. Initiate Facilities Renovation Jan. '78 


9. 	Initiate Capital Equipment Feb. '78 

Procurement 


10. Contract for Aircraft 	 March. '78 


11. Procurement expendables April-June '78
 

12. Reorganization of elements of Summer '78 

Survey 	Department 

13. 	Aerial Photography Flight Summar/Fall '78 

Planning
 

14. 	Recruitment/Training April-Oct. '78 

Additional SD Staff
 

15. 	Contract for Pilot and
 
Photogrammetrist. Summer '78 


l/ SD - Survey Department 
SLAF Sri Lanka Air Force
 
RLA - Regional Legal Advisor
 
ACO - Area Contracting Officer
 
GSA - US General Services Administration
 
USGS - US Geological Survey
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Responsibility 

AID/W
 

SD/USAID/AID/W
 

GSL/USAID/RLA
 

SD/SLAF/USAID
 

SD/USAID/ACO
 

GSL/USAID/AID/W
 

SD/Contractor
 

SD
 

SD/Contractor/USAID
 
and GSA
 

it 

SD/TA 	Contractor
 

SD/TA 	Contractor
 

SD
 

SD/USAID/TA
 
Contractor
 



Activity 


16. 	Completion of Facilities 

Renovation
 

17. 	Initial Evaluation Concentrated 

on adequacy of facilities 

and procedures
 

18. Arrival Plane and Pilot and 
Photogrammetris t 

19. Arrival other capital equip-

ment and expendables
 

20. 	Initiation Aerial Photography 

and OJT for SLAF Pilots and SD
 

Timeframe 


Nov. '78 


Nov. '78 


Nov. '78 


Nov. '78 


Dec. '78 


Pho togrammetris ts
 

21. 	O.J. Familiarization SD Staff 


22. 	Begin 1/50,000 Map Production 


23. 	Initiate Procurement Equipment 

for User Assistance Center 


24. 	GSL-AID-USGS PASA 


25. User Assistance Center Staf~f 

Training
 

26. 	Arrival User Assistance 

Center Equipment and
 
Establishment of UAC
 

27. 	Second Evaluation - Production 

28. 	Completion of Aerial Photo-

graphy for 1/50,000 and
 
initial 1/10,00 Map Series
 

29. 	Initiation Aerial Photography 


Dec.-May 78/79 


Jan. '78 


Winter 78/79 


Winter 78/79 


Spring '79 


Sumer '79 


Suner '79 


Sept. '79 


1/

Oct. '79 


for Larger Scale Area and Project
 
Specific Maps and Production these Maps
 

30. 	User Agency Staff Training 4-5 people each 


Responsibility
 

SD
 

USAID/TA Contractor/
 
SD
 

SD/AID/W/GSA
 

" 

SD/SLAF/Contractor
 

SD/Contractor
 

SD
 

SD/TA Contractor/
 
USAID/AIDW
 

GSL/AID/USGS
 

SD/USGS-


SD/GSA/AIDW
 

SD/TA Contractor/
 
USAID
 

SD/SLAF
 

SD/SLAF
 

SD/USGS/User Agencies
 
year 1980-1983
 

1/GSL planning needs may dictate earlier flying for project and
 
area maps. Some such flying can be done early in project life
 
without major disruption of base mapping schedule. Such flying

will continue during (and after) project life.
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Activity 	 Timeframe Responsibility
 

31. 	Third Evaluation - Production Winter 79/80 SD/TA Contractor/ 
Rates and Qua'ity USAID 

32. Completion of 1/50,000 May '80 SD
 
Base Map
 

33. 	First Full Evaluation Summer '81 SD/RD/USGS/TA
 
(Production Rates and Quality, Contractor/ User
 
Usefulness of Information, SD Agencies
 
Responsiveness, UAC Operation,
 
Information Application)
 

34. 	Production Area and As Needed SD
 
Project Maps
 

35. 	Aerial Photography to Periodic SD/SLAF

Update Source for following
 
1/10,000 Maps Sept. '79
 

36. Completion T.A. Contractor Winter 80/81 SD/TA/USAID
 
Services
 

37. 	Completion of 1/10,000 October '83 SD
 
Scale Base Map
 

38. Final Evaluation - in Fall '83 SD/User Agencies/

addition to first USGS, USAID/

full evaluation will cover Consultant
 
future SD activities
 

3. 	Contracts and Logistic Support
 

Logistic support will be provided to the Survey Department by
(a) the Sri Lanka Air Force, who will provide maintenance and pilot
services for the aircraft; (b)AID - as the procurement agent for the 
project; (c) by the USGS, who will provide training in country and in the 
U.S.; 	(d)by the technical assistance contractor, who will provide some
 
training and purchasing services; and (e) by the contractor for initial 
pilot and photogrammetry services and related famil.ar±zai 

The 	following contracts a;.'e envisioned under the project:
 

A. 	 Host country contract for long and short term technical 
assistance; 

B. 	 Host country contract for pilot and photogrammetry services; 
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C. 	 Agreement between the Survey Department and SLAP for 
aircraft pilot and maintenance. 

D. 	 Agreement between SD-AID-USGS for some training services 
and evaluation; 

E. 	 Survey Department local contract for facilities renovation; 

F. 	 A variety of arrangements for set-up and calibration of 
equipment which will be a part of the equipment procurement. 

(C) Evaluation Arrangements for the Protect 

Two types of evaluation for the project have been planned: 
routine evaluations at stated intervals during project implementation 
(see Implementation Schedule) to review primarily the adequacy of facilities 
and procedures, logistics, and progress toward production goals; and
 
special evaluations in the fourth year of the project and at the end
 
of the project to review responsiveness of the project to user agency
 
requirements, alternatives for maximizing output utilization, information
 
applications, new developments in the technological area, operations of the
 
User Assistance Center, and appropriate future activities of the Survey
 
Department. Both types of evaluations will review, albeit in different
 
ways, progress toward achieving the project purpose of meeting the 
mapping requirements of ru-al development. 

The routine evaluations ill be performed by the Survey Depart
ment, the technical assistance contractor, and USAID. The special
 
evaluations will include user agency staff and USGS perso-xnel. The
 
budget includes funding for USGS participation in evaluations.
 

(D) Conditions, Covenants and Negotiating Status
 

The following special conditions precedent to disbursement
 
for equipment and supplies (not for technical assistance) will be included
 
in the loan agreement:
 

1. 	Evidence of an agreement acceptable to AID between the
 
Survey Department and the Sri Lanka Air Force for the
 
maintenance and operation of the aircraft to be supplied
 
under the project;
 

2. 	 A signed contract for technical assistance; 

3. 	Evidence of the availability of funds for and intention to
 
carry out facility renovation.
 

51 



The 	need for 
an agreement between the Survey Department and the
Air Force has been agreed to and discussed by the Department and SLAF.
A draft agreement has been prepared. The Department advises it has
sufficient funds to initiate the local cost element of facility

renovation in CY 1977.
 

No problems are envisioned in meeting the conditions precedent
or in reaching agreement with the GSL on the covenants normallyincluded by AID in loan agreements, and on the following special
 
covenants:
 

1. 	 The Aircraft provided under the project will not be used 
for any military purpose; 

2. 	 The Aircraft provided uder tha project will be adequately
insured to permit replacement for the life of the project.
 

3. The GSL will provide fuel needed for aircraft operations

for 	the life of project. 
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DEVELOPENT ACTIVITIES EARLY IN THE LIFE OF THE PROJECT. 
INFO OCT-it CIAE-if NEA-18 E-il ICA-2 OES-i6 IN-IT /1 R 

5. THE PP SHOULD CONTAIN AN ANALYSIS OF THE ADDITIONAL 
DRAFTED BY ASIA/PO/SA:JWEVApS:PMO SURVEY DEPARTMENT STAFF NECESSARY TO HANOLE THE INCREASED, 

APPROVED BY A/AA/ASIA:.MBAOLER WORKLOAD IDENTIFY THETHE PROJECT WILL PERMIT,AND 

SOURCE OF-TWI 1 4T-STAF;' 

PPC/DPRE:JWELTY iORAFT) 
ASIA/BIS:HOWYRE DRAFT) 6. THE BUDGET IDENTIFIED IN THE RDA REPORT NOTES PROJECT 

ASIA/PO/SA:&OOELL DRAFT) COSTS OF MORE THAN DOLS 461.011, OR 2. PERCENT OF THE 
ASIA/PD:JRJCCAOE-TR/ARO:CANTHOLT PROPOSED LOAN. FOR EXPENOABLE SUPPLIES FOR THE MAP 

ASIA/OP: TO'CONNOR fORAFT) PRODUCTION UNIT. INFURTHER DEVELOPING THEPROJECT, THE 

GC/ASIA:PILOOM (DRAFT) MISSION SHOULD DETERMINE THE PROPORTION OF THESE PROPOSED 
ASIA/PR:ARLOVE-/BIS:PROUGHTON(OFT) AID FUNDED EXPEONABLES tO TOTAL EXPENDABLES REQUIRED BY
 

DESIRED OISTRIBUTION THE MAP PRODUCTION UNIT AND SHOULD DEVELOP WITH THE GSL
 
4C ACTION 3ASIA CHRO-N 1*2 3 4 7 9 INFO AATA MP OST WIC IOCPPC CC IT A PLAN TO INSURE CONTINUED GSLFINANCING OF EXPENDABLES
 

GCFLO 4ASIA SCASIA C CASIA CUGT ENGR SD$1CIA X COM EARl INT55P ONCE AIDPROJECT PARTICIPATION ENDS. IF THE PROPOSED
 

A/CAA/AS IA:OCOHEN AOD0 

...... ..... [1154 Z 514614 /28 
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FM SECSTATE WASHOC 
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UNCLAS STATE 011)04 


AIOAC 


E.0. 11652: N/A 


TAGS: 


SUBJECT: AGRICULTURAL BASE MAPPING -PRP REVIEW 


I. THEASIA PROJECT ADVISORY COUMITTEE (APAC) MET ON 

NOVEMBER 21 AND APPROVED THE SUBJECT PRP. CHANGES IN HE 

PRP AS WELL AS ISSUES TO BE ADDRESSED IN THE PP IN
 
ADDITION TO THOSE TO BE TREATED IN ACCORDANCE WITH THE 

OUTLINE INHANDBOOK 3 ARE AS FOLLOWS: 

2. APAC FELT THAT THEPROJECT PURPOSE WAS IN FACT A 

RESTATEMENT OUTPUTS ENOSTHEPURPOSEOFPROJECT ANDRECO1DL 
BE QUOTE TO MEET THE 1APPING REQUIREMENTS OF RURAL 

DEVELOPMENT UNlGUOTE.THIS REVISEO PURPOSE WILL APPEAR 

IN THE CONGRESSIONAL PRESENTATION. PROJECT DESIGN, AS 

REFLECTED INTHE LOGICAL FRAIEWORK SHOULD BE REVISED TO 

REFLECT THIS PURPOSE. INPARTICULAR BETTER MEASURES OF 

ACHIEVEMENT OF BOTH OUTPUTS AND PURPOSE THAN THOSE 

IDENTIFIED IN THE PRP SHOULD HE OEVELOPED. 


3. MAJOR CONCERN WAS RAISED OVER THE RELATIONSHIP BETWEEN 

THE PROJECT AND AID'S TARGET POPULATION. THECOMMITTEE 

FELT THESE LINKAGES SHOULD BE MORE CLEARLY DEFINED IN THE 

PP. WE NEED TO BE ASSURED THAT IN MEETING PROJECT PURPOSE 

THERE IS IN FACT A CAUSAL RELATIONSHIP TO MEETING PROJECT 


GOAL OBJECTIVES. WE RECOGNIZE THAT ACHIEVEMENT OF
 
PROJECT GOAL IS A FUNCTION OF NOT THIS PROJECT. BUT MANY 

PROJECT/ACTIVITIES. THE PP SHOULD DETAIL HOW THIS PROJECT 

AT THEMARGI1IIMACTS ON SECTOR GOAL REALIZATION, THAT 

IS,WITHOUT THIS PROJECT VYAT WOULD THE IMPLICATIONS RE 

FOR REALIZATION OF SECTOR GOAL. THE PP SHOULD REVIEW THE 

ROLE AERIAL I.!;PPtf:G
HAS HAODINPAST RURAL DEVELOPMENT 
ACTIVITIES AND4AT THESE ACTIVITIES IN TURN .EAITTO 
AID'S TARGET POPULATION. THE PP SHOULD ALtO ESTIMATE 
THE IMPACTOF THIS ORPLANNrEDPROJECT ON CURRENT GSL 
DEVELOPMENT AND THE IMPLICATIONSPROJECTS OF NOTRE-
EQUIPPING THESURVEYDEPARTMENT. 

4. THEPP SHOULO CONTAIN AS PART OF THE IMPLEMENTATION 

PLAN A PRIORITY LISTING OF AREAS OF THE COUNTRY TO BE 

PHOTOGRAPHED AND MAPPED INDICATING HOW THESE PRIORITIES 

RELATE TO OVERALL GSL AGRICULTU AL PLANS. PRESUMABLY.
 
IN OEVELOPING A NATIONAL BASE MAP GREATER EMPHASIS WOULD 

BE PLACED ON MAPPING AREAS TARGETED FOR SIGNIFICANT 


FINANCING WILL IN,FACT FINANCE ALL OR ALMOST ALL OF THE
 
EXPENDABLE REQUIREMENTS FOR THE PROJECT THEMISSION
 
SHOULD GIVE SERIOUS CONSIDERATION TO REDUCING AID'S SHARE
 
OF THESE COSTS AND INCREASING THE GSL SHARE OF THE COSTS
 
PARTICULARLY OVER THELIFE OF THE PROJECT TO INSURE A
 
GSL COMMITMENT TO FINANCE CONTINUING REOUIREVENTS.
 
THE PP SHOULD ALSO PROVIDE EVIDENCE OF GSL READINESS TO
 
FUND LOCAL COSTS OF THE PROJECT.
 

7. APAC BELIEVED THAT DURING PROJECT IMPLEMENTATION
 
ADDITIONAL TECHNICAL ASSISTANCE/TRAINING MIGHT BE NECESSARY
 
IN AREAS CURRENTLY NOT FORESEEN AND INCREASED ESTIUATED
 
FUNDING TO ACCCMOOATE THIS NEED TO TOTAL PROJECT COST
 
OF DOLS 3,551,JIE. COST ANALYSIS SUBSEQUENT TO PRP
 

PREPARATION HAD INDICATED A PROJECT COST OF DOLS
 
3,35,118.
 

8. INOEVELOPINC THE PP THE MISSION SHOULD ANALYZE WITH
 
THE GSL THE POSSIBLE BENEFITS OF REVISING SURVEY
 
DEPARTMENT BUOGETING PROCEDURES TO PROVOE FOR USER AGENCY
 

TO THESURVEY FORWORKREIMBURSEMENT DEPARTENT PERFORMED. 
SUCH A.SYSTEM WOULD PERMIT THEDEPARTMENT TO OPERATE AT 
THE LEVEL USER AGENCIES REQUIRE. FORCE THOSE REQUIRING
 
DATA TO JUSTIFY ITSCOST, AND QUOTE PRIORITIZE UNGUOTE
 
THE DEPARTUENT'S VORKLOAD. REACTIONS OF ACTUAL OR
 
POTENTIAL GSL LSER AGENCIES TO SERVICE CHARGE CONCEPT
 
MAY ALSO BE FAIRLY ACCURATE INDICATION OF REALISTIC
 
USER NEED FOR AND INTEREST IN SURVEY OEPARTMENT'S MAPPING
 
SERVICES. AIO/W REMAI3 4 CONCERNED ABOUT DEPTH OF OVERALL
 
GSL INTEREST INPROPOSAL AND HOW WILLING IT ISTO
 
MANIFEST SENSE OF BUDGETARY PRIORITY INPROJECT SUPPORT.
 
PROPOSING SERVICE CHARGE IDEA MAY HELP TO FLUSH OUT ANSWERS
 
IN THIS REGARO. TECHNICAL ASSISTANCE COULD BE PROVIDED
 
THE MISSION/GSL INTHIS AREA EITHER AS PART OF PROJECT
 
DEVELOPMENT OR AS PART OF THE PROJECT.
 

N.AWN AGREES WITH NEED NOTED IN PRP FOR BETTER SYSTEM
 
TO PERMIT USER AGENCIES TO MAXIMIZE USE OF SURVEY DEPART-

MENT PHOTO INTERPRETATION EQUIPMENT AND ANOIW.EDGE 
AND
 
BELIEVES PROJECT SHOULD CONTAIN PLAN OF ACTION IN THIS
 
AREA. CAIN/CRAIB PROPOSAL FORA SURVEY RESEARCH CENTER
 
WITHIN THEDEPARTMENT APPEA; ATTRACTIVE BUT OTHER
 
POSSIBILITIES MAY ARISE DURING PROJECT DEVELOPMENT.
 

19. THE PP SHOULD DETAIL THE CONTRACTUAL ARRANGEMENTS 
ENTAILED IN PROJECT INCLUROIGIMPLEMENTATIOM ARRAGGEME3TS 
TO MAINTAIN PLANE ANOPROVIDE PILOT AS 71LL AS TO PROCURE, 
MODIFY AND DELIVER PLANE AND TRAIN GSL STAFF IN 
MAINTENANCE ANDOPERATION. A MAII ElAICE/OPERATION 
CONTRACT SATISFACTORY TO AID SHOULD BE A PRECONDITION 
TO LOAN DISBURSEMENT.
 

11. THEPP SHOULD CONTAIN JUSTIFICATION FOR ANY WAIVERS
 
THAT MAYBE REQUIRED TO PERIT PROCUREIEnT OF NEEDED
 
EQUIPMENT.
 

UNCLASSIFIED
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12.HANDBOOK 3 PROVIDES GUIDANCE ON ADDITIONAL ANALYSIS
 
REQUIRED INTHE PP FINANCIAL, AND
INCLUDING ECOIIOIIC, 

SOCIAL, PARTICULARLY THE ROLE OF WOMEN.
 

13. WHILE ALL OF THE AREAS NOTED IN ANNEX B OF THE PRP
 
WILL NEED TO HE ADDRESSED AT SOME POINT INTHE PROJECT
 
THEPP HAY NOT NEED ALL OF THEDETAILED INFORMATION
 
LISTED. DEVELOPMENT OF MUCH OF THIS INFORMATION,
 
PARTICULARLY THEDETAILED EQUIPMENT LISTS AND SPECIFICA-

TIONS COULD BE PRODUCED FOLLOWING LOAN AUTHORIZATION,
 
HOWEVER IF THIS CAN BE DONE RELATIVELY EASILY WHILE
 
PREPARING THE PP IT WOULD BENEFIT IMPLEMENTATION.
 
XISSINGER
 

UNCLASSIFIED
 



Ia-5. 

PROI ECT DESIGN SUMMARY 
LifeofProiej8 

LOGICAL FRAMEWORK Frm FY - F 8 

Plofect Titll &Numb.r AGRICULTURE-BASE MAPPING - SriDe Totel U. $.Feedis 
Pr"adri 

$4.425.000 
NARRATIVE SUMMARy OBJECTIVELY VERIFIABLE INDICATORS
Proven or Sector Goal:The broader ebjectlve to MEANS O VERIFICATION
measures of Goal Achievm.ent: VrRIFICAeick.hie preject 	 .u..._ IMPOeTAnT eASerTeceoahL..es: 
 1. 	Increased number of employment
Imprdve the living standard of the 	 AsM"oe a e evingaswil
opportunities for rural people.
rural people in Sri Lanka More and better maps rill
2. 	Improved nutrition level of 


Assist the GSL to
improve the
rural people. 	 GS.L. Annual Statistics standard of living of the
Sub-Go3. 	 Increase income for rural people: 
 IBRD Annual Statistics people. _rural 

the agricultural production of food fQr domestiIc onsumption.
RCesthagiutrlpoutoof 


,The
1. Increased % of agr. production of' GSL will continue to initiate
food for consumption domestically inSri
Lanka. 	 fodfromsicnuptn. 

.ntae
2. Decreased % of food products im-
ported for domestic consumption. 
I 	 policies favorable to increased
3. Imornved ratio of production to agricultural produ.tion of food


for domestic consumption.
Prei-ng Prjc nland 	 under.cultvationaPurpese: 

Condiionea.t weiUidicatpurpese les be..

ocuieved: FI t isi.Ai
End ofpiecJ 

1. 	Base Maps less than 5 yrs. old. 

h 
To meet the mapping requirements of 	 - Survey Department records of
A. 	1/50,000 
 maps produced and distributed to
9	 The GSL ill provide continuing
rural development n Sri Lanka. B. 1/10.000Th2. 	Increased numer of requests for Swilpodecnnug
requesting user agencies, 
 budget support to the Survey

Survey Dept. to provide relevant - Records of annual percent of Department.
information for user agencies. 
 updating process.
3. 	Larger scale maps provided to user

agencies within 6 mos of request. 
 -
Record of use of UAC facilities
 

4. 	10% of base maps at 1/10,000 are
 
uodated per year.
 

Outputs: 5Anoperatonal User Assistance Ctr.
 
M~enIuude C1OJipuo: i'1. Maps to the scale of: 	 AAeumlons ta e Ierig eutpue:1. 	Completed Ma 
 1. 	Records of user requests for
A. 	 Total nation various maps
A. 	 - Survey Department personnel ndB. 1/10,000 C. 	 correctly utilize aircraft will 

As per request of User Agenc
C. 	1/1000 - 1/10.000 r
2. 	14 equipment
user agencies utilizing UAC 
 2. 	Records of utilization of UAC 
 - pser agencies will continue to
2. 	Modern equipped 1 trained staff for UAC 
 3. 	4 trained aerial photography- 3.ake 
 requests for maps & arel
3. 	 Trained pilots and photographers teams4 	 3. Flight records & aerial photo- photographs
4.Trained staff for S.0-	 graphy of aerial survey unit.
user agencies. 4. 34 trained staff membiers of SO 4. 	 RCords of completion training.and UAC 	 -User 
a encies will utilize the
&User Assistance Center"
Input: 
 ieeaie Temigt
(Typeend Quantit) 
 rr 

1.-EqiAnsumption: 1 u etr.i ed Intr
1. 	EqUipint for: 
 1. Equipment Order Date • 
 USAID Records and Reports No capacity exists in Sri Lanka

A. 	Photo 'ac-tistion; Aircrift and 
 A. 	551.513
Accessories 	 2-3/78 GSL Records and Reports
8. 	53;,400 1-2/73 Survey D)lartnent to orovie o
Field Support
B. C. 258,400 12/77-3/78 	 rents of v-rnust 9v t. renciC. 	Compilation 
 D. 	194,400 responsible for rural develop1/78

0. 	Photo Lab ment planning & implementation.
E. 	Map Production E. 150.400 1/78
F. 	.68.200. 
 6/78 	 e
 

2. 	Existing maps are based on
F. 	User Assistance Center 
 . ,11956
2. 	*00,000. 1/78 aerial photography at a 
2. 	Facility Renovation scale of 1/63.000.3. 	Expendable Equipment 3. 848.700 1 78
4. 	Technical Training 4. 254,000 Department


S. 	503.000 1/78-3/79
11/77-78
S. ingt	 3. No use- assistance capability
Technical Assistance 	 now exists In Survey
5. 	346:700 *Atrcreft fuel to be
. Contingencies (10) 
 7. 	68d,300 flanced by CSL.
 
7. 	Inflation Factor (10%)
 



5 ACTONiiiiiiaugloauuo 

ACTIONUNCLASSIFIED INCOMING
COPY Department of State TELEGRAM
 

PAGE 01 

ACTION AID-20 

COLOMB 03266 060537Z 2504 

INFO OCT-01 NEA-10 /031 W 

.......--- -------------- 109494 
R 06050OZ SEP 77 
FM AMEMBASSY COLOMBO 
TO SECSTATE WASHDC 8074 

060541Z /17 

,v, 

UNCLAS COLOMBO 3266 " .' " 

AlIDAC '--

E.O. 11652: N/A 

SUB J: AG BASE MAPPING 

REF: STATE 208284 

SRI LANKA - AGRICULTURAL BASE MAPPING CERTIFICATION PURSUANT 
TO SECTION 611 (E) OF THE FORI.IGN ASSISTANCE ACT OF 1961, 
AS AMENDED. 
I, THOMAS ARNDT, PRINCIPAL OFFICER OF THE AGENCY FOR INTER-
NATIONAL DEVELOPMENT IN SRI LANKA, HAVING TAKEN INTO ACCOUNT 
AMONG OTHER THINGS THE MAINTENANCE AND UTLIZATION OF PROJECTS 
IN SRI LANKA PEVIOUSLY FINANCED OR ASSISTED BY THE U.S. AND 
THE COMMITMENT OF THE GOVERNMENT OF SRI LANKA TO CARRY OUT 
AN EFFECTIVE AGRCULTURAL BASE MAPPING PROGRAM, DO HEREBY 
CERTIFY THAT IN MY JUDGMENT SRI LANKA HAS-THE FINANCIAL AND 
HUMAN RESOURCES CAPABILITY TO IMPLEMENT, MAINTAIN AND UTILIZE 
EFFECTIVELY THE SUBJECT CAPITAL ASSISTANCE PROJECT FOR AGRI-
CULTURAL BASE MAPPING. 

/S/ THOMAS M. ARNDT 

A.I.D. REPRESENTATIVE 

SRI LANKA 

SEPTEMBER 
WR IGG I NS 

UNCLASSIFIED
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ACTION A10-7 

INFO OCT-L NEA-I" ./14Z W
 
. ..... ... '67 7 Z611,49Z /413
. .
 

p Z6,14.LL AUQ TT 
FM AMEMBA&SY COLOMBO 
Ta SEcsT Te WASHOC PRIORITY 8 L6 

UNCLAS COLOMBO 3145 'i' b:, 

,,"'.. 
E.. L1652: NI/AVs ': ' : 

SUBJ: Ar &ASE RAPFVMQ " 

REF- STATE Zff1379 

TEX.T 4F: m euST aA-T...L.ME a..Z-- FR SUB-JECT.PROJECT -

REOUESTE 
 av REFTEL REAOS- AS- FOLLOWS: 
"DEAR MR. BILLINGS, 
"AGRICULTURAL-IASE MAPPING PROJECT - REQUEST FOR ASSISTANCE 
FROM US AID - I AM SENDING YOU HEREWITH ONE COPT OF THE AGRI-
CUTURAL-BASE MAPPING PROJECT PREPARED RY'THE.SURVE'Y DEPART-
MENT AND THE AGRICULTURAL PROJECTS PREPARATION UNIT OF THE 
MINISTRY OF AGRICULTURE AND LANDS.
 
"IT WOULD BE APPRECIATED 
IF THIS LETTER 'IS TREATED AS AN
 
OFFICIAL REQUEST FRO,# THE'GOVERNMENT OF.SRI LANKA TO US AID
 
TO UNDERTAKE THE FINANCING OF THIS PROJECT.
 

YOURS SINCERELY.
 
/S/ M.A. MOHAMED
 

ADDITIONAL DIRECTOR.
 

EXTERNAL RESOURCES"
 

UNCLASSIFIED
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DRAFr PROJECr DESCRIMOIN MOR WAN AGRWSENr 

A. Definition of ProJec (Section Z.1 of Agreement) 

The project will consist of the supply of ccxdiles and equipment for photoacquisition, field control, triangulation, compilation, map production andprinting, in order td upgrade the physical facilities and technical capacityof the Survey Department. rn addition, the project provides for the establishment and operation of a User Asststance Center which wilI serve as a resource canter for other Sri Lankan agencies involved in research and planning-, and project implementation in rural development. The technical Assistance and Technical Training provided under the project will facilitate theimplementation of the project and insure t'at the project outputs will iacludethe production of a 7/50,000 scale and a 1/10,000 scale base map of Sri Lanka,.as well as larger scale maps on a project specific or request basis. 

3. Annex I Descrfation 

Over a six year period the project will provide for the production of a 1/50,000scale and 1/10,000 scale base map of Sri Lanka and the production of largerscale area and project specific maps as well as the indigenous capability tocontinually update base maps and provide larger scale mnps as needed followingproject completion. The project will also provide for the estab ishment andequipping of a "User Assistance Center* as a research and resource canter -toruser agency and Implementing agency personnel. An aspect of the User Assistance Canter c=monent of the project is the familiarization training of user 
agency personnel. 

The prqjeet will be .mplemented by the Survey Department, NMhistry of Agriculture and Lands, Government of Sri Lanka with technicaT assistance providedunder the loan and the sutpport of the Sri Lanka Air Force for aircraft maintenance, service, and piloting. Proceeds of the AID loan will be used tofinance the foreign exchange casts-of equipment, materials and supplies, 
maintenance, technical asistance, and training...required. under- the project. 

FY7-7 FY79 FY 7 FY So FY81 FY8Z Total 
us UziU_ US u us% 


_ __ _ _ _ *[ULGSL. G S L U 'y G fU. GS I Ir_ rm 

Ecloen f232 28.4 171
 

Facilities 
 4 
Maeral141 l741. 41.4." 7n ..~f 849 

Technical ; - 1n. 125.i .7.
AssistneI ric 
"7ecnnica.  - Z54 - 2 

Personnel R ] 94

Fuel and 

Maintenance 
-0 

-n an nLoo0; n
Contingencies 578- j78 5.85. 7 

M 00.) L1 I- * r 
InrIari7n 114.3  . ---Factor 0@18%) - I . ..ota Total.... - .I>. 40 04
 



DEPARTMENT OF STATE
 
AGENCY FOR INTERNATIONAL DEVELOPMENT
 

WASHINGTON. D.C. 2052 

PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMENT FOR FUNDS
 

PART II
 

SRI LANKA 
 Agricultural Base Mapping
 
A.I.D. Loan No.
 

Pursuant to Part I, Chapter 1, Section 103 of the Foreign Assistance
Act of 1961, as amended, I hereby authorize a Loan to the Government
of Sri Lanka (the "Cooperating Country") of not to exceed Four Million
Five Hundred Thousand United States Dollars ($4,500,000) (the "Authorized
Amount"), to help in financing certain foreign exchange and local
 currency costs of goods and services required for the project.. The
project consists of (1)upgrading the physical and technical capacity
of the Survey Department of the Ministry of Agriculture and Lands to
do aerial photography and produce base maps of Sri Lanka to meet
planning and operational requirements of Cooperating Country rural
development programs plus (2) the establishment and operation of a
User Assistance Center within the Survey Department to serve as a
resource center for other Cooperating Country agencies doing 
studies
and research work associated with aerial surveys and remote sensing

techniques (hereinafter referred to as the "Project").
 

The entire amount of the A.I.D. financing herein authorized for the
Project .will be obligated when the.Project Agreement is executed.
 

I hereby authoi..ze the initiation of negotiations and execution of
the Project Agreement by the officer to whom such authority has been
delegated in accordance with A.I.D. regulations and Delegations of
Authority subject to the following essential terms and covenants
and major Eonditions; together with such other terms and conditions
 
as A.I.D. may deem appropriate.
 

a. 
Interest Rate and Terms of Repayment
 

The Cooperating Country shall repay the Loan to A.I.D. in
United States Dollars within forty (40) years from the date of first
disbursement of the Loan, including a grace period of not to exceed
ten (10) years. The Cooperating Country shall pay to A.I.D. in
United States Dollars interest from the date of first disbursement
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of the Loan at the rate of (a) two percent (2%) per annum during the 
first ten (10) years, and (b) three percent (3Z) per annum thereafter, 
on the outstanding disbursed balance of the Loan and on any due and
 
unpaid interest accrued thereon.
 

b. Source and Origin of Goods and Services
 

Except for ocean shipping or as A.I.D. may otherwise agree

in writing, goods and services financed by A.I.D. under the Project

shall have their source and origin in countries included in A.I.D.
 
Geographic Code 941 and the Cooperating Country. Ocean shipping

financed under the Loan shall be procured in any eligible source
 
country except the Cooperating Country.
 

c. Conditions Precedent to Initial Disbursement
 

Prior to the initial disbursement or the issuance of the 
initial commitment document for technical assistance under the Project
Agreement, the Cooperating Country shall furnish the following in 
form 	and substance satisfactory to A.I.D.: 

1. A signed contract for technical assistance; and
 

2. Evidence -of the availability of funds for and intention
 
to carry out facility renovation.
 

d. 	Conditions Precedent to Disbursements for Additional Procure
ment
 

1. Evidence of an agreement between the Survey Department

and the Sri Lanka Air Force for the maintenance and operation of the
 
aircraft to be supplied under the Project;
 

2. Evidence that provisions have been made to make aviation 
fuel 	available to. the project aircraft comensurate with the needs

of photographic missions to be flown during the training period run
by the U.S. pilot and photogrammatrist trainers. 

e. The Cooperating Country shall covenant the following: 

1. The aircraft provided under the Project shall be reserved
for project needs and will not be used for military purposes; 

2. The aircraft provided under the Project will be adequately
Insured against mishaps to permit its repair or replacement through
out the life of the Project, and all maintenance and operational

requirements, including fuel, shall be made available as req,,dred to 
meet the objectives of the Project. 
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f. The following waivers to A.I.D. regulations are hereby
 
approved:
 

Waivers to permit proprietary procurement of U.S. source
 
origin equipment and aircraft as stated in the Project Paper.
 

Clearances: Date 
 Initial
 

Herbert E. Morris, GC/Asia -7 c//7
Alexander R. Love, Asia/PD 
T. C. Clark, Jr., Asia/TR
 
Robert W. Wiley, SER/COM
 
Donald D. Cohen, Asia/DP_
 
Priscilla M. Boughton, Asia/BIS
 
Michael H. B. Adler, DAA/Asia _
 

Signature
 
Assistant Administrator
 

Bureau for Asia
 

Date
 

GC/Asia: Topm:hp:9/22/77
 



G. STAUTRZ CMcMXIS 

A. 	 GEFER CRITERIA FOR PROJECT. 

. (a) Describe how 	Comittees on Appropri-
 (a) Notification of-the proposed
ations of Senate and 	House have been or project vill be given to Conaresj.will. be notified concerning the project;
(b) 	 is as%istance within (Operational (b) yesYear Budget) country or international 
organization allocation reported to

Congress (or not more than $1 million
 
,aver hat figure plus 10%)T
 

2. 	 FAA See. 6 1Ca)(1). Prior to stlning a) All plans necessary to carryof loan will there be (a)*engineering, out 	the assistance are completed.financial, and 	other plans necessary tocarry out the assistance and (b) & (b) Th cost of assistance byreasonably firm estimate of the coat 	
the 

United States is firm.
,to the United States of the assistance?
 

3. 	FAA Sec. 611(!,)(:'). If fLrther Legislative action is not 	required.
l*gislattc & t.ion is required
 
within. recipient country, whg t

I& basis for reasonable
 
expectation that such _action will
 
be~cmpleted in time_.t",permit

orderly accomplishment of purpose

of loan?
 

4. 	FAA See. 611(b); App. See. 101. 
If Not applicable.

loan finances water or water-related
 
land resource construction project
or program, is there a benefit-cost 
computation made, Insofar as
 
practicable, in accordance with the
 
procedures set forth in 
 the Memo
randum of the President dated May 15,
 
1962?
 

5. 	 FAA See. 611(e). If loan is for Yes. 
Capital-ssistance, and all U.S. 
assistance to project now exceeds
$1 million, has Mission Director 
certified the countryo' capability
effectively to maintain and utilize
 
the project?
 



6. FAA Sec. 209, 619. Is project suscept-

.ible of execution as part of regional 
or multilateral project? If so why is 
project not so executed? Information 
and conclusion whether assistance will 
encourage regional development programs. 
If assistance is for newly independent 
country, is Jt furnished through multi
lateral organizations or plans to 'the 
maximum extent appropriate? 

T. FAA Sec. 6 01(a). Information and con-

clusions whether loan will encourage 
efforts of the country to: (a) increase 
the flow of international trade; (b) 
foster private initiative and competi-

tion; (c) encourage development and use 

of cooperatives, credit unions, and 
savings and loan associations; (d) dis-
courage monopolistic practices; (e) 
improve technical efficiency of industry, 
agriculture, and comerce; and (f) 
strengthen free labor unions. 

8. FAA See. 601(b. Information and con-

clusion on how the loan will encourage 
U.S. priva±te trade and investment abroad
 
and how it will encourage private U.S.
 
participation in foreign assistance
 
programs (including use of private
 
trade channels and the services of
 
U.S. private enterprise).
 

9. FAA See. 612(b); 636(h). Describe steps 

taken to assure that, to the maximum ex-
tent possible, the country is contributing 
local currencies to meet the cost of
 
contractual and other services, and 
foreign currencies owned by the United 
States are utilized to meet the cost of
 
contractual and other services.
 

Not applicable.
 

(a) The loan will have little lasting 
effect on international trade other 
than to finance needed imports. 
(b) No effect on private initiative
 
and competition.
 
(c) No effect on cooperatives, credit
 
unions and savings and loan 
associations.
 
(d) No effect on monopolistic practice! 
te) Vill increase technical efficiency 
of industry, agriculture, and commerce 
by providing essential aerial photography 
and statistical data for planning and 
development.
 
"(f)1o effact on labor unions 

This loan is not expected to directly
 
foster U.S. investment abroad 

The local currency costs of the
 
project will be supplied by the 
Government of Sri Lanka. 



10. FAA See. 612(d). Does the United States 

own excess foreign currency and, if so,
 
what arrangements have been made for
 
its release?
 

FUNDING CRITERIA FOR PROJECT
 

1. Development Assistance Project Criteria
 

a. FAA Sec. 102(c).; Sec. 1i1; Sec. 281a. 

Extent to which activity will (a) effec-

tively involve the poor in development,

.by extending access to economy at local 

level, increasing labor-intensive.pro-

duction, spreading investment out from 

cities to small towns and rural areas;

and (b) help develop cooperatives, 

especially by technical assistance, to
 
assist rural and urban poor to help

themselves toward better life, and other
vise encourage democratic private and
 
local governmental institutionsT
 

b. FAA Sec. 103, 103A, 104, 105, 106,
107. Is assistance being made available: 
(include only applicable paragraph 
e.g.,. a, b, etc., - which corresponds to 
source of funds used. If more than one
 
fund source is used 'forproject, include
 
relevant paragraph for each fund source.)
 

(1) (103] for Lt.riculture, rural develop-
ment or nutrition; if so, extent to 
which activity is specifically 
designed to increase productivity 
and income of rural poor; (103A] if' 
for agricultural research, is full 
account taken of needs of small 
farmers; 

(2) (1043 for population planning or
 
health; if so, extent to which activity 

extends low-cost, integrated delivery
 
systems to provide health and family
 
planning services, especially to rural 
areas and poor;
 

No.
 

(a)By providing up-to-date maps and
 
Statistical data the project will 
enable various User Agencies of GSL 
to batter implement & plan projects
Uhich''ill involve the poor in 
development.
 

(b) Not applicable.
 

Yes, project will provide base maps
 
and statistical data essential for
 
the design of projects to increase
 
productivity and income of rural poor
 

Not applicable. 



(3) 11051 for education, public admin-

istration, or human resources development;

if so, extent to which activity strengthens

nonformal education, makes formal edu
cation-more relevant, especially for

rural families and urban poor, or

strengthens management capability of in,

stitutions enabling the poor to parti
cipate in development;
 

(4) (106] for technical assistance, 

energy, research, reconstruction,
 
a-d selected development problems;

if so, extent activity is:
 

(a) technical cooperation and develop-

ment, especially with U.S. private

and voluntary, or regional and inter
national development, organizations;
 

(b) to help alleviate energy problem; 


(c) research into, and evaluation of, 

economic development processes and
 
techniques;
 

(d) rdconstruciion after natural or 

manmade disaster;
 

(e) for special development problem, 

and to enable proper utilization ofearlier U.S. infrastructure, etc.,
assistance; 

(f) for program of urban development, 

especially small labor.intensive
 
enterprises, marketing systems, and

financial or other institutions to
 
help urban poor participate in
 
economic and soci 
L development. 

(5) (107] by grants for coordinated 

private effort to develop and

disseminate intermediate technologies

appropriate for developing countries.
 

Not applicable.
 

Not applicable.
 

'ot applicable.
 

Not applicable.
 

Not applicable.
 

Not applicable.
 

Not applicable.
 

Not applicable.
 

Not applicable.
 



a. FAA Sec. 10(a); See. 208(e. Ia 

the recipient country willing to con-

tribute funds to the project, and in 

what manner has or will it provide
 
assurances that it will provide at

least 25% of the costs of the pro
gram, project, or activity with
 
respect to which the assistance is to

be furnished (or has the latter cost
sharing requirement been waived for a
"relatively least-developed" country)?
 

d. FAA Sec. 110 (b). Will" grant cap-
ital assistance be disbursed for pro
ject over more than 3 years? If so,
 
has justification satisfactory to

Congress been made, and efforts for
 
other financing? 

e. FAA Sec. 207: 
Sec. 111. Extent to

which assistance reflects appropriate

emphasis on; 
(1) encouraging development

of democratic, economi&, political, and

social institutions; (2) self-help in
meeting the country's food needs; (3)

improving availability of trained worker-
power in the country; (4) programs de
signed to meet the country's health
 
needs; (5) other important areas of
 
economic, political, and social develop
ment, including industry; free labor
 
unions, cooperatives, and Voluntary

Agencies; transportation and communica
tion; planning and public administration;

urban development, and modernization of
 
existing laws; 
or (6) integrating women
 
into the recipient country's national
 
economy. 

f. FAA ::0,.. 'l81(b). Describe extent to
which ,'ruaram recognizes the particular
n,.uu, desires, and capacities of the
people of the country; utilizes the

country's intellectual resources to 

encourage institutional development; 

and supports civic education and train
ing in skills required for effective par
ticipation in governmental and political
 
processes essential to self-government.
 

The Government of Sri Lanka will pro
vide at least 25 percent of the cost 
of the activity. 

Not applicable.
 

The project will indirectly contri
buts to increased food production

and jail directly improve the avail
ablity of trained worker power in 
aty o The project will. also
improve GSL planning and implementa
tion capability.
 

The project recognizes the capacities
bf*the.perjon~eI .Qf the Survey Dept'
and'.by updating thit'"Ills.encourage
institutional development essential tc
GSL development planning & implemenia
tion. 



g. FAA Sec. 201(b)(2)-(4) and -(8); Sec. 

201(e); Sec. 211(a)(1)-(3) and -(8). 
 Does

the activity give reasonable promise of

contributing to the development: 
of econo-

mic resources, or to the increase of pro-

ductive capacities and self-sustaining

economic growth; 
or of educational or

other institutions directed toward social 

progress? 
 Is it related to and consis-

tent with other development activities, 

long-range objectives? 
And does project 

paper provide information and conclusion
 
on an activity's economic and technical
 
soundness?
 

h. FAA Sec. 201(b)(6); Sec. 
211(a)(5),(6).

*Information-and conclusion on possible

effects of the assistance on U.S. economy 

with special reference to areas of sub
*stantial labor surplus, and extent to
 
which U.S. commodities and assistance
 
are furnished in a manner consistent with

improving or safeguarding the U.S. balance
of-payments position.
 

2. Develoment Assistance Project Criteria
 
Loan only)
 

a. FAA Sec. 201(b)(1). Information 

and conclusion on availability of financing from other free-world sources, includ
ing private sources within U.S.
 

b. FAA Sec. 
201(b)(2). (1) Information 

and conclusion on capacity of the 

country to repay the loan, including

reasonableness of repayment prospects, 
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The project gives reasonable promise

of contributing substantially to
 
development of economic resources, of

increasing productive capacity and
 
self-sustaining economic growth. 
It

is vital to a variety of other develop
ment activities, and long-range object
ives. The Project Paper provides

information and conclusions on the

activity's economic and technical
 
soundness.
 

Various commodities will be provided

by U.S. firms, thus improving U.S.
 
balance of payments position.
 

Not applicable.
 

(1) Foreign debt service payments in
195 are estimated to be $134million
 
(Re. e,02b
million converted at 
 n.65
 
to be $1.00 US) as compared to $102
 

million in 1974. (Rs. 684 million
 
converted at 6.69 to $1.00 US.) The 
1975 foreign debt service payment
consists of $113 million (Rs. 862 
million) for repayment of principal an
 
$21 million (Re 162 million) for
 
interest payments. The debt service
 
ration between 1974 and 1975 increasec
 
to 22.9% from 17.8% in 1974. (Source:
 
Central Bank of Ceylon's Annual Report

for 1975.) Based on the foregoing
 



(2) reasonableness and legality
(under laws of country and U.S.) of 

lending and relending terms of the
 
loan.
 

c. FAA Sec. 201(e). It loan is not
made pursuant to a multilateral plan,
and the amount of the loan exceeds
,$100,000, has country submitted to AID an application for such funds together
with assurances to indicate the funds
will be used in an economically and

technically 
sound manner? 

d. FAA Sec. 201(f). Does project paper
describe how project will promote the
country' s economic development taking

into account the country's human and
material resources requirements and

relationship between ultimate objectives

of the project' and overall economic 
development?
 

e. FAA Sec. 202(a). Total amount of money under loan which is going directly

to private enterprise, is going to

intermediate credit institutions or
other borrowers for use by private
enterprise, is being used to finance 
imports from private sources, or isotherwise being used to finance procure
ments from private sourcesl 

and upon an expectation that other 
donors vill continue to provide
assistance on grant or concessional 
terms it is concluded that AID's
concessional lending terms (i.e.

repayment within 40 years, including

a ten year grace period on repayment
of principal; interest at 2% duringthe grace period, and 3% thereafter)
 
are Justified in Sri Lanka's case.
On such terms, the proposed loom will

not add significantly to Sri Lanka's 
debt service burden and the proppects

for repayment of the loan are reasonab
 
(2) The loan is legal under the lendin
laws of both countries. 

Yes. 

Yes.
 

.One hundred percent of the loan
proceeds will be used by the public
sector in Sri Lanka. Ninety-five 
percent of the money will be used

for procurement with less than five 
percent to be used for training. 



f. FAA -we. 620(d). If assistance is 
for any productive enterprise which will 
compete in the U.S. with U.S. enterprise, 
is there an agreement by the recipient
 
country to prevent export to the U.S. of
 
more than 20% of the enterprise's annual
 
production during the life of the loan?
 

3. 	Project Criteria Solely for Security
 
Supporting Assistance
 

FAA Sec. 531. How will this assistance 

support promote economic or political
 
stability?
 

Not applicable.
 

Not applicable.
 



PROCUREMENT WAIVER

DRAFTED: ASIA/PD/SA:SJFreundlich
 
INITIALED
 
WAIVER CORF/35/Loai O04E
 

ACTION MEMORANDUM FOR THE ASSISTANT ADMINISTRATOR, ASIA
 

FROM: 
 ASIA/PD, Alexander R. Love
 
Problem: 
 Request for a Proprietary Procurement Waiver inorder to
procure a Modified Cessna 421C aircraft with appropriate spare parts,
tools and familiarization training for four Sri Lankan Pilots.
 

(a)Cooperating Country : Sri Lanka 

(b)Authorizing Document : Loan 383-0045 

(c)Project : Agricultural Base Mapping 

(d)Nature of funding : Development Loan 
(e)Description of goods : - Cessna 421C aircraft, pressurized, twin 

reciprocating engines, 30,000 ft.
service ceil.ing 

- Pilot and maintenance training 

- Appropriate equipment spares and special
tools 

- Aircraft modification for aerial photography (installation for NF  2,B3 + 
RC 8/10) 

(f)Approximate value : $535,000 

(g)Source 
 : U.S. (Cessna Aircraft Corp.)
 
Discussion: 
 The host country implementing agency, the technical consultant
RDA and the USGS advise that the above aircraft and equipment is
an essential
element of the project inthat the project aims at improving the Sri Lankan
Survey Department's capacity to carry out its assigned responsibility to
do aerial photography and produce maps in support of other GSL rural
development agencies. 
 At present the GSL operates five Cessna 377 aircraft
and has adequate maintenance support for them. 
By obtaining an aircraft
supportable by similar parts and maintenance procedures, the project will
promote operations and maintenance standardization and thus reduce the
requirement for extensive long-term training and additional support
equipment. 
 In addition Cessna is the only aircraft company which maintains
facilities for parts supply and complete overhaul of its aircraft in this
part of 'the world (Singapore) through a 
factory authorized representative.
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Primary Justification: 
 The subject equipment is essential to this
AID-financed project, it has been certified by the technical consultant
as 
the least cost alternative aircraft having the necessary fusilage
capacity for housing the aerial photography equipment and personnel,
will promote standardization, is compatible with the equipment on hand,
will be subject to available and dependable servicing, and ismanufactured
and supplied solely by Cessna.
 

Recommendation: 
 For the above reasons, I conclude that exclusion of
procurement of this equipment from the source requested above would
seriously affect the success of this development project and impede
attainment of the objectives of the foreign assistance program in
Sri Lanka. Authority for approval of this action is provided for in
Handbook 11, Chapter 3C9a: 
 "Proprietary procurement for which AID has
determined that, in order to assure the interchangeability or standardization of equipment, or because of special design requirements, or for any
similar reason, purchase of a 
commodity by reference to a
specification, trade name, or designation is necessary." 
particular
 

I recommend that you approve this request for a Proprietary Procurement
Waiver to allow the purchase of this equipment and services from the
Cessna Aircraft Corp.
 

APPROVED:
 

DISAPPROVED:
 

DATE:
 



DEPARTMENT OF STATE
AGENCY FOR INTERNATIONAL DEVELOPMENT 

WASHINGTON. D.C. 10513 

PROCUREMENT WAIVER
 
DRAFTED: 
 ASIA/PD/SA:S .J.Freundlich
INITIALED
 

WAIVER CONTROL ASIA/77/36/Loan 0045
 

ACTION MEMORANDUM FOR THE AA/ASIA
 

FROM: 
 ASIA/PD, Alexander R. Love
 

Problem: 
 Request for a Proprietary Procurement Waiver in order to
procure equipment and appropriate spare parts essential to the
implementation of the Agriculture Base Mapping project in Sri Lanka.
 
(a) Cooperating Country : Sri Lanka 
(b)Authorizing L lient : Loan 383-0045 
(c) Projet : Agricultural Base Mapping 
(d) Nature of funding : Development Loan 
(e) Description of Goods 

Company 

- 40, 4 wheel 7ight - AMC 
hand drive Jeeps, 
long-wheel base, 
canvas-covered, 
diesel fuel 

- IBM 545 Card Punch - IBM
 
(7 units)
 

- Model llC-M Versamat 
 - Kodak 
Roll Processor (1 unit)
(Include installation
 
and training in opera
tion and maintenance)
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-
Litho sheet Processor 
 - Kodak
 
Kodalith 324 (1 unit)
 
includes installation
 
and 1 week training in
 
operation and main
tenance
 

- Mark IV Log-E printer, - Log-E
with roll head (1 unit) tronics
 
includes installation and Corp.

1 week training in
 
operation and maintenance
 

- Vacuum back for one 
 - Lanstrom
 
Lanstrom copy camera 
 Corp
 

-
Litho Offset Printing Harris Press
-

Machine (I unit) (AO size,

33 1/8 x 46 3/4 inches)
 

-
940 Light tables (3 units)-Richard Co.
 

- B & L 240 R Stereo-
 - Bausch
microscope, with 
 Lomb Inc.
 
bridge attachment for
 
940 table
 

-
B & L Zoom Transfer 
 - Bausch &
Scope, Model Z '.- 4 - H Lomb Inc.
with photo attachments
 
(1 unit)
 

- 12 s Multi Spectral Camera
 
(1 unit) 
 - International 

Imaging System. 
Inc. 

- 12 s Additive Color - International
 
Viewer (1 unit) Model 
 Imaging Systems
6040 - Pt 
- 210, with 
 Inc.
 
print framer head,
 
exposure control, ND
 
filters & film kit
 

- Original negative film, - Kodak
 
Plus - x Aerographic
 
(50 rolls)
 

- Diapositives, Aero- - Kodak
 
graphic Positive
 
(50 rolls)
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- Transparency duplicates, - Kodak 
Aerographic positive
 
(50 rolls) 

- Diapositives, Aerographic - Kodak 
positive sheets, 7 
mil
 
Estar base (200 boxes)
 

- Processing Chemicals; Dektol,- Kodak 
Kodak Rapid Fix, Versamat" 
type B, Litho 

- Developer, Hypo, Diazo, - KodakSensitizers and solutions,
 
Litho Plate Chemistry
 

- Color IR Film and Process-
 - Kodak
 
ing (6 rolls est.) 

- Color Film and Processing 
 - Kodak
(6 rolls est.) 

- Black and white Infra-red - Kodak 
film and processing
(7 rolls) 

- Cibachrome film - Kodak 

- 1 unit Kern MK II - Kern 

Instruments 
Inc 

(f) Approximate Value $681,000
 

(g) Source 
 See above list 

Discussion: The host country implementingRDA and the USGS advise 
agency, the technical consultantthat the above equipmentand is essentialthat no equipment to the projector manufacturer other than those indicated above willmeet the technical specifications required by the project or be compatible with the equipment inventory already in use by the GSL SurveyDepartment. 
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Primary Justification: The subject equipment is essential to this AID
financed project, has been certified by the technical advisor as the
 
least cost alternative able to meet the project's technical specifica
tion, will promote standardization, is compatible with equipment

already in use, and will be subject to available and dependable service.
 

Reconmendation: 
 For the above reasons, I conclude that exclusion of
 
procurement of this equipment from the sources requested above would
 
seriously affect the success of this development project and impede

attainment of the objectives of the foreign assistance program in 
Sri Lanka. Authorization for approval of this action is provided for
 
in Handbook, chapter 3C9a: "Proprietary procurement for which AID
 
has determined that, in order to assure the interchangeability or 
standardization of equipment, or because of special design requirements, 
or for any similar reason, purchase of a commodity by reference to a 
particular specification, trade name, or designation is necessary." 

I recommend that you approve this request for a Proprietary Procurement
 
Waiver to allow the purchase of this equipment.
 

Approved
 

Disapproved
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1.0 INTRODUCTION
 

Reports prepared for USAID by Resources Development Associates
 
in November 19761 and April 1977, regarding the proposed Agricultural
 
Base Mapping Project in Sri Lanka were reviewed during the month
 
of July 1977 by several departments within the U. S. Geological
 
Survey, including the Branch of International Activities, Branch
 
of Photogrammetry, Office of Research and Technical Standards, and
 
the Mapping Requirements Office. During the first two weeks of
 
August, a series of meetings were held at the USGS/Reston, Virginia
 
facility with representatives of the USGS, AID/Washington, AID/
 
Colombo, the Sri Lanka Survey Department, and Resources Development
 
Associates to discuss possible modifications or improvements in
 
the program for Sri Lanka. 
A list of personnel attending these
 
meetings is attached (Table 1).
 

Goals and objectives of the Sri Lanka program were reviewed,
 
together with existing constraints and circumstances peculiar to
 
developing country operations in general and Sri Lanka in particular.
 
Technical and operational procedure questions arising from the USGS
 
review were discussed and satisfactorily resolved. In general, it
 
was agreed that the program, as originally designed, was appropriate
 
and would meec the information and mapping needs of Sri Lanka.
 
The 	principal changes recommended were:
 

1. 	Inclusion of a 1:50,000 map series, using a new
 
photo-reduction technique employed at the USGS
 

2. 	An increase in the number of field vehicles for
 
ground control
 

3. 	Substitution of Kern PG2-AT and MK-2 triangulation

equipment for the Wild A10/EK-22/Aviotab TA unit
 

4. 	An increase in the overall level of technical assistance.
 

. Craib, X.B. and J.W. Cain, Agricultural Resources Inventory and
 
Base Mapping in Sri Lanka: 
 A Program Assessment and Evaluation,"

Contract No. AID/afr-C-l135-4, Resources Development Associates,

November 1976
 

Craib, K. B., 
W.R. Ketler, J.W. Cain, and E.M. Knibiehly, Sr.,

"Agricultural Resources Inventory and Base Mapping in Sri Lanka:
Program Design and Recommendations," Contract No. AID/afr-C-1135-7,

Resources Development Associates, April 1977
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12.
 

Bill McDonald 
 Chief, Branch of International
 
Activities, USGS/Washington.

(703) 860-6241
 

Charles Morrison 
 Branch of international Activities,

USGS/Washington
 
(703) 860-6241
 

Roy R. Mullen 
 Chief, Office of Research and
 
Technical Stancards, USGS/Washingtor
 
(703) 860-6241
 

Morris L. McKenzie 
 Branch of Photogrammetry, Office
 
of Research and Technical Standards
 
USGS/Washington
 
(703) 860-6271
 

Marshall Wright 
 Mapping Requirements, USGS/Washington
 

(703) 860-6741
 

Jeff Evans USAID/Colombo, Sri Lanka
 

Frank Kenefick USAID/Washington
 
(7n3) 235-8910
 

Steven Freundlich 
 USAID/Washington
 

(703) 235-8910
 
Christopher Nanayakkara 
 Deputy Surveyor General, Sri Lanka
 

Kenneth B. Craib 
 Director, Operations, Resources
 
Development Associates, California
 
(415) 961-7477
 

Earle M. Knibiehly, Sr. 
 Resources Development Associates,
 
Washington, D.C.
 
(703) 323-1994
 

Table 1: Attendance, Sri Lanka/USGS/AID Meetings, August 1977
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These items and related minor changes recommended are discussedseparately here, and presented as an addendum to the technical
 
analysis which follows:
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2.0 THE 1:50,000 SCALE MAP SERIES
 

As originally proposed, aerial photography will be acquired
 
at a scale of 1:50,000. Manuscripts are machine-compiled at a
 
scale of 1:10,000 from this photography. These manuscripts then
 
form the base for the 1:10,000 scale map series. As produce.
 
by the B-8/A-8 equipment, these manuscripts typically contain
 
minor errors and irregularities that are subsequently corrected
 
manually before the 1:10,000 maps are produced. This manul
 
correction and scribing process is time-consuming. While procedural
 
changes recommended earlier will result in considerable improvement
 
in this area, the function will not be totally eliminated.
 

The USGS has proposed that the 1:10,000 base manuscripts as
 
produced by the machine be directly copied and photoreduced to
 
1:50,000 to produce a new national map series at that scale.
 
This will require some additional effort in the Photo Laboratory
 
and Map Producrion branches, and will involve a minor increase
 
in materials required. It will not require increases or any
 
change in the triangulation or compilation procedure and only a
 
minor reorganization and increase of effort in Field Edit. It
 
may extend the overall program time schedule by as much as a year.
 

The principal advantage from incorporating this change is
 
that a new national map series may now be produced approximately
 
one year after photography is completed, or an estimated two years
 
after project initiation. This 1:50,000 series will directly
 
replace the existing 20-year old 1:63,360 map series and will
 
provide an immediately useful tool for regional planning purposes.
 
The 1:10,000 series, now estimated complete at the end of the
 
sixth year instead of the fifth year after project initiation,
 
will be produced from the same photographic materials and form
 
the necessary base for more detailed project planning and
 
development activities. No new equipment, other than that
 
required for the 1:10,000 mapping project itself, will be
 
needed to produce this interim 1:50,000 map series.
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3.0 FIELD VEHICLES'
 

The USGS review expressed concern over the ratio of field
 
vehicles to field control and edit teams. 
 The number of vehicles
 
should be increased beyond that recommended in Section 4.4 1 of
 
the April report, particularly if the 1:50,000 map series is to
 
be produced within two years of project start.
 

As noted on page 57 of that report, a total of 10 field
 
control and 38 field edit teams were suggested. Following
 
discussions at USGS, concensus was reached that field control
 
and edit functions can be performed simultaneously by one team
 
on a single visit without materially affecting the accuracy of
 
the final product. 
This reduces the total time required in the
 
field (from two visits to each point, to one visit). As the
 
field edit function was the pacing item, then a total of 38
 
control/edit teams will be necessary. 
If these teams are to
 
meet the two-year schedule, then a 1:1 vehicle-to-field team
 
ratio is recommended.
 

It is recommended that 40 field vehicles be purchased and
 
specifically designated for use on 
the Agricultural Base Mapping
 
Project. These vehicles should be four-wheel drive, long wheel
 
base, with trailer hitch and a canvas top.
 

Ibid, Section 4.4.1, pages 56-57
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4.0 TRIANGULATION
 

Recent unpublished tests at USGS have indicated that the
 
Kern PG2-AT stereoplotter/digitizer/coordinatograph unit is
 
comparable in accuracy and quality of output to the Wild A10
 
stereoplotter/digitizer/coordinatograph. 
These results are
 
particularly significant in that the Wild A10 has been con
sidered to be the standard of the industry, and is Friced
 
significantly higher than the Kern equipment. 
The USGS also
 
recommends purchase of a monocomparator.
 

It is recommended that two Kern PG2-AT units and a Kern
 
MK-2 monocomparator be purchased for this project, replacing
 
the Wild Al0 system originally indicated. This combination of
 
equipment will improve both production rates and quality of
 
output.
 

Ibid, Section 4.4.2, pages 57-58
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5.0 TECHNICAL ASSISTANCE
 

Wi#h the inclusion of a 1:50,000 scale map series to be
 
published within the first two years of the project, the
 
availability of a technical advisor thoroughly experienced in
 
all phases of photography, cartography and map production
 
becomes even more-important. Following the recent meetings
 
at USGS, it is recommended that the services of the Principal
 
Technical Advisor (ref. April report, pg. 72) be extended from
 
24 to 36 months.
 

Concern was expressed over the relatively high-photo
 
re-flight rate anticipated. To meet this problem and to
 
insure the timely availability of high-quality photography,
 
it was suggested that services of an experienced photo pilot
 
and cameraman be acquired as 
part of the'TA component.
 

It is recommended that the TA budget include an estimated
 
six man-months of photo pilot time and three months for an
 
aerial photographer. During a six month period, the pilot could
 
be expected to adequately train andcheck out at least three
 
SLAF pilots in abrial photographic flight procedures and
 
techniques. If the photographer TA were carefully coordinated,
 
then over a three month period 1:50,000 scale aerial photography
 
might be obtained over nearly the entire country, while at the
 
same time providing training to.GSL counterparts.
 

With this photography available at the beginning of the
 
program instead of phased over a several-year period as originally
 
planned, production of the 1:50,000 map series can begin immediately
 
Portions of Sri Lanka where land use cIange is particularly dynamic
 
or critical should be re-photographed in subsequent years to permit
 
up-dating for the 1:10,000 map series. 
The aircraft would then be
 
operated by.the GSL crew to obtain this supplemental photography
 
as required, and to acquire lower altitude photography to support
 
detailed development activities.
 

Ibid, Section 4.7, pages 69-72
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An additional three man-months of "short-term specialist"
 
technical assistance was also suggested to support expanded
 
activities within the User Assistance Center (previously termed
 
Remote Sensing and Survey Research Center, reZ. April report,
 
page 72). With these changes incorporated, the timing and level
 
of technical assistance indicated on page 72 would become:
 

Approximate 
Timing 

Long Term Short-Term 

Year 1: Principal Technical Advisor 12 mm 
Geodetic Survey Specialists 
Other Short-Term Specialist 
(Remot Sensing, Photo Lat, 
Others as Required) 

2 mm 

3 mm 

Year 2: 
 Principal Technical Advisox .2mm
 
Photo Pilot 
 6 mm
 
Aerial Photographer 
 3 mm
 
Other Short-Term 
 4 mm
 

Year 3: Principal Technical Advisor 
 12 mm
 
Short-Term Specialists 3 mm
 

Year 4: Short-Term Specialists 2 mm
 

Year 5: Short-Term Specialists 
 1 mm
 

Year 6: Short-Term Specialists 
 1 mm
 

TOTAL 
 36 mm 25 mm
 



The Principal Technical Advisor should mobilize to Sri Lanka 
at the beginning of the project to assist with facilities
 
renovation planning, equipment planning and implementation.
 
Assuming delivery of the survey aircraft to Sri Lanka in mid
1978, the Photo Pilot should mobilize to Sri Lanka about October
 
1978, with the Aerial Photographer to follow in January 1979.
 
The six-month period of performance for the Photo Pilot would
 
thus include the two best "photo seasons" in Sri Lanka, and the
 
Photographer would be available for the primary Janua y-March
 
season when total country cloud-free coverage-is most likely
 
to be possible. 
The remainder of the short-term specialists
 
should be available to visit Sri Lanka on relatively short
 
notice to support the program as required. The indicated
 
schedule represents probab-e utilization.
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6.0 OTHER ITEMS
 

Several additional items-with less overall impact on the
 
proposed project were also reviewed and discussed. Areas of
 

change or improvement are discussed separately here.
 

6.1 Overlap
 

The USGS recommends, and RDA concurs, that the planned
 
sidelap be increased from 20% to 30%, particularly for photograph3
 
acquired from an altitude of 25,000 feet above mean terrain.
 

With 20% sidelap, an estimated 31.7 photographs will be
 
required to cover each "Index" area. 
If a reflight rate of
 
25% is assumed for planning purposes to cover errors and changes
 
in terrain, then 40 photos per sheet are indicated, or approximately
 
2,300 photos (and stereo models) for the entire project! If a 30%
 
sidelap is assumed, then approximately !6.3 photos are required per
 
Index area. If a reflight rate of 10% is then assumed (normal
 
reflight rate with 30% sidelap is 5% or less, 10% allows for
 
weather problems); then 40 photos should be required for each
 
shet, leaving the original estimate of 2,300 stereo models
 
unchanged.
 

6.2 Film Storage
7
 

Kodak recommends that the film storage area 
(ref. April report,
 
page 51) include both "cool" and "cold" storage sections. Cold
 
(freezer) storage will permit storage of infrared films for periods
 
in excess of one year, and will greatly extend the shelf-life of
 
other-photographic materials. "Freezer storage" can be included
 
in current plans for building renovation at essentially no increase
 
in cost.
 

6 TJ-id, Appendix A, Derivation of Map Production Rate, pages A2-A4
 
7 Ibid, page A4
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6.3 User Assistance Center Equipmenta
 

With one exception, it is recommended that equipment originally
 
suggested for the User Assistance Center (originally Remote Sensing
 
and Survey Research Center) be acquired, and in some cases the
 
number of items should be increased to support the expanded role
 
now anticipated for this Center.
 

The exception is the Video Processing Equipment. Subsequent
 
discussions with GSL personnel indicate that maintenance for this
 
item could be a major problem in Sri Lanka. Accordingly, this
 
should be-deleted from the recommended list and replaced with
 
comparable equipment, more "optical" than "electronic" in nature.
 
A Multispectral Camera and Additive Color Viewer are recommended.
 
These units in combination will cost slightly more but will be
 
easier to maintain than the Video Image Processor, and will serve
 
much the same purpose.. In addition, the Additive Color Viewer
 
may be used to support research and investigations of the utility
 
of LANDSAT satellite data for related applications in Sri Lanka.
 

6.4 Staffing and Training Requirements
 

Recent chan-4s in the Sri Lanka government situation make
 
possible a multiple-shift working operation in the 
Survey
 
Department. To maintain a production rate of 3.2 models per day
 
in the Compilation section will require a two-shift operation
 
(ref. April report, Appendix A, pages A6-AlO). With the added
 
objective of a 1:50,000 map series within the first two years of
 
the project, this area becomes more critical. It is felt that the
 
required production rates can be achieved and maintained with the
 
additional equipment now proposed. 
Some increases in Survey
 

Ibid, Section 4.8.1, page 74
 

9 Ibid, Section 4.6, pages 66-69
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Department personnel assigned to this project may now be desirable,
 
however.
 

As shown in Table 7, Survey Department Staffing Requirements,.
 
of the 23 people currently assigned in the Photogrammetry section,
 
20 will be required to support the 1:10,000 scale Agricultural
 
Base Mapping Program. Fifteen additional photogrammetric technicrians
 
might be required in the compilation operation to complete the
 
1:50,000 scale mapping program as scheduled. These personnel are
 
presently available within the Survey Department and will essentially
 
only require reassignment. An estimated 10 additional draftsmen
 
might be required in the Drawing Office; these people are currently
 
available in that office.
 

Such assignments to this project would of course increase the
 
total GSL contribution. Assuming a total of 25 additional people
 
at an average salary of 5,000 Rs p/a for a period of about two
 
years, then the total GSL contribution increases from an estimated
 
$1,582,3061 to approximately $1,618,000.
 

6.5 Aircraft Insurance
 

It is recommended that liability and hull damage insurance
 
be obtained for this aircraft, concurrent with purchase, and be
 
maintained in effect for at least the anticipated lifetime of
 
this project. If this insurance is underwritten by Lloyds of
 
London (the most likely underwriter in t is case), $1,000,000
 
liability coverage would be $1,250 annually at current rates.
 
All-risk hull insurance, specifically excluding personnel
 
insurance (flight crew personnel are assumed covered under
 
separate and existing pclicies through their respective organi
zat:!on), would be about 1.85% annually at current rates. 
Assuming
 

10 Ibid, Section 4.6.2, page 68
 

1 Ibid, page 111
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an aircraft value of $385,000 after modification, and allowing
 
for "no claim" rebates and anticipated rate changes, a budgetary
 
figure of $8 ,
 400/year should be adequate to cover basic insurance
 
needu.
 

As an added option, "breach of warranty" coverage would be
 
available for up to 90% of the original aircraft value. 
This
 
would protect against losses resulting from "incorrect" operation
 
of the aircrafr by "unqualified" GSL personnel (qualifications
 
to be defined by the underwriters. Typically might require pilots
 
to have a minimum 500 hours multi-engine time). With this option
 
added, total insurance costs would be approximately $9,000/year.
 
As this would be an annual cost, it might appropriately be
 
included as 
a line item under Section 7.4, Materials (page 104
 
of the April 1977 report).
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1.0 SUMMARY 

An analysis of the Survey Department, Government of Sri Lanka
 was made to establish the requirements for the Agricultural Base
Mapping Project. The investigation involved all of the major
aspects of mapping operations from acquisition of the aerial
photography to the printing of the resulting three-color map series.
 
The introduction of the first large scale mapping program in
20 years represents a substantial undertaking by the Survey
Department. 
Since their only aircraft,has been inoperable for
nearly two years there has been no new photography on which to
work. Consequently, the maps which have been made recently were
mostly prepared from ground surveys. 
 This does not require the
same process nor does it impose a large load. 
The 1:10,000 scale
mapping project will necessitate the conversion of that portion
of the Survey Department involved into a large scale production


operation, with all its attendant ramifications.
 

The Survey Department is capable of performing the Agricultural
Base Mapping Project. 
However, they will require financial support
to procure the necessary additional equipment and materials and to
make improvements in their present facility. 
Also, to accomplish

the work which willbe required to complete the 1:10,000 scale
mapping project within five years they will have -to introduce some
 
operational changes.
 

To cope with the production load to be imposed will require
changes in the organization, procedures, and facilities as well
as the requisition of new equipment and materials. 
The major items
to b3 purchased include a suitable aircraft, plotting instruments
 
and film processing equipment and a litho press. 
To obtain the
best use of the new as well as existing equipment requires the
renovation of the existing offices to accommodate the air conditioning
necessary for temperature and humidity control. For more efficient
 map production some changes in procedures and organization have to
be made. 
The major change in methods involves the use of a more
modern technique for preparing the map manuscripts which reduces
 
manual effort to a manageable level.
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With the recommended equipment and improvements the Survey 
Department will be capable of completing the Agricultural Base
 
Mapping Project within a period of five years. 
 However, to assure
 
that the required production level and quality is maintained, 
continued technical assistance should be provided the Survey 
Department. 
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2.0 CONCLUSIONS AND RECOMMENDATIONS
 

The 	analysis of the Agricultural Base Mapping Project and
 
the Survey Department has resulted in a number of conclusions
 
and recommendations. 
They touch upon nearly every facet of the
 
project and are, therefore, scattered throughout the report..To
 
emphasize the most important findings and 
make them more visible
 
they are summarized here in very concise form.
 

1. 	The Survey Department will be capable of performing

the Agricultural Base Mapping Project if they obtain

the necessary support. 
It is, therefore, recommended

that financial assistance be made available to the

Government of Sri Lanka for this purpose. 
The
estimated loan cost of the program is $3,125,000.

This is the least costly and most effective approach

to accomplishing the objectives of the proposed project.
 

2. 	The Government of Sri Lanka should be responsible for
and undertake those portions of the facilities work
which do not require foreign exchange, essentially

everything but the air conditioning equipment and

chemical tank farms included in the costs above.
 

3. 	The Survey Department should agree to make the

recommended operational changes. Primarily, these
pertain to adoption of the subtractive filtration

method of preparing color separations, establishing
a central wet lab for photo processing, substituting

polyester film diapositives for glass, and incorporating
 
a quality assurance monitoring function.
 

4. 	A Remote Sensing/Survey Research Center should be

established to develop and test new and improved

methods.
 

5. 	A new aircraft, suitably modified, will be required

to obtain the aerial photography required for this

project. 
There are no aircraft currently in the
SLAF inventory or otherwise available that meet the

minimum operational requirements of this project.

This alternative is less costly than contracting

separately for aerial photographic services and is
 
preferred on technical grounds.
 

6. 	As a prerequisite to procurement of an aircraft,

the Survey Department should provide a suitable
 
agreement with the Air Force concerning maintenance

and the conditions under which the Air Force might
 
use the aircraft.
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7. 	The Survey Department should designate an individual
 
to be responsible for the availability and operational

readiness of the aircraft.
 

8. 	The aircraft should be insured against loss or damage.
 
9. 	Major items of equipment should be procured directly


rather than through the GSL to minimize cost and delay.
 
10. 
 The operations plan for the Agricultural Base Mapping


Project should be based upon completing portions of the
country in roughly equal segments in accordance with
national priorities. This will provide an even
continuous flow of work and provide for additional

capacity to perform other, larger scale, mapping

assignments as required.
 

11. 	 Data from the LANDSAT satellite is not sufficiently

accurate, by an order of magnitude, for mapping at

the 	1:10,000 scale required by this project.
 

12. 
 The concept of "user charges" by the Survey Department
does ndt appear to be practical at this point in time.
 
13. 	 Air conditioning and facilities renovation work
should be initiated as soon as possible.. An estimated


six-eight months will be required to complete this
work. 
This 	must be completed prior to initiation of

production operations.
 

14. 	 Orders should be placed as soon as possible for the
aircraft and other major cost items. 
Aircraft costs
in particular are expected to increase by 10% within
three to four months. 
This 	item has an estimated six
 
months lead time.
 

15. 
Color filters and pens required for the color separation
scribing technique should be obtained as soon as possible

to permit operators to practice this new method.
 

16. A technical assistance component is recommended.
 
.17. 
The project should be examined at the following points:
 

• At completion of facilities renovation, to
 
insure adequate temperature, humidity, and
 
power control
 

* 
Six months after initiation of operational
 
program, to evaluate progress, preliminary

production rates achieved, and organizational
 
structure
 

* 12 months after initiation of operational program,

to evaluate progress, production rates, and product

quality
 

• Similar evaluations at 24, 36, 48 and 60 month
 
points.
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3.0 OBJECTIVE OF THE REPORT
 

The United States Government, acting through the Agency for
 
International Development, desires to aid the Government of Sri
 
Lanka in preparing for and conducting an Agricultural Base Mapping

Project. 
To this end, a team of specialists from Resources
 
Development Associates visited Sri Lanka during the period

January-March 1977, to assist the AID mission and the GSL Survey

Department with a review of program requirements and development
 
of a final plan.
 

The specific objectives of this effort included the following
 
items:
 

1. Map Production Unit
 

" 
Perform a work flow analysis, identifying problem.

areas and recommended solutions
 

" 	Develop recommendations concerning organization and
operations for more effective use of existing and
 
new equipment
 

2. Staff Requirements
 

- Determine staff requirements to implement the
 
project
 

- Review requirements for phasing of additional
 
staff
 

- Review alternatives for meeting work load
 
requirements
 

. Evaluate staff training needs
 

3. Facilities Requireinents
 

.
 Review existing physical plant and facilities
 
-
Define needed improvements
 

4. Equipment and Materials
 

• Perform detailed review of all equipment and material
 
needs and costs to support the project
 

" 
Recommend phasing of equipment/material orders
 
• Define requirements and costs for field vehicles
 
• Assist the Survey Department with development of
specifications and ,tender documents for equipment

and materials neeced
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5. Aircraft
 

" 
Develop detailed recomnendations for and specifications

of aircraft requirements, instrumentation and modi
fication
 

" 	Evaluate possibility of modifying existing SLAF
 
aircraft.
 
Review economic/technical feasibility of contracting

for flight services
 

* 	Identify procurement sources and prepare cost
 
estimate for required aircraft
 

* Identify ground support equipment requirements
 
* Definerequirements for personnel and/or training 
* Review film handling and operations procedures
 
* Assist the Survey Department with preparation of 
draft tender/contract documents 

6. Remote Sensing/Survey Research Center
 

" 
Review feasibility and make recommendations
 
concerning establishment and organization
 

" Develop specifications, identify sources and costs
of data analysis and interpretation equipment required
 
" 
Identify personnel training requirements
 

7. Implementation Plan
 

" 	Estimate photography/cartographic needs by region

and type
 

" 
Develop initial implementation plan
 
" 
Identify mapping priorities
 

8. Other
 

" 	Identify relationship/complementarity between
LANDSAT and Agricultural Base Mapping Project
 
" 	Identify continuing local and foreign exchange

costs that must be borne by the GSL to maintain
 
the project
 

" 
Review and determine feasibility of "user charges"
 
system
 

" 
Identify key project evaluation points
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3.1 The Procesw of Aerial Pfctogzrapifi.Map,Production
 

A short description of the mapping process appears to be
 
an appropriate preamble to further discussions on the subject of
 
the proposed Sri Lanka Agricultural Base Mapping Program.
 

Maps which depict both horizontal (planimetric) and vertical
 
(contour) detail generally are termed "topographic." The final
 
map product desired by the Government of Sri Lanka (GSL) will be
 
at 1:10,000 scale with a contour interval of five meters, and
 
falls into this category.
 

In order to size (scale), locate and orient the map on the
 
surface of the earth, some "ground control" must be established.
 
Simply, this consists of a series of points whose geographic positions
 
and elevations are known precisely, and which later can be identified
 
in aerial photography. This series (network) of points is called a
 
geodetic net because it is referenced mathematically to the geoid 
-

a geometric shape computed and assigned to the particular area of
 
the earth being apped. (Unfortunately for cartographers, the earth
 
is not a sphere, its surface is not of the same radius at all places,
 
and maps are generally printed on flat paper.) Starting from a
 
basic astronomic observation point, in conjunction with a precisely
 
measured distance on the ground, a series of angles can be measured
 
(with theodolites) which extend the original measured distance
 
trigonometrically into other "legs," forming a network of computed
 
distances related to each other. 
When the area of interest has
 
been thoroughly measured (surveyed), with legs generally being as
 
long as a line of sight will permit, another astronomic observation
 
point can be made and another base line precisely measured. Those
 
can then be checked against the computed position and distance for
 
that point and leg. Disagreement, caused either by compounded
 
instrument angle-measurement errors, or from an incorrect assumption
 
of the geoid shape, will then be adjusted mathematically, propor
tionately throughout the net, with a new geographic coordinate being
 

6k
 



established for each point measured 
- which in turn can be
 
identified on the aerial photography. All of the information
 
amassed by this process forms the basic "ground control" for
 
the topo-map.
 

A series of aerial photographs is then exposed over the area
 
of ground control. The photographs are usually taken to allow
 
a 60% overlap, one over the previous one. This is necessary to
 
allow for stereoscopic viewing of the photography, and subsequent
 
secondary control extension, which is needed to properly orient
 
and locate each photograph onto its proper place on the earth.
 
The original ground control might appear in only a few of the
 
photos of the series. The secondary control is established by
 
orienting photographs of a stereo-pair in a photogrammetric
 
plotting instrument, and in the process locating them with respect
 
to the original network of ground control. The instruments used
 
for this purpose are necessarily quite precise (and correspondingly
 
expensive) in order to be able to relate horizontal and vertical
 
(through stereo) measurements from--l50,000 scale photography
 
(in this case) to a map scale of 1:10,000 at an accuracy which
 
allows the placing of ink lines on the map to the tolerance of the
 
line width.
 

Once stereo photographs are oriented .with respect to one
 
another (relative orientation), they are then oriented as a pair
 
(absolute orientation) to the net of ground control. 
The first
 
series of photos is paralleled by another strip, overlapping by
 
about 30% usually, and another, and so on until the desired area
 
is covered and secondary control established - thereby locating
 
precisely every photograph.
 

The same plottinq instrument can be used both for tracing the
 
contour lines and the ground detail onto a "manuscript." This is
 
generally not doire, 
as.the actual plotting of detail can be done
 
more efficiently on other, somewhat less expensive, instruments
 
using the secondary ground and photo control established by the more
 
complex instrument.
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The manuscript, with all photographic information traced into
 
it in proper geographic position, is then placed on a light table,
 
overlaid with translucent material, and detail traced by cutting
 
lines (scribing) into the surface of the overlaid material. 
A
 
separate overlay is scribed for each color desired to be printed
 
on the final map; 
a process known, appropriately, as "color
 
separation." 
 (This is a generic term, used liberally in other
 
applications also.)
 

Each of these color separations is photographed on a large
 
(copy) camera at 1:1 scale, and a negative is made. Meanwhile,
 
zinc plates of proper size have been coated with a light sensitive
 
emulsion. 
A negative is overlaid onto a plate, exposed to light,
 
and the plate is chemically developed - it is now a printing plate,
 
which is placed into a lithographic printer. After inking the
 
plate in the proper color, paper is passed by the plate (or vice
 
versa) and the map printing process has begun. After the first
 
pass and inking, successive passes are made using the other color
 
separation plates and correspondingly colored inks, until the map
 
sheet shows the information originally determined from the photography.
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4.0 TECHNICAL ANALYSIS
 

To assist the USAID mission/Sri Lanka in the development of
 
the Agricultural Base Mapping Project an analysis of the Survey
 
Department was made. 
The purpose of this investigation was to
 
define the flow of work, identify potential problem areas and
 
develop recommendations for solving these problems. 
 The output
 
of the analysis forms the basis for more efficient and effective
 
map production.
 

The process-of making maps from aerial photography is, at
 
least in concept, fairly simple. Basically, to produce maps
 
requires the following ingredients:
 

1. 	The means to obtain aerial photos
 
2. 	Technical knowledge of the methods of
 

photogrammetry and geodesy
 
3. 	A suitable facility
 

4. 	The necessary equipment
 
5. 	Materials with which to work
 
6. 	The manpower to do the work
 
7. 	An organization and management to see that
 

the work is accomplished.
 

In actuality producing maps is somewhat more complicated.
 
There is no single best way to perform the necessary tasks. For
 
each step of the process there are alternative ways of achieving
 
the desired result. To determine the most efficient methods,
 
considering the circumstances, requires an assessment of their
 
benefits in the light of cost and other constraints.
 

4.1 The Map Production Process
 

In general, the production of maps from aerial photographs
 
requires the same basic steps regardless of.where or how they are
 
made. These basic steps, and the outputs of each, are listed in
 
Table 1. 
These are the steps which were examined in detail to
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Step in Process 


Photo Acquisition 


Film Processing 


Field ControJ 


Triangulation 


Compilation 


Field Edit 


Scribing 


Plate Making 


Printing 


Product/Output
 

Aerial Photos
 

Original Negative,
 
Paper Prints and
 
Diapositives
 
Additional Ground
 
Control Points
 
Oriented Models
 
(Stereo Pairs)
 
Draft Manuscript
 

Completed Manuscript
 

Color Separations
 

Litho Plates
 

Map Sheets
 

Table 1: MAJOR STEPS IN MAP MAKING
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determine the efficiency and effectiveness of Survey Department
 
Operations, identify problems and indicate ways in which the
 
process should be improved
 

4.1.1 Present Work Flow
 

The Survey Department is not currently making maps from aerial
 
photos in a production mode. 
While some maps are being made, they
 
are either from old aerial photos or are based upon ground survey

data. Nevertheless, the Survey Department does have a certain
 
latent capability for map making based on the existing facility
 
and equipment as well as the methods which have been employed in
 
the past. 
This provides the point of departure for recommendations
 
regarding enhancement of the map making capability in general and
 
initiation of the 1:10,000 scale Agricultural Base Mapping Project
 
in particular.
 

4.1.1.1 Photo Acquisition
 

The area for which maps are required is determined on the
 
basis of a long term Survey Department plan and individual requests
 
from other governmeni agencies. 
Both are the result of national
 
priorities related to agricultural requirements. Flights are
 
scheduled in accordance with the capacity of the map making
* 
resources.
 

Prior to each photo mission a flight plan is prepared based
 
on the existing 1:63,360 map series. 
 Flight lines are east-west
 
with a maximum ler. 
 of 150 miles. A 60% forward lap is used
 
to provide stereo coverage. 
A 20% side lap is provided to allow
 
for navigatio-al errors. 
 Because the existing photography does
 
not provide an adequate basis for aerial navigation-to maintain
 
a 20% side lap, the Survey Department expects to have a maximum
 
of 50% reflights.
 

* 
At the present time, the Survey Department does not have an
operable aircraft, and thus has no photo acquisition capability.
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The mission duration varies according to the requirements
 
for coverage and the capacity of the map making process. 
A
 
standard aerial cassette contains 250' of film which provides
 
up to 300 exposures in the 9"x9" format. 
However, partial rolls
 
can also be used by respooling in the dark room.
 

The photo acquisition process is shown schematically in
 
Figure 1.
 

4.1.1.2 Film Processing
 

Because of the low volume of aerial film that has been processed

in the past, the film is developed, fixed and washed manually. 
The
 
film is unloaded from the crassette and placed in a reel to reel
 
type processor. Although these may be motor driven, the film is
 
usually processed by winding the film back and forth by hand.
 

After development of the original negative it is titled by
 
hand indicating mission, roll, date, etc. 
Contact paper prints
 
are made from the negative. One set becomes the photo index. 
 It
 
is used to check forward and side lap and determine the necessity
 
for reflight and given to the pilot to plot new flight lines. 
One
 
set is sent to the Photo Library for storage and reference. One
 
set is used to indicate if and where additional ground control
 
points are needed based on existing ground control identified on
 
the 1:63,360 map sheets. 
This set is forwarded to the field survey
 
parties for addition of field control information. Glass dia
positives of each stereo pair (model) are prepared on manually
 
controlled contact printers. 
These are later used in triangulation.
 

At the present time the only means of making paper prints is
 
a contact print box. 
The obsolete model LogETronic printer is
 
inoperative.
 

The film processing and indexing operation is illustrated in
 
Figure 2.
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4.1.1.3 
 Field Control
 

The prints of aerial photos with ground control points

identified are sent to field survey teams. 
 These teams locate
 
the position and elevation of the points. 
 Insofar as possible

control points are located for convenience of access. However,
 
due to the sparse network of roads and the terrain in parts of
 
the country, the points on the ground are not always readily
 
accessible.
 

The Survey Department has estimated on th& basis of the
 
1:63,360 scale maps that a minimum of 920 control points will
 
be necessary to complete the 1:10,000 scale map series. 
To be
 
consistent with other planning figures, this number should be
 
increased about 25%. 
This would result in approximately 1150
 
points to cover the entire country.
 

4.1.1.4 Triangulation
 

The original control net (horizontal and vertical) from the
 
1:63,360 maps supplemented by the additional field control points

is used for relative and absolute orientation of each stereo
 
model (pair).
 

The glass diapositives prepared by the Photo Lab are used
 
in the single Wild A-7 to bridge seven stereo pairs. 
A block
 
adjustment of the horizontal and vertical pass points between
 
terminal models is accomplished analytically by computer to fit
 
the geodetic control net of the country.
 

The steps in field control and triangulation are shown in
 
Figure 3.
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4.1.1.5 Compilation
 

Compilation of the individual stereo models is accomplished
 
using three Wild A-8's and four Wild B-8's. The Wild A-7 can
 
also be used for this purpose when it is not needed for triangulation.
 
Manuscripts are drawn in pencil by coordinatographs capable of
 
about 7X magnification. The manuscripts are produced in three
 
colors using brown pencil for topography, blue for hypsography
 
(drainage) and black for planimetry. Place names in three
 
languages (Sinhala, Tamil and English) are 
added later.
 

The Survey Department currently uses two men 
to do the compilation;
 
one operates the Wild and the other monitors the coordinatograph. The
 
latter is also qualified to do the compiling. Presumably these
 
individuals take turns doing the compiling to maintain proficiency.
 

A composite or proof copy of the manuscript is prepared for
 
office and field editing.
 

4.1.1.6 Field Edit
 

The original manuscript as well as a composite or proof copy
 
of the manuscript is sent to the field for editing and correction
 
on the ground. The field party consisting of a surveyor and ten
 
laborers checks the manuscript against ground conditions using a
 
copy of the existing 1:63,360 scale maps as a guide. 
Changes,
 
corrections, and additions are noted on the composite. 
The
 
original manuscript is supposedly used only for reference--purposes.
 
On completion of field work the original and edited copy are returned
 
to the Survey Department.
 

Compilation and field edit steps are included in Figure 3.
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4.1.1.7 Scribing
 

The original manuscript is corrected in accordance with the
 
field edit. 
Three blue line prints of the revised manuscript
 
are then made on scribecoat material by exposing the original in
 
a copy camera. 
Each of the three copies is scribed by hand to
 
produce a color separation for each of the types of features to
 
be printed on the map sheet. 
One of the copies contains the
 
contour lines 
(topography), another drainage (hypsography) and
 
the third the cultural features such as roads, dams, buildings,
 
etc.
 

While the hand scribing is in progress type is set manually

for the place names. 
Three sets are made, one for each language
 
required,and the names located on an overlay.
 

A composite is made to determine conflicts and overlaps
 
and perform final edit. 
The necessary changes are then made
 
on the appropriate,color separation negative. 
If major changes
 
are necessary a
 

Scribing, plate making and printing steps are shown in.
 
Figure 4.
 

4.1.1.8 Plate Making
 

The corrected negatives (3) 
are used to make metal press

plates for printing. In this process, zinc plates are coated
 
with egg albumen and sodium dichromate in a "whirler." A coated
 
plate and a negative are mounted-in a vacuum frame and exposed
 
to sunlight on the roof of the building. Three plates are thus
 
prepared for each manuscript. Separate plates are also made for
 
each of the three languages in which place names are required.
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4.1.1.9 Printing
 

Each of the three plates is placed on the single color sheet
 
fed proof press. 
With the application of appropriately colored
 
ink for each, a final litho color proof is produced. A final edit
 
is then performed. If only minor corrections are necessary they
 
are made on the press plates. Major corrections may entail making
 
a new negative and another press plate.
 

After final corrections the plates are transferred to the
 
single color offset press for runs of approximately 3000 impressions

for each color. 
Six passes through the press are required for each
 
map sheet, one for each of the three basic colors plus one for each
 
of the languages identifying places names.
 

The map sheets are then sorted and trimmed for distribution
 
to users.
 

4.1.2 Problem Areas
 

The problems encountered in the analysis of the Survey

Department mapping operations range from critical to trivial.
 
This discussion is limited to consideration of only those which
 
would either preclude or adversely affect the successful accomp
lishment of the Agricultural Base Mapping Project.
 

The problems to be resolved in preparing the Survey

Department to undertake the 1:10,000 scale mapping project can
 
be classified in one of four general categories. The difficulties
 
either involve equipment, facilities, materials or operations.
 
These are discussed separately in the following sections.
 

4.1.2.1 Equipment
 

The most serious, as well as most obvious, problem is the lack
 
of an aircraft with which to acquire the necessary aerial photos.

Without the means to obtain up-to-date photo coverage of the country
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the 1:10,000 scale mapping project is not possible at all. 
Because
 
of its importance to the whole project and its complexity, this
 
problem is discussed separately in section 4.2.
 

The present method of developing aerial film in a reel to
 
reel processor leaves much to be desired. 
It is a slow process
 
requiring about two hours per roll of film, not counting drying
 
time. It is also difficult to control quality by this method
 
and it is not very economical from a materials standpoint, The
 
chemicals are used once and discarded. It thus poses sometl-hng
 
of an ecological problem as well.
 

There are also several other equipment problems relating
 
to the Photo Lab. The Survey Department currently has no
 
adequate means for making the paper prints which will be required
 
in the map making process. They have neither an operating roll
 
print processor nor an adequate sheet film processor. Such
 
equipment is a necessity for any sort of production operation.
 
The present method of making contact prints on a manual light box
 
will be totally inadequate for a production operation. To eliminate
 
remakes, obtain the quality required, and provide the necessary
 
production capacity, more modern equipment is required.
 

The Survey Department is using a Lanston Copy Camera. 
The
 
camera is not equipped with a vacuum back to hold the negative
 
flat and motionless during exposure. Instead the glass plate
 
against which the negative is to be held is placed on top of the
 
negative. Although this does tend to keep the negative flat,
 
the glass introduces unwanted distortion in the copy. 
In
 
addition, the camera has not been auto-collimated in many years.
 
Therefore, it is unlikely that the copy, negative and leas are
 
parallel as they should be.
 

Exposures are made on the copy camera by means of carbon arc
 
lamps. As these lampsburn in the open they produce dirt and smoke
 
which contaminate the air in the room. 
They are seldom used in
 
modern operations,
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There are currently eight photogrammetric instruments, one
 
(Wild A-7) which can be used for triangulation and compilation

and seven 
(four.Wild B-8's and three Wild A-8's) which can be
used only for compilation. These instruments are all, except

one, in good working condition. That instrument requires

servicing by a factory representative. 
Once restored to
 
operating condition there are still some potential problems

in performing triangulation and compilation. 
The coordinato
graphs attached to four Wild B-8's do not lend themselves well
 
to modern methods of preparing manuscripts. This is discussed
 
further in relation to scribing. 
There are also questions

regarding whether the necessary rate of production can be

achieved with the present equipment. This is discussed
 
further in Sections 4.4 and 5.0.
 

Considerable field surveying work is contemplated in making
the 1:10,000 scale maps. 
Field work is required in establishing

additional control points and in doing editing of manuscripts.

Both of these require moving a number of survey parties over many
miles. 
The number of parties required and the time it takes to
accomplish the tasks is a function of the ground transportation

available. 
At this time there reportedly are 125 field vehicles
 
of which only 80 are operational. 
These are used to transport
approximately 800 surveyors and their support staff in the field.
 
It therefore'appears that additional vehicles will be required

to support the Agricultural Base Mapping Project. 
This subject

is explored further in Section 4.4.1.
 

The Survey Departnetit has lictle capacity for performing

any research or development related to remote sensing and aerial
 
surveys. 
To a larg: extent many of the antiquated methods and
procedures being uFed are directly attributable to this fact. 
An

active involvement in pursuing more advanced techniques would pay

dividends 
in the future. 
However, a worthwhile research effort
cannot be undertaken without the necessary equipmeL and organization.

Even a modest investment here could provide th&-base for a worth
while program.
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4.1.2.2 Facilities
 

Basically, the physical plant is not in condition to properly

maintain the level of quality required for the Agricultural Base
 
Mapping Project. 
The main problem is the general lack of temperature
 
and humidity control. A lesser, but nevertheless important, short
coming is the lack of an adequate centralized photo lab to handle
 
all film and print processing in a properly controlled environment.
 

The room in which the photogrammetric work is performed is
 
presently air conditioned, although not adequately so. 
 The
 
two Carrier units mounted on tha floor of the room do not provide
 
uniform temperatures throughout the room. 
They also take up
 
valuable floor space which is needed f6or the addition of new
 
equipment. A central air conditioning system would provide a.
 
more uniform temperature throughout the room.
 

The room in which the Map Production Branch is located has
 
no air conditioning. The ambient temperature and humidity are
 
essentially the same as outside. 
Since this group is currently
 
doing the hand scribing, manual additions and corrections to
 
manuscripts and drawi.ig the maps from ground 
surveys, some 
temperature and humi.dity control is necessary. 
The productivity
 
of this unit is understandably low under these circumstances.
 
In addition to encouraging poor work habits the temperature and
 
humidity extremes contribute to rework and corrections caused
 
by perspiration.
 

The life of film and chemicals is adversely affected by high
 
temperature and humidity. At present, film, paper, wet and dry
 
chemicals are otored in common areas which are unsuitable. Not
 
only do the films and papers deteriorate, they are often damaged
 
by the presence of chemical vapors. 
This results in excessive
 
negative retouching, as'noted earlier.
 

There are presently four separate darkrooms in which chemical
 
processing of films and paper takes place in close proximity to
 
expensive and fairly delicate photo-optical equipment. This
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processing is performed in open trays and sinks and poses a
 
definite hazard to the nearby equipment. Furthermore, the
 
separate facilities are quite inefficient.
 

The impact of the deficiencies in the facility are hard
 
to quantify. Nevertheless, they are conditions to be avoided.
 
Every modern'map making facility has taken steps to avoid these
 
problems.
 

Another potentially major facility problem may exist.
 
Voltage fluctuations in Colombo are apparent. 
Measurements
 
of voltage and frequency were requested, but were not obtained.
 
Variations in line voltage and frequency beyond the tolerances
 
of the equipment, particularly the photogrammetric, could affect
 
the accuracy of the maps. The variations in building power should
 
be known and corrective action taken if necessary before the
 
1:10,000 scale .project begins. 
If the voltage does fluctuate
 
more than about 10%, voltage regulation is required.
 

4.1.2.3 Materials
 

The Agricultural Base Mapping Project will require a large
 
supply of expendable items,.much more than the Survey Department
 
has had to cope with in the past. These range from aviation fuel
 
to zinc plates. 
The major problems related to these materials
 
are in identifying the range and depth of items and maintaining
 
adequate stocks so as not to 
inhibit the map making operatiob
 
once in full gear.
 

In the past the Survey Department has had difficulty in
 
obtaining the materials they want. 
This seems to be a combination
 
of being unfamiliar.with how to specify requirements and an
 
unresponsive procurement system. 
As a result, for example, the
 
Survey Department has had to use a variety of aerial photographic
 
films. 
This creates unnecessary problems of quality control and
 
results in extra costs because the films required different
 
chemicals.
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4.1.2.4 Operations
 

The most glaring operational problem stems from the practice
 
of hand scribing color separations. This poses a major production
 
bottleneck if a more modern method is not adopted. 
 In the United
 
States and Western Europe the accepted ratio of compilation to
 
drafting (scribing) time is of the order of 1:1.5. 
 According to
 
the Survey Department, their ratio is 1:20. 
This is due almost
 
entirely to the very large effort required to manually scribe each
 
of three color separations from each manuscript. Extensive manual
 
scribing is generally regarded as impractical in most modern mapping
 
operations.
 

Glass diapositives are currently being used in the photo
grammetric process. 
They are about five times as expensive as
 
the 0.007" polyester film popularly used today. The-polyester
 
film is sufficiently stable that no loss of accuracy result3 from
 
its use. In addition, polyester film is much easier to handle
 
and store, requiring considerably less space than glass.
 

The difficulties the Survey Department has had in obtaining
 
materials and equipment is to some extent a purchasing problem.
 
If the 1:10,000 scale mapping project is to function smuothly,
 
a prompt and sympathetic procurement process is essential.
 

4.1.3 Suggested Solutions
 

None of theproblems identified in the analysis of the map
 
production process of the Survey Department are insurmountable.
 
On the contrary, most of them can be resolved quite readily. 
The
 
solutions, like the problems, fall into fairly distinct categories.
 
Financial assistance is required to provide equipment, materials
 
and facility improvements. 
 Improved methods and procedures are
 
needed to eliminate bottlenecks and achieve the necessary level
 
of quality. Some organizational changes need to be made to assure
 
that the improvements made are carried out. 
Finally, some
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additional training and continuing technical support should be
 
provided to assist the Survey Department in performing the
 
Agricultural Base Mapping Project.
 

4.1.3.1 Financial Assistance
 

Many of the existing problems facing the Survey Department in
 
undertaking the 1:10,000 scale mapping project can only be resolved
 
by the provision of funds. 
The need for financial assistance is

summarized in Table 2. 
More detailed requirements are discussed
 
in subsequent subsections and a detailed cost breakdown is contained
 
in Section 8.0.
 

The largest portion of the funding, about 45%, is for new
equipment which will be needed to meet the production requirements

of the mapping program. 
 About half the funds are necessary to
 
replace inoperativ 
aquipment and half to augment production

capability to bring it to the required level. 
The largest single

item of cost is the aircraft. These funds will have to be
 
expended prior to the actual start of mapping operations.
 

The second largest financial requirement is for the materials
 
which are required to make the maps. 
The major items are the
 
paper on which to print the map series, the photographic and dark
 
room materials and the supplies with which to operate the aircraft.
 

The remainder of the funds required is distributed among

facility improvements, training and technical assistance. 
These
 
subjects are discussed in subsequent paragraphs of this section.
 

24
 



Equipment. . . . . . . . . . . . . . . . . . . . . . . . $1,414,500 

Photo Acquisition, Aircraft and

Accessories 
 $499,500


Field Control and Edit 
 120,000
Triangulation 
 122,400
Compilation 
 258,400

PhOtOlraphic Laboratory 
 194,400
Map Production (Drawing Office) 
 41,600
Map Production (Litho Branch) 
 108,800

Remote Sensing/Survey


Research Center 
 59,400

Doppler Satellite Positining 10,000
 

Facilities .. . .
 . . . . . . . . . . . . . . . . . . . $ 100,000 

Materials. . . . . . . . . .......... 
 . . . . . . . 643,700 

Photo Acquisition, Aircraft and

Accessories 
 $157,300
Photographic Laboratory 
 161,000


Map Production (Drawing Office) 
 38,900

Map Production (Litho Branch) 
 275,000

Remote Sensing/Survey


Research Center 
 11,500
 

Technical Training ..... . . . . . . . . . . .. . $ 100,000 

Technical Assistance ..... 
 . $ 315,000
 

Subtotal 
 $2,583,200
 
Contingencies (@ 10%) 
 257,800
 

Subtotal 
 $2,841,000
 
Inflation Factor (@ 10%) 
 284,000
 

TOTAL COST ..... 
 ..... .. . .
 . . . . . . . . . . . . $3,125,000 

Table 2: 
 ESTIMATED FUNDING REQUIREMENTS
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4.1.3.2 Facility Improvements
 

The physical condition of the Survey Department is such that
 
substantial improvements are needed to adequately support the
 
Agricultural Base Mapping Project. 
 It is, therefore, recommended
 
that:
 

1. 	A number of changes be made to the facility
 
2. 	Any loan be contingent upon assurance that the
 

improvements will be made.
 

The 	facility improvements which must be made involve changes
 
to the Survey Department building to efficiently accommodate air
 
conditioning and to provide more effective map making operations.
 
The 	addition of central air conditioning will involve structural
 
modifications as well as electrical and plumbing work. 
The building
 
renovation portion of the work should be financed by the Government
 
of Sri Lanka. The air conditioning equipment which must be procured
 
outside the country might appropriately be supported by loan funds.
 

The 	building modifications recommended include: 
 construction
 
of a central photo lab, separate storage rooms for photo supplies
 
(one for film and paper, one for chemicals), and preparation of
 
the 	rooms to be air conditioned. Except for the room in which
 
triangulation and compilation is performed, all work areas have
 
to be properly sealed and insulated for the air conditioning
 
equipment to function properly.
 

Prior to the installation of any additional equipment it is
 
necessary to know what the voltage fluctuations in the building
 
actually are. If the voltage varies more than about 10%, central
 
supplementary voltage regulation should be considered. 
The
 
alternative is to install separate voltage regulating transformers
 
in each room containing affected equipment or on each individual
 
item.
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4.1.3.3 Operational Changes
 

The major operational change recommended is the abandonment
 
of the present hand scribing method to Drepare color separations
 
of original manuscripts. Two alternatives have been suggested
 
as practical approaches to reducing the excessive time and labor
 
associated with manual scribing. 
The Survey Department should
 
test both methods. 
However, the method which is recommended for
 
adoption is the photographic method of preparing color separations
 
by subtractive filtration. 
 This procedure requires that the
 
manuscript be prepared in the three primary colors, one for each
 
of the types of features (topography, hypsography and planimetry)

This is accomplished by producing each on the appropriate base
 
material in red, blue and green ink. 
Color separations for each
 
feature are then produced by subtractive filtration on the dopy
 
camera.
 

It is also recommended that the glass diapositives now being

used be replaced by the seven-mil polyester film. 
This presumes,

however, that proper temperature and humidity control be main
tained to achieve the necessary dimensional stability and physical
 
properties of the film.
 

The Survey Department needs a separate organizational unit
 
responsible for performing remote sensing and aerial survey

research and development. 
This unit must be devoid of any direct
 
responsibility for map production and able to devote its efforts
 
exclusively to exploring ideas and developing methods and techniques
 
to improve the department's capabilities.
 

To maintain the quality standards which will be required in the
 
1:10,000 scale mapping project, an organizational unit responsible

for quality assurance should be established. This unit, like the
 
*R& D function, should be separate from and not directly controlled
 
by production operations.
 

Aircraft maintenance and operation has in the past been the
 
responsibility of Air Ceylon, operating under contract to the
 
Survey Department. 
An earlier report by RDA recommended that an
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arrangement for maintenance and operation of any future aircraft
 
be reached with the Sri Lanka Air Force. 
Such an arrangement has
 
apparently been drafted. 
This should be finalized prior to pro
curement of a new aircraft. Also, to avoid problems of the type

experienced in the past, one individual within the Survey Department
 
should be clearly charged with the responsibility for monitoring

aircraft maintenance and operational status. 
This individual
 
should ideally be a regular member of the photographic flight crew,

and should be thoroughly familiar with the electrical, mechanical,
 
and operational characteristics of the Survey Department aircraft.
 

Finally, the Survey Department should have its own procurement

activity for purchasing expendable materials. 
 In this way, uniformity

of supplies can be maintained and the time of the procureient cycle
 
reduced.
 

4.1.3.4 Organization
 

That portion of the Survey Department which will comprise the
 
Agricultural Base Mapping Project is organized along more or less
 
conventional lines. 
The major segments of the organization and
 
their functional relationship are illustrated in Figure 5. 
The
 
actual management structure is somewhat mcze complicated.
 

To meet the requirements of the proposed project only minor
 
vhanges in th- organization will be necessary. 
These correspond
 
to operational changes which are deemed to be required to improve

production and maintain quality as discussed in section 4.1.3.
 
The recommendation to consolidate all wet photographic processing

in a single photo lab unit requires that a corresponding organiza
tional unit responsible for the function and its quality be
 
established. 
The simplest and most direct approach would seem to
 
be to assign the centralized responsibility to the entity now
 
identified as the Photo Lab and transfer the people-now performing
 
these duties elsewhere to that unit.
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The recommendation to avoid manual scribing by producing color
 
separations photographically will not reduce the need for the current
 
Drawing Office. 
Rather, it will merely eliminate the requirement
 
to greatly increase its size. Considerable manual work will still
 
be required in preparing manuscripts. The Map Production.Branch
 
can also then devote time to other requirements which it could not
 
otherwise undertake.
 

The present organization does not make provision for several
 
staff functions which will be required. 
A Remote Sensing and
 
Survey Research Center is being proposed. This is discussed in
 
more detail in section 4.7.1. 
In addition, it is suggested that
 
three more staff functions be considered each of which is intended
 
to maintain efficient and effective operations and apprise the
 
Director of potential problems. They are:
 

Plans, Requirements and Technology
 
• Specifying project requirements
 
" Determining area priorities
 

• State of the art of: 

• Materials
 

• Equipment
 
• Procedures
 

• Impact of advanced technology on project

operations
 

" Developing mid- and long-range plans
 

Programs, Production and Operatins
 

" Quality assurance
 
" Current work load
 
" Resources available
 

" Completion dates
 
" Program changes and impacts
 
" Priorities
 
" Production plans
 
" Adherence to schedules
 
* Logictics supprt--requremenis 
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Administration 

• Personnel
 

• Budgetcand finances
 

" Purchasing
 

" Logistics support
 

The recommended organizational structure to accommodate these
 

suggestions is shown in Figure 6.
 

4.2 Aerial Photography
 

The principal product of the Agricultural Base Mapping Prcject
 

will be topographic base maps at a scale of 1:10,000, with a contour
 

interval of five meters. These maps can, in general, be produced
 

more accurately at less cost and in less time through the use of
 

aerial photography than by ground survey methods. The ground area
 

covered in a single aerial photograph is determined by:
 

2 
G2 =HW
 f
 

where
 

G 2 = area covered
 

H = altitude above terrain
 

W = filut format width (short side)
 

f = camera focal length.
 

Since the ground area covered in each photograph increases
 

as the square of the altitude, it would seem desirable to take
 

these photographs from as high an altitude as possible. This
 

would decrease the cost of film and materials, and more importantly,
 

the number of stereo models (photographic pairs) required in the
 

mapping process. Unfortunately, resolution, or the ability to
 

distinguish fine detail, decreases as altitude is increased.
 

Typical photogrammetric plotting equipment reTaires a minimum
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ratio of approximately 1:5 input photo 7.esolution and 6utput map
 
contour interval. 
Thus, to achieve a contour interval of five
 
meters in the resulting maps, the aerial photograph must have a
 
"resolution" of one meter. 
This iesolution is determined by:
 

= H
 

GRD H
 

where
 

GRD = ground resolved distance ("resolution")
 
H = altitude above terrain
 

F - camera focal length 
Rs = resolution limits of the camera/film system.
 

The Sri Lanka Survey Department presently owns and operates
 
two Wild RC8 aerial mapping cameras which will be used to acquire
 
the,photography for the Agricultural Base Mapping Project. Although
 
exact figures will vary from unit to unit, the AWAR (area weighted
 
average resolution) of Wild RC8 camera is typically 45-50 lines per
 
millimeter. Plus-X aerographic film (type 2402) is normally used
 
in typical photo mapping operations. When developed in D-19 for
 
eight minutes in a sensitometric processing machine, this film
 
displays a resolving power of 50 lines/mm. at a target-to-object
 
contrast ratio of 1.6:1. 
 The "system resolution" of an RC8 camera
 
and 2402 film should then lie between 45-50 lines/mm.
 

The focal length of the RC8 camera is 6 inches. With a
 
GRD limit of approximately one meter (to permit five meter map
 
contour intervals) and an Rs of 50 lines/mm, the optimum altitude
 
for aerial photography is then:
 

H = (GRD) FRsH-=() (R 
 (50/m)(2 5 . 4 mm) (3.281 ft.)= (1m) (6 in.) 1 in. 1 m 
= 25001.2 ft.
 

or approximately 25,000 feet above mean terrain. 
At this altitude
 
each photograph will cover an area on the ground of:
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G2 ( I)2 

[(25,000 ft.) (9 in.) (1 
(6 in.)5280 

= 50.41 Mi2 

mile)]2 

f 

or approximately 50 square miles. 

As all photography is dependent upon reflected light, sun
 
angle is an important factor in planning aerial photo missions.
 
If the ultimate objective is geological analysis, for example,
 
then a low sun angle may be preferred as this will result in
 
longer shadows which can improve detection and analysis of geologic
 
structure. For topographic mapping and most agricultural analysis
 
purposes, however, a high sun angle usually a minimum of 600 above
 
the horizon is preferred as this results in minimum shadow to
 
obscure ground detaij. 
 Sri Lanka lies wholly within 10° of the
 
equator. Aerial photography for topographic mapping purposes
 
should then be possible between the hours of 0900-1500. In most
 
tropical areas, clouds tend to build up in the early afternoon
 
making aerial photography difficult if not impossible. For practical
 
purposes then the photo mission window in Sri Lanka will typically
 
be a four-hour period, from 0900-1300 hours.
 

4.2.1 Aircraft*Requirements
 

These mission constraints define the type of aircraft required

for aerial photography in Sri Lanka. 
The aircraft must be able to
 
operate at an altitude of 25,000 feet above mean terrain for a
 
four-hour period. 
When times to-ascend and descend are included
 
this means the aircraft must have sufficient fuel capacity for a
 
minimum of five hours flight operations. The aircraft must accom
modate a minimum flight crew of three (pilot, navigator and photo
grapher) and a large aerial mapping camera. 
Assuming 180 pounds per
 
crew member (standard) and 300 pounds for camera and film, the
 
minimum payload will be 840 pounds.
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Approximately 95% of Sri Lanka lies at an elevation of 3,000

feet or less. If the aircraft is to maintain an altitude of 25,000

feet above mean terrain then its typical flight.altitude will be
 
28,000 feet above sea level. 
At any altitude greater than about
 
10,000 feet: above sea level, supplemental oxygen is required. 
To
 
operate at 28,000 feet, the crew must either wear oxygen masks
 
continuously for a period of nearly five hours or the aircraft
 
must be pressurized to a cabin altitude approaching I0,000 feet.
 
Outside air temperature at 28,000 feet is typically -30*to -40* C
 
(-220 to -400 F). 
 For efficient crew operations then the aircraft
 
cabin should be closed, pressurized and heated. 
A high quality

optical glass window must be installed-in the aircraft below the
 
camera to insure an adequate and safe pressure seal without
 
limiting camera performance.
 

The Survey Department presently plans to operate with a flight
 
crew of five, consisting of pilot, copilot, navigator, driftsight
 
operator, and photographer, on many routine flights. 
The survey

aircraft must then accommodate three crew positions in the cabin
 
area plus-modification and installation of a Wild NF-2 navigation
 
sight, a B3 driftsight, and an RC-8 camera.
 

In summary then, the aircraft must be pressurized and capable

of a minimum of four hours operation at 28,000 feet above sea level,

with an absolute minimum payload of 840 pounds and a "normal" payload

of 1,200 pounds. There is currently no aircraft in the SLAF inventory 
or otherwise available in Sri Lanka that meets these minimum requirements.
 

4.2.2 
Aircraft Comparison and Recommendations
 

There are several types of-aircraft which meet these requirements,
 
ranging in price from approximately $300,000 to well over $1,000,000

when equipped with the necessary navigation equipment and modified
 
for aerial photography. 
Four typical aircraft, a Cessna 340-I1,
 
Cessna 421C-11, Piper.PA-31P, and a Beechcraft C-90, were recently

flight tested by RDA in the United States to confirm operational
 
ability. 
The Cessna and Piper aircraft are turbosupercharged
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reciprocating dual-engine equipped. 
The Beech C-90 is equipped

with twin PW turboprop engines. 
These four aircraft, fully
 
instrumented and modified, range in list purchase price from
 
$300,000 to about $825,000.
 

Published performance data and actual flight test results are
 
presented in Tables 3, 4 and 5. 
All aircraft tested performed

satisfactorily at altitudes up to 28,000 feet. 
Above this altitude,
 
however, performance of the Cessna 340-II was marginal, becoming

unsatisfactory for aerial photographic work at about 30,000 feet.
 
Also at 28,000 feet, cabin altitude in the 240-I1 was 13,000 feet
 
and supplemental oxygen masks would be required for any extended
 
operation. 
For these reasons, this aircraft and others in its
 
class should not be considered for purposes of this project.

Performance of the remaining three aircraft was equally satisfactory
 
at altitudes up to 31,000 feet, the highest altitude attempted,

with cabin pressure altitudes of approximately i0,000 feet at
 
aircraft altitudes of 28,000 feet. 
The Cessna 421C-11, Piper

PA-31P, or Beech C-90 would appear to meet the basic requirements
 
of the Sri Lanka Survey Department.
 

There is a substantial price difference between the Beech C-90
 
and the other. two aircraft, reflecting the turboprop design of the
 
C-90. 
 This matter deserves additional comment. 
As may be seen from
 
both the published performance figures and flight test results,
 
time-to-climb, range, cruise speed and operational ceiling are
 
similar for all three aircraft. Although the C-90 turboprop

carries twice as much useable fuel as the other aircraft, it uses
 
almost twiceas much per hour.
 

The two major advantages of- the turboprop design over the

turbosupercharged piston engine are 1) single-engine performance

and 2) decreased maintenance. 
If a C-90 at maximum gross weight

should lose an engine on takeoff under typical conditions in Sri
 
Lanka (for example 350 C at sea level), it could continue with
 
its takeoff and still maintain a rate of climb of 440 feet/minute.

The 421C and PA-31P would climb at only about 200 feet/minute under
 
similar conditions and would require over 12,000 feet of runway to
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'Basic Aircraft Weight

(Including Unusable
Fuel) 


seable Fuel (Standard) 


Payload (Estimated as
 
Three Crew @ 180 Pounds
Plus 300 Pounds Equipment) 


W
 

Total T.O. Weight 


Maximum Gross T.O. Weight 


Available Balance 


Table 3; 


Cessna Piper Piper

421C-II 
 PA-31 
 PA-31P


(Pressurized) (Unpressurized) (Pressurized) 


4,838 4,003 4,878 


1,236 1,124 1,116 


840 
 840 
 840 


6,914 5,967 6,834 


7,t5 6,500 7,800 


536 
 533 
 966 


PUBLISHED AIRCRAFT WEIGHT LIMITATIONS (IN POUNDS)
 

Bech
 
-C-90
 

(Pressurized)
 

5,717
 

2,573
 

840
 

9,130
 

9,650
 

520
 



Cessna 	 Piper 
 Piper 	 Beech
421C-11 
 PA-31 
 PA-31P 
 C-90
(Pressurized) (Unpressurized) (Pressurized) (Pressurized)
 

A. 	Time to Climb (Minutes) 28 28 
 37

Fuel to Climb (Pounds) 135 	 180 
 290
 
Distance to Climb
 
(Nautical Miles) 
 70 
 50 	  105


B. 	Time to Descend (Minutes) 24 30 

Fuel to Descend (Pounds) 

- 23
 
78 
 '70 	  110
 

Distance to Descend
 
(Nautical Miles) 
 88 
 95 
 77
 

C. 	Range (Maximum Gross Weight)

(Nautical Miles):
 

At 24,000 Feet 
 1,110. 
 ---	 1,173 1,33"

At 	28,000 Feet 
 1,125 	 1,000 
 1,400
 

D. 	Endurance Hours 
(At 	24,000
Feet) 
 6.2 
 5.0 
 6.0 
 7.0
 

E. 	Cruise (At 24,000 Feet)
(Knots True Air Speed) 182
185 
 174 
 194
 
F. 	Cabin Altitude (At 28,000 Feet) 
10,900 	 28,000 
 9,500 12,000
 

G. 	Published Service Ceiling
 
(Feet) 
 30,300 
 29,000 30,000
 

Table 4: 
 PUBLISHED AIRCRAFT PERFORMANCE
 
(Based on 350 
C @ 	Sea Level, 400 C @ 28,000 Feet)
 



---
--- --- 

Aircraft T.O. Weight as Tested 

With Three Crew and Fuel (Pounds) 


Performance - Time to Climb
 
(Minutes):
 

At 20,000 Feet 


At 25,000 Feet 


At 28,000 Feet 


At 30,000 Feet 


At 31,000 Feet 


Performance -
 Rate of Climb
 
(Feet per Minute):


At 20,000 Feet 


At 25,000 Feet 


At 28,000 Feet 


At 30,000 Feet 


At 31,000 Feet 


Performance (At 28,000 Feet):
 
Outside Air Temperature (*C) 


Knots True Air Speed 


Fuel Flow (Pounds) 


Cabin Altitude (Feet):
 
At 28,000 Feet 


At 30,000 Feet 


At 31,000 Feet 


Cessna 421C-II 


5,900 

(1,550 below 

gross) 


13 


18 


21 


25 


27 


1,500 


1,000 


1,000 


500 


500 


-40 


*235 


215 


10,000 


12,000 


Piper PA-31P 


5,300 

(1,200.below 

gross) 


17 


22 


29 


31 


35 


1,300 


800 


500 


500 


500 


-30 


230 


288 


10,000 


11,500 


13,000 


Beech E/C-90 


10,350 

(700 above 

C-90 gross) 


11 


19 


25 


30 


32 


1,500 


1,000 


1,000 


500 


500 


-40 


220 


360 


11,000 


12,500 


Cessna 340-II
 

5,150
 
(850 below
 
grcss)
 

13
 

18
 

22
 

26
 

31
 

1,200
 

1,000
 

500
 

500
 

400
 

-38
 

200
 

180
 

13,000
 

14,500
 

Table 5: 
 OBSERVED FLIGHT TEST PERFORMANCE
 



take off. This difference is a substantial margin of safety in
 
favor of the C-90. 
This, however, is of most importance when
 
operating out of airfields at high altitudes or in mountainos
 
terrain. 
The three fields in Sri Lanka that this aircraft might
 
operate from are all effectively at sea level and are not surrounded
 
by mountains. 
Should a 421C or PA-31P at maximum weight lose an
 
engine on takeoff at sea level, it will require less than 4,300
 
feet of runway in which to stop. 
The runway at Katunayaka is over
 
12,000.feet in length :nd represents a safety factor of almost
 
three. 
This difference in aircraft performance should not be a
 
major factor in aircraft selection in Sri Lanka.
 

The second matter relates to engine maintenance and reliability.
 
The mean time between major engine overhaul (TBO) for the 421C and
 
PA-31P is approximately every 1,200 operating hours. 
The PW turbo
prop engines on the C-90 have a TBO of about 3,500 hours, or almost
 
three times greater engine life before major repair, 'Balanced
 
against this is the fact that turboprop engine overhaul can be more
 
complex than reciprocating engine overhaul. 
The aircraft selected
 
for Sri Lanka will be operated at about 300 hours/year for aerial
 
survey purposes. At this rate, major turbo-recip engine overhauls
 
can be expected every four years, with normal maintenance. The
 
PW turboprop engines could theoretically operate for almost 12
 
years at this rate without major overhaul. Typical engine overhaul
 
exchange costs might be on the order of $64,500 for two turboprop
 
engines vs. $38,000 for two turbo-recip engines. With TBO's of
 
3,500 and 1,200 hours respectively, and assuming 300 hours operation
 
per year, the reserve for overhaul should be about $5,530 per year
 
for the turboprop and $9,500 per year for the turbo-recip engines.
 

Costs of aircraft modification for aerial survey operation
 
also vary considerably with aircraft type. 
The cost estimate for
 
modifying the Beech'turboprop exceeds $100,000; the Piper modification
 
has been estimated at $60,000, and the Cessna modification at $40,000.
 
When these costs plus recommended spares are included in the basic
 
aircraft purchase price, the turboprop cost is nearly three times
 
that of a turbosupercharged aircraft with similar performance
 
characteristics.
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On the basis of cost, perfozmance, and maintenance availablein Sri Lanka, a turbosuperchacged aircraft is recommended. Of theaircraft tested, believed to be the best available for this
particular task, the Cessna 421C is recommended over the Piper PA-31P 
for the following reasons: 

1. 
The Sri Lanka Air Force presently operates a fleet
of five Cessna 337 aircraft with avionics similarto those available in the Cessna 421C. This
commonality will reduce the requirement for
additional test and support equipment, and should
lead to more reliable operation. 
2. 
The Cessna 421C has the widest cabin in its class,
significantly wider than the PA-31P. 
This will be
a definite advantage in view of thedesire Survey Department'sfor three operating positions in the cabin area(ref. Figure 7).
3. On the basis of both published figures and flighttest performance, the 421C appears to have a slightbut significant advantage over the PA-31P in
altitude capability, speed, fuel consumption and
.endurance. Forward visibility, a factor in air
survey operations, is also substantially better.
4. A complete Cessna overhaul and maintenance facility
is available in Singapore through a factoryauthorized representative. 
This facility was
visited and inspected by the RDA team and iscomparable to any first-class repair facility in
the United States. Similar maintenance .support forPiper aircraft 

in 
does not appear to be presentlyavailable this part of the world. 

4.2.3 
 Survey Flight Operations
 

In the past, the GSL Survey Department has operated with a
four-to-five man flight crew, composed of one or two pilots, a
photographer, a navigator (operating 
an NF-2 viewfinder for
navigation and flight line acquisition) and driftsight operatora
(operating a B3B driftsight). 
 This is an unusually large crew
complement. 
Similar flight operations in other parts of the world
 are routinely undertaken with a crew of three (one pilot, one
navigator, onE photographer) and often by crews of only two people.
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The Survey Department has obtained reasonably good results
 
in the past using a crew of four to five and the aircraft
 
recommended for this project can accommodate a crew of this size.
 
Accordingly, no change in fligh 
crew composition is recommended
 
at this time and the aircraft should be modified to incorporate
 
three crew positions (navigator, driftsight operator, photographer)
 
in the aft cabin. 
Space will be at a premium with such a con
figuration, however, and the installation must be carefully designed
 
to minimize operational interference. The aircraft cabin width
 
will be an important consideration.
 

Photographic flight operations are presently planned for
 
three principal altitudes, 25,500 feet, 28,000 feet, and 30,000
 
feet. 
This is to maintain a 25,000 feet clearance above mean
 
terrain, and 1:50,000 photo scale, in separate portions of 
he
 
country (separated into blocks'of 500 feet, 3,000 feet and 5,000

feet altitude for planning purposes). A small portion of Sri Lanka,
 
estimated at approximately 1,250 square miles or less, lies between
 
5,000 and 7,000 feet altitude, with nine mountain peaks above
 
7,000 feet. Although not absolutely essential for purposes of
 
this project, it would be highly desirable to obtain 1:50,000
 
scale photography over this area. 
This would require the aircraft
 
to operate at altitudes up to 32,000 feet for short periods of time.
 

The aircraft evaluated for this project are capable of
 
reaching and maintaining this altitude.* 
It is doubtful, however,
 
that they can do so carrying'four or five crew members. 
Accord
ingly, it is recommended that the NF-28/B3B/RC8 camera installation
 
be so designed as to be operable by one crew member for at least
 
short periods of time. With a crew of two 
(pilot and photographer
 
navigator) and approximately 500 pounds of fuel, the aircraft
 
should be capable of 
one to one and one-half hours operation
 
at altitudes of 31,000 or 32,000 feet with an adequate reserve.
 

* A recent Cessna flight test has confirmed a maximum operating

altitude of 34,000 feet for the 421C aircraft.
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4. 4 Film Handling
 

Aerial film, Plus-X Aerographic or similar, should be kept

in a cold storage facility (400-500 F and 50% relative humidity)
 
at the Survey Department until ready for use. 
Transportation
 
time to and from the airport should be minimized, particularly
 
after a flight mission to prevent ieterioration of the latest
 
image due to high temperature and humidity. 
This handling

procedure becomes particularly critical if color infrared (CIR)

films are used, as the infrared sensitive emulsion layer decays

rapidly as temperature is increased. 
CIR and similar films are
 
best stored at near freezing temperatures.
 

Upon receipt of initial film order, a color wedge should be
 
exposed on a small sample of film and processed to determine actual
 
D-Log E curves. 
 The film is then placed in frozen storage. When
 
it is subsequently removed and used, a second color wedge is exposed
 
on the trailing edge just prior to processing. After processing,

the second set of D-Log E curves are drawn and compared to the
 
originals. 
Assuming correct processing, the difference will be
 
a function of film sensitivity decay due to handling. 
If these
 
differences are substantial then improved procedures are required,
 

4.2.5 Control of the Aircraft
 

The aircraft will technically belong to the Survey Department

although it will be in the physical custody of the GSL Air Force.
 
An Air Force pilot will fly the plane and the Air Force will provide

the maintenance. Presumably the navigator, driftsight operator and
 
cameraman will be members of the Survey Department. Under such
 
circumstances the responsibilities of each party must be clearly

established. Furthermore, it is incumbent upon the Survey

Department to exercise the necessary control to assure insofar
 
as possible that the aircraft is available when needed and remains
 
in proper operating condition. 
Regardless of the precautions taken,
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however, there is always a finite risk of accidental loss or damage-

Consequently, several precautions are necessary to preserve the
 
integrity of the Agricultural Base Mapping Project.
 

It is recommended that as a precondition to any loan USAID
 
be provided with:
 

1. A copy of the written agreement between the Survey
Department and the Air Force regarding maintenance
 
of the aircraft
 

2. 	A copy of an agreement concerning the conditions
under which the Air Force has use of the aircraft
 
if any
 

3. 	The necessary assurance that an individual within
the Survey Department of sufficient stature and
authority has responsibility for the aircraft.
 
The 	required documents should be reviewed critically to assure
 
that they do,. in fact, provide the necessary control.
 

In view of the experiences in providing the present photo

aircraft, it is also recommended that the aircraft be insured
 
against loss or damage. 
If this can be done in-country, it
 
might be considered as an item of cost to be undertaken by the GSL.
 
Alternatively, all-risk insurance might be arranged through the
 
aircraft supplier.
 

4.3 Facilities 

The Survey Department building does not appear to have been
 
designed and built for some of the purposes envisioned in the
 
Agricultural Base Mapping Project. 
In particular, the structure
 
does not lend itself readily to -ir conditioning. Therefore,
 
some modifications to the building will be necessary. 
A very

large portion of most outside walls are glass. 
Although some
 
are fixed windows, many are the louver or jalousie type. Except

for the Photo Lab and Photogrammetric room,cooling is provided
 
by overhead fans and open windows.
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71f 
An additional problem as far as air conditioning is concerned


is that the rooms to be used for the major steps in the map making

process are physically separated on different floors, mostly the
 top and ground-as indicated in Figures 8, 9 and la 
 Consolidation
 
of activities was given serious consideration as a means of
 
simplifying the air conditioning problem and achieving the

intangible benefits of closer proximity. 
However, the time and
cost of such a move precludes it as a practical approach. 
Consequently, the recommended approach is to make only those changes
 
necessary to bring the spearate rooms to an acceptable operating
 
condition.
 

The specific areas considered in the analysis were those in.
which the physical conditions might have some adverse affect on
the map making process. 
These rooms and the steps performed in
 
each are listed in Table 6.
 

4.3.1 
Photo Lab and Studio
 

Although physically adjacent, the Photo Lab and Studioareas
 
are functionally the responsibility of separate organizational

r.ntities, the Air Survey Branch and Map Production Branch
 
respectively. 
This may account for some of the unfavorable
 
operating conditions observed. 
The Ph6to Lab is responsible for
developing and printing the aerial photography, the Studio for copy
 
camera work.
 

The Photo Lab area is air conditioned except for the film

drying room; An air conditioning unit provides cooled air to
 
six separate rooms by means of ducts. 
The seventh, a storage

room, is not really air conditioned. 
The Studio area, consisting

of a large open space for copy cameras (54' x 39') 
and four
 
smaller dark rooms, is not air conditioned.
 

Chemicals, film and photo paper are stored in a 10' x 17'
 
room. 
There is a vent connecting it with an air conditioned
 
area. However, the vent is located near the ceiling and does not

have a fan or blower. 
The daytime temperature was approximately

850F with an 85% relative humidity.
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Room 


Studio and Photo Lab 


Photogrammetry Room 


Drawing Office 


Litho and Color
 
Printing 


Floor 


Top 


Top 


Top 


Ground 


Process/Function
 

Film Processing
 
Camera'Copying

Contact Printing and
 

Processing
 

Triangulation and Compilation
 

Scribing
 

Map Printing
 

Table 6: 
 ROOMS CONSIDERED IN FACILITIES EVALUATION
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There are two deficiencies associated with the photo storage
 

area. Black-and-white photographic materials should be stored at
 

500F and 40% relative humidity if a normal shelflife of at least
 

one year is to be achieved. With color or color infrared materials
 

the requirements are even more stringent. Photo film and paper
 

should not be stored in the same room as chemicals. Fumes from
 

the chemicals can create "pin holes" in the emulsions. This is
 

likely the cause of the considerable amount of manual retouching
 

of negatives-noted-.
 

Film and paper is processed in several rooms in which
 

expensive photo-optical equipment is located. This processing
 

is usually done in open trays and sinks. The fumes from these
 

chemicals are corrosive and can damage the equipment. Items such
 

as rectifiers, contact printers, and vacuum frames should be
 

located in areas physically separated from chemical processing.
 

Processing in open trays and sinks has another disadvantage.
 

Chemical oxidation and depletion is accelerated by exposure to
 

air. This necessitates more frequent replenishment or replacement
 

and, hence, increases the cost of processing. In addition, it is
 

virtually impossible to maintain densitometric control and,
 

therefore, cinage quality in open trays.
 

The Photo Lab and Studio areas do not have adequate plumbing
 

or means of disposal for even the present processing, let alone
 

future loads. Chemi-als for processing are transported to the
 

trays, sinks and tanks ry hand in buckets. When depleted, the
 

used chemicals are disposed of into the sewer system.
 

To al'.eviate the present problems and prepare for the
 

increased ;vorkload: in the Photo Lab and Studio which would
 

accompany the 1:10,000 scale mapping project will require some
 

changes in facilities. Prior to the start of the Agricultural
 

Base Mapping Project it is recommended that the following be
 

accomplished:
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1. 	The entire Photo Lab and Studio areas be air

conditioned, preferably by means of a central
system. This will necessicate removal of the
separate unit now servinl 
part of these areas
as well as the two in t-e Photogrammetry Room
(section 1-3.2). 
 Tt will also require additional
ducting and the possible replacement or alteration
of windows in much of the Studio area. 
For 	best
results these rooms should be maintained at 76*F
and 	50% relative humidity.
 

2. 
A single wet lab separate from optical equipment
be established to do all chemical processing. 
This
will require relocation of some equipment and the
acquisition of new processors (see section 4.4).
 
3. 	A tank farm for storage of chemicals be installed
above floor level along with the necessary plumbing
to provide gravity flow to processing machines and
 

trays.
 

4.3.2 Photogrammetry Room
 

Among the most important functions in achieving high quality
in making the 1:10,000 scale maps are triangulation and compilation.

Both of these steps are performed in the Photogrammetry Room. 
It

is-necessary, therefore, that a proper working environment be
 
provided in this area.
 

Two free-standing Carrier air conditioning units in the

Photogrammetry Room presently provide a reasonably acceptable

environment, considering the precision inherent in the measuring

equipment. 
There is, however, an obvious temperature variation
 
across the room because ducting is not used for air distribution.
 
The 	temperature increases as the distance from the units.
 

The actual temperature and humidity levels are not as important

as is consistency. 
If for example it is more practical to maintain
 
760F, rather than the 68*F favored in the United States, it is
equally acceptable provided it is kept within t 2*F. 
With the

high humidity level common to Sri Lanka it maybe advisable also
 
to relax those requirements somewhat. 
While the standard is 50%,
 
a humidity level of 65% ± 5% would be acceptable,
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It will be necessary to accommodate additional equipment in

the Photogrammetry Room (section 4.4). 
 It appears necessary in

view of the space available there now, that some of the present

equipment has to be moved. 
The Kelsh plotter and the Pantophot

horizontal enlarger are seldom, if ever, used. 
To relocate any

of the other plotters, even a few inches, would require major

disassembly, reassembly and complete recalibration. This would

have to be performed by an engineer/technician from the factory

This would be time-consuming and costly 
 Consequentlyrelocat-ion

of any of the equipment which will be necessary to the Agricultural

Base Mapping Project should only be considered as a last resort.
 

In addition to the space which would be available by moving

unused equipment, additional space could become available by the

introduction of a new central air conditioning equipment unit

installed outside the building. 
In such an event, the two floor

mounted Carrier units and the equipment located in a separate

enclosure within the Photogranunetry Room could be displaced. 
The
 room in which the air conditioner serving the Photo Lab area is
 
located presently occupies an area of about 11' x 17' 
 This
 
could-either be modified to accept a new plotter or the walls
 
removed to open up additional space.
 

The windows in the Photogrammetry Room are adequately sealed

for the present air conditioning. 
No additional modification seems
 
necessary.
 

The additional plotting equipment needed should not increase

the load sufficiently to create any problems. 
However, questions

still remain regarding voltage and frequency fluctuations. 
 The
 
accuracy of the plotting equipment may be adversely affected by

excessive voltage changes. 
Variations up to about 10% should

introduce no problem. Fluctuations in excess of this will require

voltage regulation, either for the whole room, or on individual
 
pieces of equipment.
 

Since the facility modifications required do not involve any
substantial structural work, it is perfectly feasible to perform

them with the equipment in place. 
The plotting equipment should
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be covered to protect it from dust and dirt. 
The work should also
 
be monitored continuously by the Survey Department to ensure that
 
the 	equipment is properly protected during alterations.
 

To prepare the Photogrammetry Room for the 1:10,000 scale
 
mapping project the following is recommended:
 

1. 
The present air conditioning equipment be replaced
by a central system shared with several other rooms.
The 	present units 
-may-be used -el-sewhere in the -building;
 
2. 
The Kelsh plotter and the Pantophot enlarger be
 

removed.
 
3. 	The room in which the air conditioning unit for the
Photo Lab is located be renovated for use as


additional space for a plotter.
 
4. Voltage and-frequency variations be determined and


voltage regulating transformers installed if
 
fluctuations exceed 10%.
 

4.3.3 Drawing Office
 

From a facilities standpoint the major problem of the Drawing

Office is the temperature and humidity. 
Some cooling is provided

by movement of ambient air by overhead fans and through cross
 
ventilation by opening the windows on opposite sides of the room.
 
These measures do not result in an environment that is suitable
 
for the scribing and drafting functions performed there. Although

there is no critical equipment to be concerned with, it is felt
 
that human performance will be improved by a more comfortable
 
atmosphere in the Drawing Office.
 

To air condition the Drawing Office will require the intro
duction of overhead ducting and, very likely, the modification
 
of the existing windows. 
The office occupies an area approximately
 
40' x 154' with 56 windows, all on the long walls.
 

It is recommended that the Drawing Office be air conditioned
 
from the same central system to be installed for the other areas.
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4.3.4 Litho and Color Printing Area
 

The Litho Branch occupies the largest single area of the
 
offices directly involved in the Agricultural Base Mapping Project.
 
Located on the ground level, printing occupies a space approximately
 
41' x 330', consisting of several large rooms and small storage
 
areas. None of the area is air conditioned. However, a water
 
tower presumably for the Photo Lab air conditioning system is
 
located about 10' outside the-louvered--windows ---Since-the-w4indows 
are cjsen to obtain some air movement (supplemented by three overhead
 
fans!) the humidity is even higher than normal, about 80-90%. Despite
 
these extreme conditions the Litho Branch has managed to attain the
 
necessary color registration accuracy, although at times with great
 
difficulty.
 

Both the high temperature and humidity adversely affect the
 
printing process as well as the people working there. 
 It requires
 
considerable skill along with excessive time and waste to achieve*
 
the sheet feed and registration on the offset presses. The press
 
room should be held at levels similar to those recommended for
 
Photogrammetry for best lithographic reproduction.
 

Paper is stored in several locations, one of which is a
 
separate walled room; the other two are 
screened enclosures open
 
to the press rooms. In neither case are the storage conditions
 
really adequate. 
All of the storage areas should be enclosed in
 
areas where the temperature and humidity are the same as the
 
press room.
 

Air conditioning the Litho and Color Printing Areas poses
 
the same problem as that of the Drawing Office only on a larger
 
scale. There are about 110 louvered windows in the area. To
 
effectively air condition this space the windows will have to be
 
sealed. 
Overhead ducts will also have to be installed-to distribute
 
the cooled air.
 

In view of the problems of press feed, color registration
 
and storage it is recommended that:
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1. 	The Litho and Color Printing Areas be air
 
conditioned
 

2. 	The Graining Room not be air conditioned
 
(because there is no obvious advantage to
doing so and it would be difficult to do)


3. 	Paper storageareas be enclosed but included
 
in the air conditioned areas.
 

4.4 Production Equipment
 

Producing maps from aerial photographs requires a variety of
 
equipment. 
In general, equipment is necessary to process film,

make prints, do the plotting, perform field survey work and print

the 	maps. The Survey Department already has much of the needd
 
equipment. However, the Agricultural Base Mapping Project will
 
impose greater than normal demands on the production capacity

and 	introduce requirements that do not now exist. 
Consequently,

it was necessary to review and analyze the need for additional
 
equipment in terms of the 1:10,000 scale map project.
 

The current methods of performing the major steps in the
 
map production process were discussed and the problems absociated
 
with them identified in section 4.2 above. 
Here the items of

equipment, other than the aircraft, which are needed to eleviate
 
those and other problems are discussed.
 

4.4.1 Field Control and Edit
 

The Survey Department currently possess most of the equipment
 
necessary to establish control in the field and to perform the
 
field edit function. The biggest need in this area is for field
 
transport.
 

The Survey Department has indicated that at the present time
 
they have approximately 800 survey teams in the field, consisting

of one surveyor and a ten-man crew, with 80.vehicles available to
 
support them. 
This ratio of vehicles to crew is inadequate, and
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much of the actual field movement must be carried out by-bull
 
cart or, where possible, by using the public bus system. Neither
 
method is to be recommended in support of a production mapping
 
operation with definite goals, schedules and budget.
 

If this project is to be completed as scheduled, then a
 
minimum of ten field control and 38 field.edit teams will be
 
required, for a total of 48 teams 
(ref. Appendix A, sec. 4'0,
 
Operational-Map Production Rate)- -The Vehicrle-to-field -team 
ratio for a typical modern mapping operation would be 1:1 or 1:2. 
With a 1:2 ratio, the field teams should be able to maintain the
 
required production rates (as shown in Table A-2).
 

This will require the purchase of 24 field vehicles,
 
specifically designated for use on the Agricultural Base Mapping
 
Project. These vehicles should be of the Jeep or Toyota Land
 
Cruiser 4-wheel drive type, with an enclosed body and trailer
 
hitch.
 

4.4.2 Triangulation and Compilation
 

The Survey Department presently his only one instrument on
 
which to do the triangulation, a Wild A-7. Another instrument
 
is needed, both for triangulation and to provide back-up support
 
to the compilation effort. Since compilation is estimated to be
 
the primary production bottleneck (see Appendix A) it will be
 
necessary to have additional plotting equipment if the Survey
 
Department is to have the capacity to produce anything other than
 
the 1:10,000 scale maps during the five-year program (see section
 
5.0).
 

To achieve the necessary production rates (ref. Appendix A)
 
one Wild A-10 and one Wild A-8 Autograph will be required.
 
Coordinatograph attachments are required if the (unsatisfactory)
 
alternative of manual scribing is to be avoided. 
The only known
 
source of these units is the Wild-Heerbrugg factory in Switzerland.
 
No comparable units are manufactured in the United States. In
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addition, an IBM 545 Card Punch (to be compatible with existing
 
equipment), and an electronic mini-computer (Hewlett Packard 3060
 
or equivalent are required. 
The card punch will reduce errors
 
caused by manual transcription of data and permit the required
 
production rate. The mini-computer is necessary to support
 
required triangulation and block adjustment calculations. A
 
strip stereoscope and glass scales will also be required as part
 
of theoA 10/A"8 'instai-lation.
 

4.4.3 Photographic Laboratory
 

A number of recommendations have been made to increase
 
productivity and improve quality in the photo lab operation.
 
Implementation of these recommendations will require purchase of
 
several items of capital equipment. Without these items, the
 
photographic laboratory will be unable to support the 1:10,000
 
mapping program, either in quantity or quality of product.
 
Required items include:
 

" 
Kodak Model llC-M Versamat Roll Processor (required
 
as alternative to present, unsatisfactory, hand
 
processing)
 

• MAFI Processor (required for orthoprinting)
 
" 
Kodalith 324 Litho Sheet Processor (required as
 
alternative to hand processing)
 

" 
Mark IV Log-E Printer (required to replace present
 
unsatisfactory contact printer)
 

" 
Vacuum back for Lanston Copy Camera (required

for copy prints)
 

" 
Pulsed Xenon Lamps (required to replace unsatisfactory

Carbon Arc Lamps)
 

" Whirler 
Coating Machine (required to replace inoperable 
unit) 

" Graining machines, 3 each (required to meet anticipated 
plate production rates.)
 

" Map reproduction machine (required to produce inexpensiv
 
small-lot map copies - not a Xerox-type office copier)
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* Printing down frame (to support copy camera operations)
 
* Point light source 
(to support copy camera operations)
 
* Color sensitometer (to support R & D operations with
 
color and CIR films)
 

• Transmission/reflection densitometers (for quality
assurance control in film exposure and processing

operations)
 

* Miscellaneous items of photographic and process
equipment (i.e., 4 each. 50-gallon mixing/storage tanks,
4 each i&-gal-lon replenisher-tanks -1 portable mixerisimilar commonly required items) 

4.4.4 Map Production
 

The major items required in the Drawing Office area are a
 
registration punch machine, to 
 insure proper registration of
 
color separation sheets, a reflecting projector, as an aid in
 
drafting changes, and a photo composing machine. The latter item
 
is required to maintain production rates without loss of quality.
 

The Litho Branch presently has one Mann sheet-fed two-color
 
offset press, originally installed in 1931. 
 Inking and dampening

rollers in this unit are worn out and replacement parts are not
 
available, and only one cylinder (one color) is currently operational.

A second Crabtree-Mann single-color press was purchased in 1971 and
 
is in generally good condition, although it should be equipped with
 
a sheet counter. Operating with single-color presses means that
 
each map sheet must be passed through the press at least three
 
times to generate the final color map. 
If temperature or humidity
 
vary between these separate passes, which are often days apart,

then color registration may not-be within acceptable limits. 
This
 
is often a problem even with standard temperature and humidity
 
controls. 
A new two-color litho offset press is recommended.
 

A new powered paper cutter is also required. The unit
 
presently in use at the Survey Department is quite old, positioning

belts are broken and missing, and replacement parts are unavailable.
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4.4.5 Remote Sensing/Survey Research Center
 

The Remote Sensing/Survey Research Center would be a new
 
organizational unit within the Survey Department, charged with
 
research and development of new techniques of data collection,
 
data analysis, and resources survey. 
This would include study

of the utility and cost-effectiveness of new techniques of data
 
analysis, using light tables, film transparencies, stereo micro
scopes and video image processing; new techniques of data
 
collection, including evaluation of LANDSAT data and color and
 
color infrared films; and new methods of data presentation, such
 
as orthophotography, overprinting on orthophotos or radial
controlled mosaics, etc.
 

The center will require a minimum of two light tables to
 
handle film transparencies in roll form (Richards 940 or
 
equivalent), one stereomicroscope (B & L 240R or equivalent),
 
one Zoom Transfer Scope (B & L Model ZT4-H), and a video image
 
processor (12S VIP). 
 A portable field spectrometer and 35 
nn
 
ground truth camera should also be obtained to support applied
 
remote sensing research projects. This equipment would be available
 
to other GSL resource agencies, such as the Foresty Department,

Land Use Department, Department of Agriculture, etc., 
on an
 
available basis to support current programs.
 

As new 
techniques are developed and proven cost-effective,
 
these departments may require additional similar equipment items
 
dedicated to their particular use. For example, at the present

time, panchromatic paper prints at 1:20,000 scale are routinely

used for purposes of large area land use survey. 
If light tables
 
and stereomicroscopes are used to study film transparencies, this
 
same level of detail can be obtained from 1:50,000 scale photography.

This could easily reduce the total number of photographs required
 
to be analyzed by a factor of eight or more, with comparable
 
reductions in time and cost.
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4.4.6 Maintenance of Map Production Equipment
 

An important element of any map production process is
 
maintenance of the equipr.nt. 
The term "maintenance" is
 
intended in the broadest sense of the word. 
It includes the
 
functions of preventing or minimizing failures, making repairs
 
when failures do occur and performing tests and adjustments to
 
assure proper.operation...-..Failure-to observe--at- least-minimali
 
maintenance requirements-will result in unscheduled down time
 
and consequently, reduced production. The absence of regular
 
performance tests and adjustments results in loss of quality.
 
The characteristics of much of the equipment are such that
 
gradual changes occur which, though imperceptible to the eye,
 
may degrade performance.
 

The maintenance required falls into two general categories,
 
that which can and should be performed by Survey Department
 
personnel and that which must be done by the manufacturer.
 
In the former category are such routine tasks as checking,
 
testing and minor adjustments in accordance with the instructions
 
accompanying each equipment. The maintenance required by the
 
manufacturer includes damage., major failure and periodic
 
inspection, and calibratior.
 

4.4.6.1 Photographic Laboratory
 

By the nature of its functions and design, photo lab equipment
 
is generally quite reliable and requires but minimal preventive
 
maintenance to-avoid failures and loss of quality. 
It seldom
 
requires factory service if given proper care. 
Consequently, all
 
that is required for the photo lab equipment is regularly scheduled
 
attention in accordance with instructions contained in the operating
 
manuals provided. This usually consists of inspection, cleaning,
 
lubrication and in some instances test, calibration and alignment.
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In general, film processors and printers require only

periodic cleaaing and lubrication. The most complex item
 
recommended for acquisition, the LogETronic Printer, has
 
electroaic controls. 
In the event of failure the four solid
 
state circuit boards are 
removed and replaced with spares provided,
 
The removed boards are shipped to the factory for repair or
 
replacement. 
The Kodak Versamat processor requires little more
 
than regular cleaning. 
The same.is true -for the-Kodalith and
 
Mafi processors. 
 These units will have a standard spare parts
 
package for five year use.
 

Copy cameras require periodic testing, collimationand
 
alignment as optical elements will get out of alignment with use.
 
To achieve the optical quality inherent in the camera, a 
-vacuum
 
back 
must be used. This requires that the vacuum system be
 
properly maintained in accordance with equipment operating
 
instructions. The Survey Department currently does not have a
 
vacuum back for their copy camera.
 

4.4.6.2 Photogrammetric Equipment
 

Although the equipment required for triangulation and map
 
compilation is quite sophisticated, the preventive maintenance
 
requirements are minimal. 
Aside from frequent careful cleaning,
 
oiling of the ways and lead screws, little else is necessary.
 
Occasionally, each instrument should be checked for parallax.
 

Because instrument characteristics may change with use, it
 
is necessary that the machines be periodically tested and adjusted
 
by factory representatives. For this-reason it is recommended
 
that a service agreement with the manufacturer be made at the time
 
of procurement of additional equipment. 
This agreement should
 
include all instruments, new as well as old. 
The frequency of
 
service would generally be a function of use rate. 
With the
 
production schedules necessary for the Agricultural Base Mapping
 
Project, annual service is suggested. This should include all of
 
the Wild instruments, old as well as new, and the IBM card punch.
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4.4.6.3 Lithographic
 

Offset presses are quite rugged and require little more than
 
regular lubrication and periodic replacement of items subject to
 
wear. The latter includes the blanket and rollers. 
With the use
 
envisioned for the presses the blanket should last for about a year,
 
the rollers for three years.
 

4.4.6.4 
Maintenance Responsibility
 

Primary responsibility for routine maintenance of equipment

should rest with the organizational unit operating it. 
 The
 
operators are familiar with the equipment they use. 
They should
 
also be familiar with the operating manuals supplied by the
 
manufacturer. 
All new equipment will be.provided with such
 
manuals. 
If manuals are missing for some of the older equipment.

copies should be requested from the manufacturer.
 

Particularly for the photogrammetric equipment, formal service
 
agreements should be executed with the factory. 
Such agreements
 
must specify the services to be rendered, frequency, cost and
 
contain some assurance that performance standards will be met
 
during reasonable periods of time.
 

Since maintenance is related directly to quality, it is

suggested that the individual assigned responsibility for quality
 
assurance be authorized to monitor and evaluate maintenance
 
activities and procedures. This individual will, thus, have
 
overall responsibility for adherence to performance standards
 
for the entire mapping operation.
 

As part of the purchase price of the plotting equipment, it
 
will be installed and training provided by factory representatives.
 
For the Photo Lab equipment it is recommended that technical
 
support be obtained by contract for installation and training.

The latter would include the operation and maintenance. 
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4.5 Materials
 

Large quantities of a variety of expendable supplies will

be required in the Agricultural Base.Mapping Project. 
In fact,

these supplies account for the second largest dollar volume of
 
funds. Therefore, it is necessary that both the range of items
 
and the quantities be carefully examined.
 

4.5.1 Aircraft
 

If reserves for engine overhaul/exchange, propeller overhaul

and avionics repair are considered as maintenance category items,

then fuel and oil are the only expendables directly related to

aircraft operation. The amount, and cost, of these items will be
 
directly related to the type of aircraft purchased.
 

For a twin-engine 'urbosupercharged piston aircraft of the
 
Cessna 421C-II or Piper PA-31P type, expendables will be
 
approximately as follows:
 

" Fuel (Av gas) 
-
43 gph" 300 hours/year = 12,900

gallons
 

• Oil 
- 2 pints/hour, 300 hours/year, plus oil change
@ 14 quarts/50 hours 
= 96 gallons
 

For a five-year program, e;pendables then become 64,500 gallons

of aviation gasoline and 480 gallons of oil.
 

For a twin-engine turboprop aircraft of the Beech C-90 type,

expendables will be approximately:
 

. Fuel (Av kerosene) 
- 64 gph 300 hours/year = 19,200
 
gallons
 

. Oil 
- 1 pint/5 hours, 300 hours/year, plus oil change

@ 26 quarts/300 hours 
= 14 gallons
 

Based on 421C operation at 21,000 feet maximum cruise power,
standard temperature conditions.
 
Based on C-9Q operation at 21,000 feet, maximum cruise power,
standard temperature conditions.
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For a five-year program, expendables for a turboprop aircraft
 
are estimated as 96,000 gallons of aviation gasoline and 70 gallons

of oil. 
 (Note oil type ,jpecified for C-90 aircraft is approximately

five times more expensive than oil specified for 421C or PA-31P
 
aircraft, based on current US prices.)
 

Aviation gasoline, kerosene, and oil of the-required grades

and types are currently used by the Sri Lanka Air Force and
 
adequate storage facilities are available.
 

4.5.2 Photographic
 

The Photo Lab will require a number of items whose quality

does not decay with time (i.e., glass marbles, zinc and aluminum
 
plates, dry chemicals) and thus may be purchased in bulk and stored.
 
Other items have a definite shelf-life, usually a minimum of one
 
year under controlled temperature and humidity conditions, and
 
should be purchased on a periodic basis. 
It is strongly

recommended that purchase of these items be handled directly by

the Survey Department, as opposed to central procurement by the
 
GSL, for reasons noted elsewhere in this report.
 

The following items should be purchased on a yearly basis
 
(ref. section 8.4):
 

" 
Aerial film, Plus-X Aerographic, 912" x 250', five
 
rolls/year
 

• Diapositive film, Aerographic Positive, 91" 
 x 250'
 
ten rolls/year
 

" 
Direv-' duplicating film,-Aerographic Positive
 
91A " x 250', five rolls/year
 
Photo index paper, swsm, 1,000 sheets or ten boxes/year
 
Contact-print paper, dwsm, Kodabromide, 1,400 sheets
 
or 28 boxes/year
 
Copy paper, 24" x 30", Kodabromide, 200 sheets or
 
eight boxes/year
 
Litho films, 24" 
x 30", 2,800 sheets/year
 

• Diapositive sheet film, 10" i lu", 7 mil, Aerographic
Positive, Estar base (to be used in place of present

1/" glass diapositives), 1,000 sheets or 20 boxes/year.
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4.5.3 Map Production
 

Ink, adhesives, machine dressings, etc. do not in general
 
decay significantly with time and with a few exceptions may be
 
2urchased in bulk. 
Peelcoat, plastic drafting material, and
 
litho printing paper should be purchased on a yearly basis
 
similar to that for photographic material. 
 A complete list of
 
expendable materials -ispresented-in section8.4.
 

4.5.4 Remote Sensing/Survey Research Center
 

The color and CIR films, copy films and paper suggested for
 
the research center should not be purchased over one year in
 
advance of planned use, and then only when cold storage facilities
 
(both in transit from manufacturer and at the Survey Department)
 
are assured. 
The ordering schedule for this material should be
 
prepared after an R & D program operations plan is completed for
 
the research center.
 

4.6 Staffing and Training Requirements
 

To meet the requirements of the Agricultural Base Mapping

Project it will not be necessary to recruit and train additional
 
personnel, if the recommendation- to eliminate manual scribing

is accepted. A possible exception is in the area of field coitrol
 
and field edit.
 

4.6.1 Staffing
 

The current staff of the Air Survey Branch and Map Publication
 
Branch which are the major organizational units comprising the map

production activity consists of the following:
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Supervisory and Management . 22 
Technicians = 163 

Laborers (approximate) = 25 

210 

An estimate of the technical personnel needed to perform the
 
1:10,000 scale mapping by specialty is shown in Table 7. 
Even in
 
the most criticAl area, photogrammetry, the project will not utilize
 
all of the manpower available. 
This presumes that color separations

of the manuscript will be made by the subtractive color photographic

method. 
Otherwise, scribing would require some 154 technicians.
 
This would impose obvious problems of hiring, training, multiple

shift operations, and management. 
It is, therefore, assumed that
 
manual scribing will be eliminated.
 

The only other possibility for additional hiring is surveyors

for field control and field edit. 
This would only be true if the
 
number needed cannot be drawn from the existing staff of some 800
 
surveyors. 
Even if this is the case, it would pose no particular

problem since the Survey Department is hiring and training surveyors
 
more or less continuously.
 

4.6.2 Training
 

Since no additional personnel are required, there is no
 
requirement for training new personnel. 
However, there is some
 
need for on-the-job training and practice with new techniques.
 

The proposed method of preparing color separations directly

during compilation rather than by manual scribing is new to the
 
Survey Department personnel. 
Training will be provided by the
 
Wild factory representative as part of the new equipment installation.
 
Actually, it is mainly practice and experience that is required to
 
attain the necessary proficiency.
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Number of Personnel 

CUrrent Proposed 
Air Survey Branch 

Aex.'al Photography:
 

Photographers 

5 
 5
 

Lab Technicians 
 .4 
 4
 
Mosaicers 


2 
 2
 

Photogrammetry:
 

Triangulation
 

Compilation 23 20
 

Administration 

5 
 5
 

Computation 

6 
 4
 

Map Production Branch
 

Drawing Office (Scribing) 35 10
 

Map Reproduction:
 

Camera Room 
 3 
 3

Typographers 
 12 
 7
 
Photomechanical 
 23 
 14
 
Photo-Writers 
 10 
 6
 
Litho-Writers 
 11 
 7
 

Lithography:
 

Head Operators 4 
 4
 
Printers 
 17 
 10
 
Apprentices 


3 
 3
 

Subtotals 
 163 
 104
 

Field Surveyors 
 800 
 48
 

TOTALS 
 963 
 152
 

Table 7: 
 SURVEY DEPARTMENT STAFFING REQUIREMENTS
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If the surveyors needed for field control and field editing
 
are not drawn from the 800 currently employed, they will be trained
 
in the institute which the Survey Department currently operates
 
for that purpose. No additional training effort needs to be
 
incorporated in the Agricultural Base Mapping Project.
 

The management personnel of the Survey Department have almost
 
all received excellent training in the technical fields necessary
 
for map making. 
They are well read and current in their-knowledge

of the technical aspects. 
However, technical skills alone may not
 
be sufficient. 
If the proposed project is approved by USAID, the
 
portion of the Survey Department responsible for it will embark
 
upon a genuine production effort. 
It will require a continuous
 
high level of effort which will impose managerial problems not
 
now being encountered. 
While management is to a considerable extent
 
an art, a body of knowledge has been accumulated which can help a
 
motivated individual to be a better manager. 
Consequently, it is
 
recommended that management personnel be provided with training
 
which will.apprise-them of the methods which are being employed
 
to make effective use of resources in production operations. This
 
can be achieved both through management personnel participation
 
in professional seminars and by providing technical support to
 
the Survey Department--during-the early -critical years:-of the program.
 

4.7 Technical Assistance
 

The Survey Department has a long and distinguished history
 
in Sri Lanka. 
It is staffed by a group of well-educated pro
fessionals in key positions, experienced in traditional survey

operations. 
High altitude small photographic scale survey is,

however, new to the department. 
Their earlier aircraft operated
 
at a maximum altitude of about 12,000 feet. 
The aircraft
 
recommended for this new mapping program will operate routinely
 
more than 2 times higher, or above 30,000 feet, with a speed
 
more than twice that of the previous aircraft. It is capable of
 
collecting aerial photography at a rate five times as great as
 
has previously been accomplished here.
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Similarly, the department has not previously attempted
 
orthophotography or direct preparation of color separation
 
manuscripts in compilation. This latter technique is required
 
if the proposed Agricultural Base Mapping Project is to be
 
accomplished without an eight-fold increase in drafting and
 
scribing personnel, with attendent management problems. The
 
department also proposes to establish a Remote Sensing/Survey
 
Research Center to conduct applied research in new techniques
 

of mapping and resources survey in Sri Lanka. At the present
 
time, only one individual in the Survey Department has direct
 
experience and training in remote sensing, and there is a general
 
lack of experience with newer analysis techniques and methods,
 
including color and color infrared films, transparency analysis,
 
video image processing, etc.
 

Perhaps most significantly, the 1:10,000 scale Agricultural
 
Base Mapping Project will be the largest and most complex program
 
ever undertaken directly by the Survey Department. The most
 
recently completed project of comparable scope was the 1:63,360
 
National Mapping Program. That project, completed almost twenty
 
years ago with the assistance of a Canadian aerial mapping firm,
 
covered the entire country with a series of approximately 75 map
 
sheets. The present 1:10,000 scale mapping project will involve
 
a total of approximately 2,000 map sheets at considerably greater
 
level of detail. This is a major project by any standard, with a
 
reasonably tight time schedule, and incorporates aerial mapping,
 
processing, and cartographic techniques not previously employed
 
in Sri Lanka. Only large and well-organized international photo
granuetric firms would undertake to do this job on a contract
 
basis, and then only after careful planning. Considerable management
 
skill., experience and effort will be required to keep the program
 
on schedule and operating within budgetary constraints.
 

For these reasons and others cited elsewhere in this-report
 
it is recommended that the Government of Sri Lanka seriously consider
 
a technical assistance component in this program. Such assistance
 
would be.most useful in the following areas:
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1. 	 Program Management -to develop scheduling, cost
control, and overall program management techniques
 
2. 
Map Production -to'develop production scheduling,


quality assurance control, assist with initiation
of automated scribing (color separation) techniques
 
3. 	Photographic Laboratory-to develop a centralized


photographic laboratory, quality control and
 assurance in all areas, and to assist with
equipment set-up and training
 
4. 	Air Survey -to assist in development of flight
operations procedures, experimentation with color


and color infrared films
 
5. 	Remote Sensing/survey Research Center -to 
develop
training programs in remote sensing technology and
applications, utilization and maintenance of analysis
equipment, assist in the design and development of
programs to evaluate costs and effectiveness of new
resources survey, inventory and environmental analysis


techniques
 
6. 	Geodetic Survey -to 
assist in strengthening the
geodetic net with the aid of satellite geoceiver


stations.
 

The principal objective of this technical assistance is to
 
assist the Survey Department in completing the Agricultural Base
 
Mapping Project on schedule and within budgetary constraints. An
 
important secondary objective is to improve the overall capability

and effectivenessof-the Survey Department-and their-several
"customer agencies" in the areas of resources survwy, agricultural

crop assessment, and environmental analysis.
 

There are three principal means by which such assistance
 
might be provided in Sri Lanka:
 

1. 	Specialists hired directly by the Government
 
of Sri Lanka
 

2. 	Short-term specialists, provided under contract
from a qualified private firm.
 
3. 	One longer-term specialist, supported as required,
under contract from a qualified private firm.
 

The principal specialist and supporting personnel must be
 
individuals with substantial technical and management experience
 
on major international mapping programs. 
 Such individuals are in
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constant demand, and it is highly unlikely that qualified personnel
 
can be found for direct-hire positions in any reasonable period of
 
time. 
 Short-term specialists are available, however mobilization
 
and per diem expenses for short-term personnel can easily exceed
 
labor costs, reducing the effective assistance available for any
 
fixed budget.
 

It is recommended that Sri Lanka obtain the services of one
 
"long-term" technical advisor, experienced in all phases of aerial
 
photography, cartography, and map production, for a period of two
 
years, supported as required by additional technical specialists

under an Indefinite Quantity Contract or similar arrangement.

This would permit the maximum flexibility to deal with any problems

that might arise. 
The following schedule of technical assistance
 
might be appropriate:
 

Long-Term Short-Term 
Year 1: Technical Advisor 12 mm 

GeodetL' lurvey Specialists 2 mm 
Other Short-Term Specialists
(Reiote Sensing, Photo Lab,Other as Required) 3 mm 

Year 2: Technical Advisor 12 mm 
Short-Term Specialists 2 mm 

Year 3: Short-Term Specialists 2 mm 
Year 4: Short-Term Specialists 2 mm 
Year 5: Short-Term Specialists 2 mm 

24 mm 13 mm 

A.8 Remote Sensing and Survey Research Center
 

As noted in an earlier report,' a "Survey Research Center" (or

"Remote Sensing Research Center") should be established within the
 
Survey Department, Ministry of Agriculture. This center would
 

1 Craib, K.B., and J.W. Cain, "Agricultural Resources Inventory and
Base Mapping in Sri Lanka: 
A Program Assessment and Evaluation,"
Resources Development Associates, AID/afr-C-1135-4, November 1976,

pp 36-37.
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provide a focal point for applied research and operational evaluation
 
of new photogrammetric and resource survey techniques. 
These might

include comparisons of cost and effectiveness of orthophotography,
 
both for general mapping and cadastral survey, the use of color
 
and color infrared films for forest and watershed analysis and
 
agricultural crop inventory, the utility of satellite data of
 
the LANDSAT type, machine-assisted interpretation and analysis of
 
aerial and satellite data, the use of light tables and stereo
microscopes for high resolut.-on analysis, and investigation of
 
similar operational applications.
 

The Survey Department is the logical organization to house
 
such a center. It is presently engaged in similar work on a
 
reduced scale and currently holds a small NASA Research Grant
 
to investigate potential applications of LANDSAT technology.
 
Although additional training might be desirable in cortain areas
 
as new procedures are attempted, the department currently has a
 
nucleus of trained personnel who could form the core of the center
 
staff.
 

At the present time, a number of agencies are using photo

interpretation techniques. 
-None of these-"operational" agencies
 
have the facilities, equipment, training or budget required to
 
conduct research in these areas. 
Photo interpretation work is
 
done directly from panchromatic prints using hand lenses and
 
pocket stereoscopes, supplemented with a few simple mirror stereo
scopes. No analysis work is done using even basic light tables,
 
transparencies and stereomicroscopes. As a consequence, as noted
 
in earlier reports, less than half of the latent information
 
contained in this photography is available to the interpreter,
 
simply because of a lack of adequate equipment and technique.
 

The "Remote Sensing and Survey Research Center" will require
 
certain basic items of equipment to sup )rt applied research
 
activities. Training in maintenance and operation will also be
 
required. This equipment would be available at a central location
 
for use by other agencies once operational feasibility is demonstrated
 
in particular areas. 
These "customer agencies" should be encouraged
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to participate in applied research activities as appropriate. As
 
new techniques are developed and operationally proven, the center
 
should establish the necessary training programs to provide for
 
technology trhnsfer to these customer agencies.
 

4.8.1 Equipment
 

The Remote Sensing and Survey Research Center will require

the following items of equipment, or their technical equivalent,
 
to accomplish its role:
 

• Richardson 940 Light Tables (2 each) 
 $5,500

" B&L 240R Stereomicroscope and Bridge 
 5,000

" 
B&L SIS-95 or Zoom 70 Stereomicroscope 
 4,000
 
• B&L Zoom Transfer Scope, Model ZT4-H
 
with photo attachments 
 7,000


• 12S Video Image Processor 25,000
 
" Miscellaneous test, calibration and
support equipment 


3,oob
 
" 
Reference materials, publications and
* training aids 


1,500

" 
Color infrared film and processing 
 2,000

" 
Color film and processing. 
 2,000
 

4.8.2 Facilities
 

The center should be housed within the Survey Department,

physically near the photogranmetry operation. 
The majority of
 
equipment could be installed in one or two rooms. 
The rooms
 
should be air conditioned, to prolong the life of-the equipment,

and should be interior rooms 
(no windows) with independent light
 
control.
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4.8.3 LANDSAT Data
 

The Survey Department presently holds a small NASA grant-:for
 
research with LANDSAT data. 
Under this grant, they have completed
 
some basic data processing using computer facilities available in
 
Sri Lanka. 
The equipment recommended for the center will provide
 
for continued experimentation at larger scales.
 

LANDSAT data is not sufficiently accurate (by an order of
 
magnitude) to prepare base maps at the 1:10,000 scale as required

by the Agricultural Base Mapping Project. 
It is expected to he
 
quite useful, however, for regional resources assessment purposesf
 
once adequate base maps are available. A principal objective of
 
the 	Remote Sensing/Survey Research Center would be to determine
 
the 	utility and cost-effectiveness of LANDSAT data as applied to
 
particular -problems in Sri 	Lanka. 

4.8.4 Training 

Personnel within the 	Survey Department and other GSL resource 
agencies have been trained in photogrammetry and basic photo

interpretation. 
Additional familiarization and training will be
 
required in the areas of high resolution transparency analysis,

video image processing, LANDSAT data applications and orthophotography.

This training could be accomplished(partly through organized training

seminars conducted in Sri Lanka and partly through attendance at
 
international conferences and symposia.
 

The following typical training program is suggested. This may

of course be modified and should be flexible to accommodate new
 
requirements:
 

Training Seminars in Sri Lanka
 

1. 	Remote Sensing Technology - Review of fundamentals,

history, development, current state-of-the-art,

experimental programs. 
Geographic applications,
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land use, v:wetation and watershed management,
agricultural inventory, geological exploration.
Use of small-scale photography, transparencies,
stereomicroscopes, video image processors, color
density slicers. 
 Pan, color and color infrared

photo interpretation.
 
Typical training seminars could involve four senior
instructors for two weeks, with a class of 20-30
people and training materials.
 

2. 	Orthophotography - International conferences and

symposia.
 

• International Remote Sensing Symposium,
University of Michigan, Ann Arbor, Michigan.
(Held every 18 m6nths. Next symposium is
 
April 1977)
 

" International Conference on the Economics of
 
Remote Sensing. (Held annually in January)


" ASP/ACSM Conference (American Society of
Photogrammetry/American Congress of Surveying

and Mapping, Joint Conference), Washington,

D.C. (Held annually in March)


" 
Pecora Memorial Symposium on Remote Sensing
USGS/EROS Data Center, Souix Falls, South
Dakota (Held annually in November)
 
Other conferences on application of remote

sensing in agricultural services, geography,
geological exploration, photogrammetry and
cartography held irregularly at a variety of
universities end government facilities.
 

Typical attendance would be two individuals attending
one 	conference each every year. 
Attendance at two
conferences each in the first year of the Agricultural
Base Mapping Program is recommended.
 

4.9 Geodetic Net
 

The primary control systemof point positioning presently

in use is adequate for the production of 1:10,000 scale maps.

However, strengthening of the net is deemed to be necessary for

mapping at larger scales 
-
1:5,000 for engineering purposes and
 
1:2,000 and 1:1,000 for cadastral use.
 

The 	best means for strengthening the geodetic net would be

through use of the Doppler signals from the presently operating

U. S. Geodetic Satellite. Geoceiver stations would have to be
 
installed to obtain the necessary data.
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A peripheral benefit from such signals will be the mathematical
 
basis for a recomputation of the entire Sri Lanka First Order Net.
 
Also, this will provide the necessary data for relocation of the
 
net onto the presently accepted international spheroid figure,

rather than the currently used Everest spheroid figure.
 

It is estimated that the geodetic readjustment program will 
involve support from the U.S. Geological Survey Department and
 
NASA. 
About three months will be needed for the basic observations
 
at five selected geodetic points, four on the periphery of the
 
i.land, one in the center.
 

The geoceivers can be leased. 
Because of the relatively
 
short period of time they are required, this would be less
 
expensive than purchasing them. 
The cost of leasing the five
 
.instruments is estimated to be approximately $10,000. An estimated
 
two man-months of short-term technical assistance would be required
 
to support this operation.
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1°4
 

5.0 OPERATIONS PLANNING
 

The Survey Department, although currently preparing some
 
maps, is not actually operating on a production basis insofar
 
ar 
map making is concerned. A true production basis can only

be achieved when an aircraft is available and operating on a
 
regular schedule to obtain the necessary aerial photos. 
 Since
 
there is, therefore, no historical data 
on which to base plans,

they have to be developed on a theoretical basis.
 

The photo acquisition portion of the map making project is
 
by nature a batch process. 
The aerial photos are obtained in
 
a batch or roll consisting of 250 individual 9" 
x 9" frames, or
 
less depending on the requirements of the mission. 
The number
 
of photos taken, the altitude of the aircraft above average

terrain, the focal length of the lens and the scale of maps

produced all influence the amount of work to be done in making
 
maps. 
This., in turn, determines the time and manpower required.

Consequently, in developing a plan for the production of maps

which will efficiently utilize resources it is necessary to
 
combine a forecast of requirements with an estimate of map

production capacity. 
This is also necessary to plan and schedule
 
production, balance work flow and avoid backlogs and delays.
 

5.1 Production Requirements
 

As discussed in Appendix A, it is estimated that approximately
 
2,300 photos will be required to obtain complete coverage of the
 
country. 
This figure includes an additional 25% for remakes due
 
to terrain, etc. 
For planning purposes, this is also assumed to
 
be the number of models or stereo pairs which will be required.

The Survey Department plans to acquire the photos and make the
 
maps within a five-year period. 
With a total of 2,300 photos

estimated, this is about 460 per year. 
This figure, then provides.

the basis for planning and scheduling production operations.
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5.2 Production Capacity
 

The additional equipment and improvements proposed will
 
provide the Survey Department with the capability to complete
 
the Agricultural Base Mapping Project well within a five-year

period. 
It will also provide the capacity to undertake other
 
mappimg work which almost certainly will arise when portions
 
of the country are mapped at the 1:10,000 scale.
 

To produce approximately 460 maps per year will require a
 
production rate of 
1.9 models/day (460 models/year 240 days/

year). 
Since the estimated potential production rate will be 3.2
 
models/day (Appendix A) the 1:10,000 scale mapping project alone will
 
account for only 59% of the capacity over a.*ive-year period.
 

This "excess" capacity can be utilized in either of two ways.

The Survey Department could use their full capacity to work
 
exclusively on 1:10,000 scale mapping, and thus complete the task
 
in less than five years. 
This would mean that all current survey

projects, mapping operations, and the development projects dependent
 
on them would have to be postponed for at least three years. 
The
 
other alternative is to use the "excess" capacity to accommodate
 
the current and continuing work load. 
This latter approach appears
 
more compatible with the economic objectives of the country, and
 
the only logical choice.
 

It is also expected that there will be considerable demand for
 
larger scale maps, once the 1:10,000 series is available. In
 
considering the amount of additional work the Survey Department

will be able to devote to other than 1:10,000 scale mapping, it
 
should be noted that the time and effort to make maps increases
 
as the square of the increase in scale. 
In other words, to map
 
an area at 1:5,000 scale requires four times the number of models,

and thus, work, that it does for 1:10,000'scale. In Table 
8 this
 
effect of map scale on the number of models is illustrated for those
 
cases which are most likely to occur. 
Also shown is the approximate
 
ground area covered by each scale.
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Scale Models 
Area/Model 

Square Miles 
Excess Capacity* 
Square Miles 

1:10,000 1 16.18 4,983 
1:5,000 4 4.05 1,247 
1:2,500 16 1.01 311 
1:2,000 25 0.65 200 
1:1,000 100 0.16 49 

* 
Yearly estimated production mapping capacity, in excess of that
required to support the 1:10,000 Agricultural Base Mapping Project
 

Table 8: 
 RELATION OF MAP SCALE AND MAP PRODUCTION
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With an estimated production rate of 3.2 models/day and
 
240 working days/year, the Survey Department will be capable

of making maps from 768 models each year. 
On the average that
 
means the excess capacity over that required for 1:10,000 scale
 
maps is 308 models. 
On that basis, the third column of Table 8
 
indicates the corresponding additional ground area that can be
 
mapped each year for any given scale.
 

5.3 Survey Department Proposed Schedule
 

The Survey Department has provided a general schedule of
 
operations. 
The sequence in which aerial coverage would be
 
flown, and maps made, reflects rA.tional priorities concerning

agricultural development. 
Each area of the country and the
 
year in which coverage is planned is shown in Figure 1L 
 These
 
areas, as indicated, vary considerably in size and, therefore,
 
in the amount of work necessary to map each. 
The cross hatched
 
areas in the lower center of Figure llindicate those areas which
 
have to.be flown at higher altitude.
 

The program as indicated by Figure llwould result in the
 
heaviest effort in the first year, tapering off steadily there
after as shown in Table 9. 
This schedule will obtain 1:10,000
 
scale maps of the high priority areas of the country very quickly.

In fact, it will cover half the country in the first two years

and thiee-quarters in three. 
The disadvantage, though, is that
 
this leaves little capacity for making larger scale maps during

this period, as indicated by the last two columns of Table
 

To put this in perspective, consider as an example the
 
potential need for 1:5,000 scale maps from aerial photos.

According to theabove schedule, the Survey Department will
 
have the excess capacity to handle about 155 models (768  613
 
= 155) during the first year. A 1:5,000 scale map covers a ground
 
area of 4.045 square miles. 
In terms of ground area, then, the
 
Survey Department would be able to map 627 square miles (155 x 4.045
 
- 627). This is equivalent to an area just a little larger than one 
of the 28 x 18 mile 16 chain-grid area.
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~FiguL-e 11: SURVEY DEPAW MENT 
AV AERIAL PHOTO PLAN 
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Year 

Number of
Models 

Per Year 

Portion 
Country
Covered 

Cumulative 
Average 

Capacity
Utilized 

Excess 
Capacity 

1 613 27% 27% 80% 20% 
2 574 25% 52% 75% 25% 
3 518 23% 75% 67% 33% 
4 355 15% 90% 46% 54% 
5 241 10% 100% 31% 69% 

Table 9: PRODUCTION IMPACT OF SURVEY DEPARTMENT
 
AERIAL PHOTOGRAPHY PROGRAM
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5.4 Proposed Alternative Schedule 

The photo coverage of the 1:10,000 scale Agricultural Base
 
Mapping Project will not match perfectly the grid lines and, thus,

the priority areas identified in Figure 12. Therefore, the schedule
 
as 
shown is only approximate, If the boundaries of the priority
 
areas are adjusted slightly, as recommended, to more closely

approximate the area to be covered in 1:10,000 scale mapping, a

somewhat more evenly balanced program will result. If the country
is divided as shown in Figure2 for the photo project, the results
 
will be as indicated in Table 10. It can, of course be adjusted

further to provide 
even better balance. 

The alternative photo plan provides for eight flight lines

(east-.'est) in each priority area for most of the country. 
All but
 
the most northerly two sections are comprised of 45 mile wide
 
strips. Since the distance between flight lines will be 5.68
 
miles to provide 20% overlap, eight flight lines will cover a
 
strip 45.4 miles wide (5.68 x 8 - 45.44).
 

The alternative photo coverage plan forms the basis for a

preliminary implementation plan for the Agricultural Base Mapping
Project. On initiation of the project a detailed final work plan
will have to be developed. That plan would specify the exact 
flight lines and areas to be included in each map sheet and the 
specific areas of the country to be flown in each year. 
Priorities 
may change somewhat before'the project gets underway. The specific 
area of the country covered has little impact on map production.

However, the size of the area covered does. 
A fAirly constant load 
or input makes planning and management somewhat simpler than if the 
requirements vary within a year or from year to vAr 
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F-tgUre 12: PROPOSED ALTE 4ZATIVT 
ARIAL PHMOT PLAN
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Year 

Number Of 
Models 
Per Year 

Portion 
Country 
Covered 

Cumulative 
Average 

Capacity 
Utilized 

Excess 
Capacity 

1 508 22% 22% 66% 34% 
2 546 24% 46%. 71% 29% 
3 448 19% 65% 58% 42% 
4 431 19% 84% 56% 44% 
5 367 16% 100% 48% 52% 

Tablel0: 
 PRODUCTION IMPACT OF ALTERNATIVE
 
AERIAL PHOTO PROGRAM
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5.4.1 First Year
 

In accordance with the proposed alternative plan, the
 
requirements for the first year of operation would be as follows:
 

Number of Models 508 

@ 25,000' altitude 408 
@ 28,000' altitude 100 

Photo Missions
 

8 flight lines @ average 150 miles each @ 25,000'
 
6 flight lines @ average 35 miles each @ 28,000'
 
2 flight lines @ average 50 miles each @ 30,000'
 

Flight Schedule
 

One 150 mile mission + one 35 mile mission every 6-7

weeks for first six flights
 
One 150 mile + one 50 mile mission every'6-7 weeks
 
for last two flights
 
Elapsed time 48-56 weeks
 

Map Production
 

Rate 1.9 models/day x 5 days/week = 9.5 models/week
 
Input approximately 64 models every 6-7 weeks
 
Time to map mission:
 

@ 9.5 models/week = 64 + 9.5 
= 6.7 weeks 
Time to make 508 mi.ps: 

@ 9.5 models/week = 508 + 9.5 53.5 weeks 
@ 9.8 models/week = 508 9.8 = 51.8 weeks 

Rather than break flight liner and risk the problems of properly

matching discontinuities, it is planned to make continuous flight

lines over terrain of higher altitude. To maintain the proper

distance above terrain the higher elevations will then be reflown
 
at the proper altitude.
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5.4.2 Second Year
 

The proposed plan for the second year contains coverage of
 
the area of highest elevation in the country. If mapping this area
 
is not really a high national priority it could easily be deferred
 
until subsequent years, thus reducing the effort in the second year
 
to be more in line with the others.
 

Number of Models 546 

@ 25,000' altitude 370 
@ 28,000' altitude 130 
@ 30,000' altitude 46 

Photo Missions
 

8 flight lines @ average 150 miles each @ 25,000'
 
8 flight lines @ average 40 miles each @ 28,000'
 
4 flight lines @ average 25 miles each @ 30,000'
 

Flight Schedule
 

One 150 mile mission every 6-7 weeks
 
One 40 mile mission every 6-7 weeks
 
One 25 mile mission every 6-7 weeks
 

Map Production
 

Rate 1.9 models/day x 5 days/week = 9.5 models/week
 
Input approximately 68 models every 6-7 weeks
 
Time to map mission:
 

@ 9.5 models/week = 
68 + 9.5 = 7-2 weeks
 

Time to make 546 maps: 
@ 9.5 models/week = 546 z 9.5 = 57.5 weeks
 
@10.5 models/week = 546 Z 10.5 - 52.0 weeks 
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If in fact it is necessary to map all of the year indicated
 
in year two, it will be necessary to devote slightly more resources
 
to the effort than planned. To complete maps of the area within
 
52 weeks it will be necessary to increase the production rate to
 
10.5 models per week or 2.1 models per day. 
An alternative is,

of course, delaying the 30,000' photography to a later year.
 

5.4.3 Third Year
 

During the third year all photography would be taken from
 
the same altitude, 25,000'
 

Number of Models 
 448
 

Photo Missions
 

8 flight lines @ average 130 miles each @ 25,000'
 

Flight Schedule
 

One 130 mile mission every 6-7 weeks
 

Map Production
 

Rate 1.9 models/day x 5 days/week = 9.5 models/week
 
Input approximately 56 models every 6-7 weeks
 
Time o map mission:
 

@ 9.5 models/week  56 maps z 9.5 maps/week = 6 weeks 
Time to make 448 maps: 

@ 9.5 models/week = 4-48 + 9.5 - 47 weeks 
@ 8.7 models/week - 448 + 8.7 = 51.5 weeks 
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5'4.4 Fourth Year
 

The fourth year of the project involves somewhat shorter
 
flight lines, and more of them, and covers the north end.of the
 
country and areas of the most irregular coastline. All of the
 
photography will be flown at the same altitude, 25,000'.
 

Number of Models 
 431
 

Photo Mssions
 

8 flight lines @ average 90 miles each @ 25,000' 
6 flight lines @ average 45 miles each * 25,000' 

Flight Schedule
 

One 90 mile mission every 4 weeks for 32 weeks
 
One 45 mile mission every 2 weeks for 18 weeks
 

Map Production
 

Rate 1.9 models/day x 5 days/week = 9.5 models/week
 
Input approximately 56 models every 6-7 weeks
 
Time to map mission: 

@ 9.5 models/week = 56 models + 9.5 models/week = 6 weeks
 
Time to make 431 maps:
 

@ 9.5 models/week = 
431 . 9.5 = 45 weeks 
@ 8.3 models/week = 431 + 8.3 = 51.9 weeks 

5.4.5 Fifth Year
 

The coverage of the 
,ast year of the project is split between
 
the southern tip of the cmuntry and a band in the far north. 
The
 
flight lines are therefore generally shorter than average.
 

Number of Models 
 367
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Photo Missions
 

3 flight lines @ average 125 miles each @ 25,000'
 
3 flight lines @ average 90 miles each @ 25,000'
 
4 flight lines @ average 60 miles each @ 25,000'
 
3 flight lines @ average 30 miles each @ 28,000'
 
2 flight lines @ average 45 miles each @ 25,000'
 

Flight Schedule
 

One 125 mile mission every 6 weeks for 18 weeks
 
One 90 mile mission + one 30 mile mission every

6 weeks for 18 Weeks
 
Two 60 mile missions every 6 waeks for 12 weeks
 
Two 45 mile missions the 48th week
 

Map Production
 

Rate 1.9 models/day x*5 days/week = 9.5 models/week
 
Input approximately 56 models every 6-7 weeks
 
Time to map mission:
 

@ 9.5 models/week = 56 models 
 9.5 models/week = weeks 
Time to make 367 maps:
 

@ 9.5 models/week = 
67 + 9.5 = 38.6 weeks
 
@ 7.1 models/week = 
367 + 7.1 = 51.7.weeks 
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6.0 EQUIPMENT PROCUREMENT (CAPITAL ITEMS)
 

Items of capital'equipment required by the Survey Department
 
are listed in sections 4.4 and 8.2. 
 In the majority of cases,

required items are available from only one manufacturer (as in
 
the case of Wild Autograph and Kodak Versamat equipment) and
 
that item is designated by trade or manufacturer's name. 
The
 
source listed is either the only manufacturer of this type of
 
equipment, or the specific equipment type is required to properly

interface with existing equipment. 
Where directed procurement is
 
not essential, a suggested source is given for major items, followed
 
by an "or equal" qualification.
 

The only major exception to the above is in the case of
 
aircraft procurement. 
On the basis of both published data and
 
actual flight test performance, the Cessna 421C aircraft is
 
recommended. 
With the required modifications included, it also
 
appears to be the least expensive aircraft. 
Thi3 is, however, a
 
major procurement item and competitive bidding may be required.

Accordingly, performance, equipment, and other specifications
 
considered essential to this project are presented here as an
 
aid in equipmtnt procurement.
 

Certain items relating in general to equipment procurement

for this project should be noted. 
These include the following:
 

1. It is recommended that USAID strongly consider
furnishing major items of capital equipment to
the GSL in kind instead of in cash. 
Several
equipment suppliers have indicated their costs
 may increase by factors ranging from 50% to 80%
if purchase is made directly by an agent in Sri
Lanka. 
This would appear to particularly apply
in the case of aircraft purchase and the purchase
of triangulation and compilation equipment. 
Purchase
of smaller items, or of expendables directly by the
Survey Department, does not seem to have this type

of problem.
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2. 	Modification of a pressurized aircraft is not a
simple task-and requires skilled and experienced

personnel. 
Only one aircraft manufacturer (Beech
Aircraft) provides this modification directly;
all others are on a contract basis by independent
organizations. 
Aerial survey companies purchasing
aircraft so modified normally monitor this modification
procedure and subsequent test phase to insure aircraft
flight safety. It is recommended that USAID or the
GSL closely monitor this modification, or arrange
for other independent verification.
 

6.1 Aircraft Procurement and Modification
 

The aircraft purchased for aerial photography in Sri Lanka
 
should meet or exceed the following technical specifications.
 

6.1.1 General Description
 

A twin-engine pressurized aircraft modified for aerial
 
photography, capable of sustained flight operations with five
 
crew members and camera (estimated crew and camera weight of
 
1,200 pounds) for four hours atan altitude of 28,000 feet, with
 
a minimum operatic..al service ceiling of 30,000 feet.
 

6.1.2 Equipment Configuration
 

The aircraft should be equipped with the following minimum
 
instrumentation and equipment. 
Bidders should supply a complete

itemized and priced list, including optional equipment or systems
 
they may recommend:
 

Dual Nav/Com (Cessna 400 series or equal), 
dual ADF,
with Glide Scope, Marker Beacon, DME, basic electronic
kit 	and antennas, dual-pointer RMI with slaved compass
and 	heading bootstrap. 
Single side-band HF transceiver
with long antenna (I-S-130 HF or equivalent). 
 24-hour
8-day clock, flight hour recorder, and synchronous
tachometer. 
Fuel economy mixture or EGT indicator.
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High intensity strobe lights, locator beacon, heated
static source, OAT indicator, autopilot, dual controls
and standard .flight instruments on copilot panel.
 
Additional items desired include:
 

Cabin air conditioning, corrosion proofing, propeller
de-icesystem, complete with partial plumbing for
remainder of de-ice system; fuselage ice protection
plates, engine fire detection and extinguishing system,
cabin fire extinguisher, relief tube, low-level fuel
warning system, supplemental oxygen system (minimum
100 cu. ft.), and fully adjustable pilot and copilot
seats. .Pilot and copilot oxygen masks should include
integral microphone.
 

6.1.3 
 Special Instructions
 

Aircraft must be mzdified to accept either an RC-10 cainera
 or an RC-8 
camera with adapter, a Wild NF-2 viewfinder, and B3

driftsight. Viewfinder and driftsight should be located in aft
cabin area. 
Seating should be such as to allow simultaneous
 
operation of viewfinder, driftsight, and camera by three separate
 
crew members.
 

A glass plate should be installed below the camera to insure
 pressure integrity of the aircraft. 
Glass should be Grade A
material, ground and polished in accordance with Group M (MIL-G
1366E) specifications, and should be approximately 90% transparent

over a minimum range of 4,000-10,000 Angstroms wavelength. 
Spectral

transmittance curves should be provided for the particular glass

plate installed in aircraft.
 

A sliding door, electrically or manually operated, should

be installed to protect camera glass during takeoff and landing.

Door should be operable in flight.
 

All cabin windows should be of clear material, without
 
tint. (cockpit windows may be tinted).
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GSL Survey Department NF-2 viewfinder and B3 driftsight
 
should be provided to successful bidder to facilitate installation
 
in aircraft and to insure integrity of pressure hull.
 

A full pressure test and inspection should be performed after
 
completion of all modifications to confirm pressure integrity.
 

Aircraft modification should include power leads for NF-2,
 
B3 and RC8 camera as required, together with facilities for mounting
 
RC8 control unit near camera.
 

6.1.4 Known Sources of Supply
 

The following aircraft are capable of meeting minimum
 
performance specifications:
 

Cessna 421C (Executive Commuter) - Address bid request
 
to:
 

Mr. R. A. Brown
 
Manager, Cessna Division
 
Heli Orient (Pte) Limited
 
P. 0. Box 17, Jalan Kayu
 
Singapore 28
 
(Telephone: 4815311)
 

with bid request copy to:
 
Mr. Sam Jantzen, Jr.
 
Manager, Far East and Pacific Sales
 
Cessna Aircraft Company

P. 0. Box 1521
 
Wichita, Kansas 67201
 

Piper PA-31P - Address bid request to:
 

Mr. R. H. Utterback
 
Western Airmotive Company, Inc.
 
Oakland International Airport

Oakland, California 94614
 

with bid request copy to:
 
Mr. C. Raymond Johnson
 
Director of Sales
 
Piper Aircraft Corporation

Lock Haven, Pennsylvania 17745
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Beach King Air C90 
- Address bid reucest to:
 
Mr. Frank Steffey

Regional Manager, International Division
 
Beech Aircraft Corporation

Wichita, Kansas 
67201
 

6.1.5 
Training and Familiarization
 

The successful bidder on the aircraft should provide a training

and familiarization program for pilots and mechanics in Sri Lanka.
 
Training requirements are estimated as a one week ground/tansition
 
flight training school for pilots, .and 
a one week maintenance school
 
or mechanics and maintenance personnel.
 

Most aircraft manufacturers include similar transition training
 
prograns, at their facility, at no additional cost. Round trip air
 
fare from Colombo to Wichita, Kansas, is on the order of $2,000.

When per diem and other travel related expenses are included, the
 
estimated cost to send two trainees (one pilot and one mechanic)

is approximately $5,000. 
 The same course brought to Sri Lanka
 
could train ten or more people for this same amount, or less, if
 
the supplier maintains a facility in the Far East area.
 

6.1.6 Materials, Supplies and Spares
 

Aircraft manufacturers commonly recommend a minimum 10% of
 
aircraft purchase price as a guideline-for yearly procurement of
 
miscellaneous aircraft/avionics spares and materials. 
The SLAP
 
presently operates Cessna aircrdft and maintains a.stock of standard
 
parts and test equipment. 
If the 421C aircraft is purchased, then
 
a reserve of $100,000 for spares and tools plus $47,500 for engine

overhaul plus $5,000 for miscellaneous items, or a total of $152,500
 
is suggested. 
This figure should be increased by an estimated
 
$30,000-$50,000 for additional test equipment and parts if an
 
alternative aircraft is selected.
 

96
 



6.2 Aircraft Support
 

The Survey Department has drafted an agreement with the Sri
 
Lanka Air Force for aircraft support and maintenance. Under the
 
terms of this agreement, the SLAF will perform all necessary

maintenance and provide pilots at no cost to the Survey Department.

The Survey Department will provide funds (foreign exchange) for
 
fuel, equipment, and maintenance items requiring foreign exchange.

In return, the SLAF may use the aircraft for training purposes.

Survey Department requirements will have priority over any other
 
use.
 

Survey Department costs for expendables and reserve for
 
engine overhaul/exchange have been estimated on the basis of
 
300 hours operation/year. Engine overhaul/exchange is a major
 
expense item, estimated at $35,000 every 1,200 hours, or once
 
every four years at this utilization rate. 
It is recommended that
 
the SLAF contribute toward engine overhaul on a pro-rate basis
 
reflecting their use of the aircraft for other-than-Survey
 
Department requirements in excess of 300 hours/year.
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APPENDIX A
 

DERIVATION OF MAP PRODUCTION RATE
 



1.0 INTRODUCTION
 

To estimate the capability of the Survey Department to
 
produce 1:10,000 scale maps under various conditions it was
 
necessary to begin with the aerial photographic requirements.
 
The output in terms of stereo pairs or models was then used to
 
determine the time it will take to perform the major functions
 
necessary to producing map sheets.
 

Of the sevenomajor functions in map making discussed in the
 
main body of the report all but two, film processing and printing
 
are considered here. 
Neither contributes significantly to the
 
processing time and can therefore be disregarded. Photo
 
acquisition although it requires little time relative to other
 
functions is important from the standpoint that it provides the
 
input upon which the map making activities are based. Consequently,

photo acquisition was taken as the point of departure. 
The output

of that function was then used to estimate the time it will take
 
to produce maps.
 

Al
 



2.0 PHOTO ACQUISITION
 

The Survey Department has determined the Agricultural Base
 
Mapping Project requirements on the basis of the Index to 16

Chain Record Diagrams. The Index, in the form of a grid over
laying an outline map of the country provides a foundation for
 
determining the number of aerial photos required. 
This, in turn,

determines the inputs to the map productIon operations.
 

The Index shown in Figure A-I divides the country into some

73 areas identified by name. 
Each full rectangle is 28 miles
 
long and 18 miles wide. 
Since the country itself, however, is
 
not rectangular, the grid overlay does not match the borders.
 
Consequently, many of the rectangles are incomplete. 
Nevertheless,

the Index does provide a means of estimating the photo requirements
 
for the 1:10,000 scale maps.
 

The photography is to be flown at 25,000 feet above mean
 
terrain with 60% Zcrward overlap and a sidelap of 20% ± 5%.
 
Relating this to the Index results in an estimate of a minimum
 
of 32 photographs to cover each 28 by 18 mile rectangle. 
This
 
is explained in the following paragraphs.
 

The linear miles gained per photo at 1:50,000 scale where
 
1 inch = 4,166.6 feet is:
 

4,166.6 feet/inch x 9 inches/photo = 37,499 feet/photo
 

37,499 feet/photo 
 =
 
5,280 feet/mile 7.1 miles/photo on t1)e ground.
-

With 60% forward lap,
 

7.1 miles/photo x 0.4 gain 
= 2.84 miles forward gain/photo.
 

The longitudinal ground distance of each Index rectangle is
 
28 miles. Therefore, it requires ten photos at 1:50,000 scale to
 
cover that distance in the direction of an east-west flight line
 
(28 miles + 2.8 miles per photo).
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With a 20% sidelap the distance between flight lines is
 
approximately 5.68 miles 
(7.1 miles x 0.8 - 5.68 miles). The
 
ground width of the map area is approximately 18 miles. Therefore
 
the number of flight lines to cover that width is 3.17 
(18 miles +
 
5.68 miles per flight = 3.17). The number of photos to cover each 
Index area is, then, 10 x 3.17 = 31.7 or 32 photos. This happens 
to coincide with the number of grids within each area. 

The figure of 32 photos per sheet is a minimum value. This
 
does not account for changes in altitude to account for terrain
 
or errors and rework. Consequently, a factor of 25% has been
 
added for planning purposes. 
This results in an estimated 40
 
photos per Index area 
(32 x .25 = 8 + 32 - 40).
 

The Index contains 73 named rectangles. However, portions
 
of many of these are water. The partial areas amount to about
 
15 equivalent rectangles. Therefore, the number of full land
 
equivalent rectangles was estimated to be 58 
(73 - 15 = 58).
 

The total number of photos estimated to be necessary at
 
1:50,000 scal6 then is:
 

58 map sheets x 40 photos per map sheet = 2,300 photos.
 

For simplicity, this is also the number of stereo pairs or
 
models assumed to be required. To meet the time goal of the
 
project, this means that the Survey Department must, on the
 
average, complete 460 models per year for five years.
 

The proposed aircraft is capable of the following
 
performance:
 

Cruise speed = 213+ miles per hour
 
Flying time about 4 hours for photo purposes.
 

* Limited by lighting requirements and weather conditions. 
Actual
 
Aircraft endurance exceeds 6 hours.
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then, more modest coverage per mission is considered. For planning

and'estimating it can be assumed that photo missions of about 400
 
"iles on the average are more likely.*
 

Based on the 1:63,360 scale index the average flight line
 across the country east and west is 128 miles. 
Three such flights

would amount to about 400 miles (384 lineAr miles) for a typical

mission. 
This would result in:
 

128 miles per flight line
2.84 miles per photo - 45 photos per flight line. 

In turn, this would produce 45 x 3 
= 135 photos or about 107 feet
 
of film per mission or less than one-half a standard cassette
 
of 250 feet of aerial film.
 

To cover the country north-south will require approximately

51 flight lines (76 map strips of 1:63,360 x 3.17 flight lines
 
per map strip = 50.7 flight lines). To obtain complete coverage

of the country at 1:50,000 photo scale, then, will require an

estimated 17 photo missions 
(51 lines -. 3 lines per mission. The

photo coverage can obviously be obtained in a relatively short time
compared to that required by other functions as is noted in section

3.0. Consequently, two choices are available: 
 proceed with the

aerial photo missions as rapidly as they can be made or schedule

them in consonance with the map production capacity. 
The latter

is the recommended approach. 
Otherwise, maps made in subsequent
 
years of the project would be based on photography one to four
 years old. 
One of the objectives of the Agricultural Base Mapping

Project is to obtain current maps.
 

* 
This is a reasonable average for typical aerial photography
projects in tropical areas, and will require three to four hours
flight time, ipcluding time-to-climb, turns on line, and descent.
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3.0 BALANCED MAP PRODUCTION RATE
 

To determine the capacity of the Survey Department to make
 
maps, identify where bottlenecks might occur and provide a basis
 
for planning it was necessary to generate production rates and
 
times for the various steps in the process. In so doing it was
 
intuitively obvious that certain steps were not critical. 
 Film
 
processing can be accomplished quite rapidly with the new equipment

recommended and could probably keep pace with photo acquisition

Similarly, litho printing is a high speed process which has no
 
inherent bottlenecks. Consequently, the emphasis in determining

the map making capacity of the Survey Department was placed on
 
five steps in the process: field control, triangulation, compilation,
 
scribing, and field editing.
 

In estimating production rates and production times for the
 
important steps in map making, the unit of measure chosen was the
 
model or stereo pair. The functions performed in each step can be
 
expressed in terms of this unit. 
The number of models produced
 
per unit time is, thus, an expression of production rate common
 
to all five steps.
 

Production rates in terms of the number of models produced per

day are presented in Table A-1. 
These rates represent the best
 
estimates in view of the various considerations discussed in
 
subsequent subsections. 
The figures are, of necessity, greatly

influenced by the assumptions made. 
The Survey Department does not
 
have sufficient historical data upon which to base precise production
 
rates. Nevertheless, the information presented is believe! to
 
represent reasonably accurate forecasts of future performance based
 
on knowledge of similar operations in other countries.
 

Because of the combination of individual productivity rate
 
and number of plotting instruments available, compilation is the
 
limiting function in the map making process. 
The best rate of
 
production which can be realistically achieved in compilation thus
 
sets the pace for the entire operation. There is no point in having
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Field Control (11 man teams)
 

10 days/point and 1 point/2 models = 

1/5 models/day -0.2
 
16 teams 
(176 people) x 0.2 models/day 
 = 3.2 models/day 

Triangulation
 

2 models/day and 2 instruments
 
2 models/day x 2 instruments x 1 shift 
 = 4.0 models/day 

Compilation (including automated scribing) 

5 days/model and 8 instruments
 
5 days/model.x 8 instruments x 2 shifts 
 = 3.2 models/day 

Fiei Editing (11 man team) 

20 days/model
 
1/20 model/day/team = 0.05
 
64 teams <704 people). x 0.05 models/day/team = 3.2 mod,'Is/day 

Scribing (manual) 

4 months per model (manuscript)/person
 
1/20 x 4 = 1/80 model/day/person = 0.0125
 
256 persons x 0.0125 models/day/person 
 = 3.2 models/day 

Table A-1: PRODUCTION RATES FOR MAP MAKING FUNCTIONS
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other steps operate at a greater rate because it would not reduce
 
the time required to complete the 1:10,000 scale mapping project.
 
It would, though, result in fluctuations in workload which achieve
 
nothing and complicate management scheduling and planning.
 

3.1 Field Control
 

The production rate for establishing additional ground control
 
points is based on estimates of the time required to survey a point
 
and the number of points to be added. The number of teams used
 
is that necessary to match the compilation rate of 3.2 models per
 
day and, thus, balance production. The time required to survey
 
a point and, therefore, the number of teams required is also a 
function of the transportation available in the field.
 

The figure of 10 days per point per survey team was a figure
 
provided by the Survey Department based on prior experience. The
 
figure of one point to be added for every two models is based on
 
an estimate of the need for an additional 920 points throughout
 
the country plus a 25% contingency for a total of 1,150 points
 
(920 + 230 = 1,150). Presuming the points fairly evenly distributed,
 
this means an average of one point for every two models (1,150 points
 
and 2,600 models).
 

3.2 Triangulation
 

Estimates by the Survey Department of productivity in performing
 
triangulation varied from 1 model 'perday to four models per day
 
per instrument.
 

Our best estimate of productivity in triangulation is that
 
based on the completion of two models per day per instrument. It
 
is unlikely that even the most skilled operator will be able to
 
accomplish much more than that. 
This compares with experience
 
elsewhere and is a rate which if not immediately reached, should be
 
with production experience.
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The production rate of four models per day with two instruments
 
sets the pace for map production operations. Ideally, the other
 
functions should be brought up to this level, either through

improvements in productivity or by addition of people to balance
 
the flow of work.
 

It should be noted that the rate of four models per day assumes

the addition of a second plotter (Wild A-10). 
 Without the instrument,

the output would be two models/day with one shift operation. 
A
 
second shift would be needed to achieve four models/day.
 

If the production rate of four models per day can be maintained,
 
as expected, the excess capacity can be utilized to help reduce any

backlcg in compilation. 
This is possible since compilation can
 
also be accomplished on the same equipment (the Wild B-8 and A-10)
 
as necessary.
 

3.3 Compilation
 

The production rate of the compilation function is based on
 
an estimate of five days per model per instrument. While this rate
 
appears somewhat low 
it may well be realistic, particularly in

view of the necessity to do the compilation in ink rather than
 
pencil as has-been the practice. This is absolutely essential,

however, if the extremely large manpower requirement of manual
 
scribing is to be avoided.
 

To maintain a prcduction pace reasonably close to that of
 
triangulation, it will be necessary to either provide two shift
 
operation, increase productivity or some combination of both. 
The
 
production rate of 3.2 models/day is based on eight rather than
 
the present seven instruments, otherwise the production rate of

compilation would only be 2.8 models/day (1/5 x 7 x 2 
= 14/5 - 2.8).

Since the compilation rate is the limiting function of the process,

it is necessary that it be maintained as high as possible.
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It is felt by the Survey Department that two shift operation

is possible. 
A third shift would be very difficult, if possible
 
at all.
 

3.4 Field Editing
 

The work involved in checking the manuscript in the field
 
and noting the necessary changes is estimated to require 20 days

according to the Survey Department. Each manuscript will cover
 
a little over 11,000 acres (11,264) which means a team must average
 
about 560 acres per day.
 

To maintain pace with compilation requires 64 field survey

parties. 
Since each party consists of a surveyor and ten laborers,
 
the total manpower required is 704 people. 
This personnel require
ment can be met from among the present Survey Department staff.
 
They currently have some 800 surveyors. The field bditing plus

the field control work would thus account for about 10% of the
 
present surveying manpower (64 + 16/800 = 
.10).
 

The time to edit each manuscript, and hence the manpower

required to maintain the production rate, is, in part, a function
 
of the transportation available in the field. 
If the survey

parties can be transported more quickly some savings can be
 
attained. The estimate of 20 days is an average figure. 
The actual
 
time required is likely to vary considerably according to the
 
terrain, vegetation and cultural features.
 

3.5 Scribing (Manual)
 

The productivity figure of 1/80 model/day/person is based':on
 
the statement of the Survey Department that hand scribing requires

four months per manuscript. 
In the case of the 1:10,000 scale maps,
 
one model will equal one manuscript.
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The hand scribing operation should be largely eliminated as
 
discussed in the main body of this report. 
If for no other reason,

this should be done on the basis of the severe manpower problems

which would be imposed if it were not. The large number of skilled
 
technicians who would have to be recruited, trained and managed

m?,kr.s hand scribing a very undesirable method. 
The requirement
 
to maintain pace at least with compilation would mean hiring

roughly eight times the-present staff. 
The probiems of acquiring,

housing and managing such a group would prove formidable. Unless
 
three shift operation were possible, additional space would be
 
required.
 

Since it is presumed that color separations will be prepared

by the photo process recommended, the manual scribing process is
 
only considered for illustration. 
 If for some unforeseen reason
 
this changes, the figures of Table A-i provide guidance as 
to
 
the manpower requirements.
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4.0 OPERATIONAL MAP PRODUCTION RATE
 

If the scribing operation is automated as recommended here,
then line balancing indicates that the compilation operation will
 
then be the pacing item ("bottleneck"). 
 The Survey Department

has indicated their normal working year consists of 240 days.

Therefore, at a maximum production rate of 3.2 models/day and an

estimated 2,300 models for the entire country, the base mapping
 
program can be completed in three years (2,300 +.3.2 
z 240). This
 
rate, however, requires a mapping program totally dedicated to

the production of 1:10,000 scale maps. 
This is unrealistic in

view of existing demands on the Survey Department to produce

additional maps at larger scales. 
 Further, these demands can

be expected to increase as the 1:10,000 map series becomes
 
available to support planning operations.
 

A program to complete the 1:10,000 map series within five
 
years would require a production rate of 460 models/year, or

approximately 1.9 models/day, assuming 240.working days per year.

Production rates and available "excess" capacity for each operation

would then be as'shown in Table A-2. 
Aerial photographic operations,

at four flight missions per year, would seem to be the most under
utilized area. 
A typical photographic operation in a tropical

region where cloud cover is always a problem might be expected

to accomplish one such "mission" (often broken up into two or

three flights) per week during the "photo season," 
or that period

of time when cloud cover, solar illumination and other conditions
 
are such that acceptable (cloud-free) photography can reasonably

be expected. 
In Sri Lanka, the normal photo season is estimated
 
to be approximately 16 weeks long. 
Given these constraints, a

requirement of 460 cloud-free photo models per year would represent

about 25% of average available capacity. The remaining photo

capacity is expected to be utilized for lower altitude photography

to support detailed development projects and natural resource
 
assessment programs, 
For example, the Department of Agriculture

has indicated a requirement for 1:20,000 scale photography over
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Estimated
 
Additional
 
Available
 
Capacity
 

Aerial Photography
 

135 photos or models/flight mission
 
4 missions/year 
- 540 models/year 
 75%
 

Field Control
 

0.2 models/day per 11-man team
 
10 field control teams = 
 480 models/year
 

Triangulation (2 instruments)
 

4 models/day = 960 models/year 50%
 

Compilation (8 instruments).
 

1.6 models/day, one full shift
 
3.2 models/day, two full shifts = 768 models/year 40%
 

Field Editing
 

0.05 models/day per 1-man team
 
38 field teams - 456 models/year
 

Table A-2: PRODUCTION RATES FOR FIVE-YEAR 
'ROGRAM
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an area of 7,000 square miles to support a wetlands and vegetation

assessment program. 
This one request alone could result in 75%

utilization of the aircraft in one year, leaving no available
 
capacity to support other programs.
 

The "excess" capacity shown for the triangulation and
 
compilation efforts is similarly expected-to be utilized to
 
support other current and continuing requirements. For example,

at a production rate of two models/day, the one existing instrument
 
would be utilized 100% to support the 1:10,000 project, and all

other aerial mapping operations in Sri Lanka, and the development

projects dependent on them, would have to be postponed for a
 
minimum period of approximately five years.
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APPENDIX B 

SURVEY DEPARTMENT PERFORMANCE SUMMARY 1970-1975 



SURVEY DEPARTHENT PERFORMANCE SUMMARY, 1970-1975
 

Year 

Ground 
Survey 

Requested 

Ground 
Survey 

Accomplished 

Percent 
Accomp-
lished 

Aerial 
Survey 

Requested 

Aerial 
Survey 

Accomplished 

Percent 
Accomp-
lished 

Photo-
grammetry 
Requested 

Photo
grammetry 
Requested 

Percen# 
Accomplished 

1970 904,585 682,668 75% 3,200,000 -0- 0 284,975 222,000 78% 
1971 1,084,330 587,636 54% 6,400,000 80,250 1% 265,209 160,509 61% 
1972 1,105,000 656,641 59% 9,520,750 1,635,200 17% 1,142,603 977,000 86% 
1973 857,788 399,808 47% 11,185,550 1,377,000 12% 1,484,277 1,303,000 88% 
1974 528,405 319,082 60% 13,008,550 2,408,900 18% 1,522,321 1,025,600 67% 
1975 751,239 541,232 72% 10,599,650 '922,500 9% 1,751,000 807,000 46% 

All figures given in acres. 
Channel trace surveys, geodetic unit, and similar work expressed in line miles is excluded
 
on this summary.
 



APPENDIX C 

MEMORANDUM ON THE AIR SURVEY BRANCH -
SURVEY DEPARTMENT OF SRI LANKA 



Nemornim On the Air Surw ranh _ 
1*WWry'erte, or Sri L~jMm 

The Air Sut Branch of tba Sr Lnnim -uve rjpm-bwnt
 
ad Its beginnin in l1. 
 - s 0ellUnit was establishod with
 

Canadian assistance for prerrution Of mediumand l scale mp.

Since then the Unit has expanded its scope with additional equip
ment and trained personnel. The officers in this Depnrtnent have
 
now gained experience 
 in terial Surveys and Resources 9tudies
 
Df la -P areas for various projects. In addition to the 
resources

of the Survey Department which consists of all convontionnl and
 
modern types of surveys and cartographic equipment, 
 the Air! Survey
Branch .Is well equipped and is manned by trained, personnel. At
 
present it is com2osed of the followie Units
 

(a) 	 PhotoKrannetric Unit : This Unit is equipped 1.ith a 'ild A 7,

three Wild AS'5 d 
 4 Wild B8s and 2 Kelah'plotters. The A 7 and one
 
of the A8s are coupled with the E K 5 
 Electronic Read-out Mechanism
 
for recording of Model Co-ordinates. Auxiliary equipment such as
 
Pantaphot Optical Fnlarger, 
 .ild PUG,Scanning and Hirror Stereoscopes
 
etc. are also available.
 

(b) 	 Pbotofrnnhie Unit : The Super 18 - Twin Engine Beachcraft fitted
with Wild TF*2B Navigation sight and B 3 Driftmeter is used for flying 
on Aerial Photogrephy. Two Wild RC 8 cameras rith wide and narrow
angle leas cones are used. The Unit is fully equipped with instrunents
 
and mterials for photorraphic processing and printing. 
 A Zeiss S0V
 
Rectifier and 6 Wild E 4 Rectifier 
are 	also in use. 

(c) 	 Commtotion Urit :- The numerous cmputntions involved in Photograetry
and 	Geodezy are done in this Section. Electronic Frieden Calculators and 
other desk calculators are used. In addition, there is access to an ICL19M/35 Computor. The following Conmuter Programes (Fortrnn IV) specially
prepared for a small computer are available 

(a) 	 Strip Triangulation using 3rd 	order rolynowedls, 

(b) 	 Independent Modpl Triangulation, 

(c) 	Mock Adjustment, 

(d) 	Nlzert Transformation, 
(e) 	 Camera Calibration baing field data from our Canera 

Test Field, 

(f) 	 Least Squares ad.justment of Triangdntion and Level Nets, 
(a) 	 Least Squares adjustment of Traverse ets, 

(h) 	 Reduction and Adjustment of Tellurmeter and other 
Precise Traverses, 

(1) 	 CbzputatLons of Zero- order Traverse., 
-(J) Conversion of Spherical to .Transrqrse- Mercator wa 

Lambert Conical Co-ordinates and inversc problem, 

(k) 	Matrix operations. 
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(d) a U zraine persemi arm available In the Unit 
for Photoraphio Plight Flamzing, choeld.g of .elptive and Annotation 
of the im6 The Ur it also has trmin personaol for mommicim and 
preparation of Photographs. 

(e) Resources Survey Contre, Capable of performing all pbsical 
resourcos studies. The staff includes specialists in the various 
Branches of Photo-interpretation. 

2. Peornnel : The Air Survey rhnch and Resources Survcy Centre consists 
of about 100 officers. Most of the Technicians and all the Technical 

Officers have been trained in Universities nnd Training Institutions 
abroad. Annoxure 'A'.gives a list of trained personnel. The services 
of a large number of the technical porsonnol"of the Survey Departacnt 
(over .000)are also available. 

3. Present JObe -Theo basic ground control required for Strip or Block 
Triangulation is obtained from the field. The additional control remLired 
is extracted through Aerial Triangulation using the Wild A 7 Autograph and 
Coimtr Ptaramonss. Plotting is done on the following scales
 

(a) 12 Chain to an Inch with 10 ft. contours, 

()- 1/10,000. with. 5 Meter Contours, 

(o) 1/5,000 with 2 feter Contours, 

(a) 1/2,oo0 and 1/1,000 for Happing of Towns, 

(e) 8 Chains to an Inch Ath 10 ft. Contours, 

(f) Rectifications using the ,oiss s, V and Wi E 4 Rcctifiers, 

(g) Land capability, Land Use Mapring and other Resources Studies. 

4. Capabiities: The Air Survey Urit is wll ctdpped to carry out the 

following tasks "

(a) mock and Strip Triangulation, 

(b) Small Scale, Medium scale and Laree scale Mpptin with 
appropriate contour intervals, 

(a) Cadastrnl Mappimn, 
(d)Camra Calibration, 

(e) Rectification, 

(f)Soil Surveys and Land Classification, 

(S)Land Use Surveys, 

(h)Soil Erosion and Conservation Studios, 
(i) Forest Surveys and Vegtation N4apping, 

(j) Forest Type am& Inventory Surveys, 

(k)A eial Pbotogrnpb, pressil. and printin., 



,an-dfani
MM~X OF TRA106 LMNN	 n.s 

1.5..C.Namnayklnr 
Deuty Survgyor Gangul 

2. 	 S.T.Hirat 
.jAui6tant Surveyor Gene.rl 

. K.M.3ulntungn, 
Supdt. Air Survcys 


4. H.B.Sanders 

Chief Photoarornmetrist 


Navition & Thoto Lab. 

6. 	 S.Sridas 
Resources Survey Centre 


7-	 E.K.11annyakkarn, 
Resources Survey Centre 


8. 	S.D.Unanntnnn, 
Resources Survey Centre 


9. 	 L,5neviratne 

Computatonu Branch 


10. 1.J. de Alv'i 

PaotorometTist 

U1. P.Theagjrnjah 

S.'ral= Technician 


12. N.A.Gunnvnrd m 
Technician
 

13. A. ,rachcby
Tec~dcinn 


14, S.Sinandurni 


15. S.A.C.Perora 

Tedmict"a 


B.So.N(Ram.) 
Cambridge Univergity Tripes rI
 
in Geodesy
 
X-.So. (,codetic Science)
 
Ohio tate Univmrsity.U.S.A.
 

B.Bo.nEos,.) 
Diplom in -urvoying (Lend.) 
H.Sc. (Geodetic Science)
 
Ohio State University, U.S.A.
 

B.A.(ons.) 
Diploma in Photonetric
 

B.Sc. (T1ons.)
 
Chmbridge Tri ia II in Geodesy
 
Post-ysrndunte work in Photograe et
 
N.S.!f. 

Cambridge Tripos II in Geodesy
 
B.Sc. Survey on (I...)
 

B.Sc.
 
Diploi "InPhoto,-."brestry (I.T.C.) 

B.Sc. (Bons.)
 
Diplom in Soil Conservation (I.T.C.)
 

..Sc. (ron-.)

D:iploi in Zoil Scienco (I.T.C.)
 

Depnrtnontal Senior Exnm.
 
Computer Pronicdng
 

Photo-netric EagLne.rin (I.T.C.)
15 Tears - Experience 

Photouraetrico Tcchnician 
Diploon - I.T.C., v-therlnnds
 
135 Yeazrs - Env.-I<' 

-	 do-

Trained in Australin -. 13 Yena 
"zperieue
 

-	 do -

Trainwd in A.ustrnlia 
9 Team - Mlgntenoe 

CmIn. P.2j 



16. 	 P 4.Svapueandaran tidniw,tly at
 
ftehoidian (I.T.".) roteerlands
 

9 teum - Srperienuo
 

17& v.KaXndasn Trninal in Australia 
Techncian 9 Tears - Experience 

18. V.G.Poobalan 	 Trinied in V.S.A. - dertificate of 
Chief Air Photraphel and Merit - General Photon. try and
 
Lab. Technician Photo Laboratory Technique - Coast
 

and Geodetic Ittrveys - U.S.-. 
1S Tears - rxperience 

19. P.Neenkenda 	 Trained locally by roreign Experts
 
Air Photogrnpher and 	 17 Years - Ixperience 
Laboratory Technician
 

20. 	 .D.H.Abeyratna Diploma in Fhotographic, 

Systems Engineering,(I.T.C.) 
Wotherlands 
18 Years - Experience 

21. G.Speck 	 Trained locally by rorein rxperts
 
16 Years - Erpeiezco 

22. N.Ratnavel 	 Trained locally 
3 Years - Ex-rrience 

23. C.Gangoda 
Apprentice Air hotogrnphew
 
and Laboratory Tvchnicioi
 

Plus mary more technicians and experienced surveyors 
(from a total departental technical staff of over 1COO, 

Consultants 

1. D(rZ...u' ernt 	 B.Sc. CCeolopy); 

Deputy Ductor, Aric ltural Devree in Ptmo olofy (I.T.C.),
 
Development, Ministry Diploon in .%z1 y (I.T.C.),
 
of Agriculture & Lands
 

Ph. D. University of Paris; Speciality:- Ground 
Vater,
 

Diploci in Project Identification & Evaluation, 
U.N.4sion School, Bn~wok, 

Ntber of the Rastor of UJI;xnerts in 
Pho.togeology -F. ydrageoloI. 

2. Mr.A.D.N.Fernando B.Sc4., 
Senior DepUty Director Dere of Photograetric F ieering 
(,P2ann) Ministry (I.T.C), 
of Irri aion, Power & Degree of H. Sc. in Photoazcmetric
 
Eighways Engineerinc (I. .c.),
 

Diploon in Public PAdWinitrntion, 

7.HCotwses in !later Resoures .nagement, 
1drolo#7 t Ceeorphology. 



APPENDIX D 

REPORT TO COMMITTEE OF INQUIRY ON 
AIR SURVEY BRANCH
 



Mhe Air &mW~ Branc %saInsumrteds~ 1956 with oeppiet bmae 
ae from the i ogazp1 l OwmW Crpormtioa at CanAma n molCa Air une tha 
CM106 AGO&. A fu~ly oquipindlbTot Lahorato7 we mado am~ajla~ for do.2im 

d Un6t oAMt botos awl (, aremto zatn m Onerectifed t 

Web*Plotter m* InstLel fo. botogsmetrin plOtting. An Amat. 1pdt. awl
 
two &Uveywo functioning as Photou ,-mtriToohniaian. v'mem the Branha at
 

*181 	 time 
26. 	 Air Ihoto-wrac aM Fl'ht Labomprvt 

Aix ;botopV in Ceylon m- od in 1952. r ThUin by the pboto-

UrIb. Sar Coxzwmatbu of Canada. in 1956 they did a o."ilpto photo-eoer
 
of the lam on the oc' of 408000. kr rteoalo zhtosgra:a m also done
 
in certain areas, a go~& inheaAalm, Pormt a.m 1U.rind± Oya basin la 2,C00 CiV~ 
of Colokbo s10000, Trinomalee Area 1s,6,000, 

tS 	 This 2,, otoo tme adequate o the iediate need- of the oount
aM therefore the e=2hie of" ,trkby the Ouvy Dept. at the ir.oepticn, 'As 
on pbato laboratory rorlq production of contact prints# enl cemnto and
 
rectified eclaremmtsp
 

As.. The, Govt. j howavoz', =a aware of the need for tho daveo-,pet of our 
amn Ai~r ihotographic Uni.. As no Aircraft vA aya±14b1e a start ranae o 
undertcJk Air ,hot ram*' in call-oratm with the 2.A.F* w±L- their Jiraraft 
(Dave) and Caerv. One Acat, auudt. of :)uvoya ftafoned an Navi atc 
assAisted by tin othera - a r=vyow. and a Drnughsman. 

5. Our Air-orft (Docahcraft under Canadian Ad) ir ived in 1958, ant a 
Pilot and Co-pilot were rreited to fly thia. This Aircraft creahed during 
tamLliaudsation tligts by the. M.lot. The next Aircraft orlorred as replacement 
crashed an the way. The third Aizrrft (Beacharaft 4-AAI) arrived In 
Sept. 19593 ami in stiL1 In uma. 

Go In view of the first acoldent, the moposal of hvine or -eprtrmntal 
Pilot US abandoned azd the Airo'mft was handed over to AUr Gaylon fr flying 

aMl mintanaoe unler an Areinto 

7# Ia 1958 too WlM mears w=r obtained on Canad4a Aid aM a 

ae 'stephioto labomt7 US created and the staLf mS inozeamd by 6. 
Aoto-apby was = om of their dutlem, an thm no damilonted Air &hoto

zSmaPr aM Lmb. Techonc'na. In 1960p four Ub. AaaLtat-t t*oo=e r asudted. 

a. Air st am uacd In ve:7 developnt p=oat. Thay are used 

() dimotry as a base Mapp 
(it) 	 to pze&me base mp vith contourl by ptob mntzi 

pAottia, 
(iii) for Remxroes SAuey - laMd Ue, 562, Par st7 Geloyvetc. 

It me the labon1tim at te partment to met all the raqsta for 
lbotogrIRpb £"km othbo Doavarb ts and alao ta= ",mtoe,ha on 2afw 
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sims *mvw the neoeoti ano -9. a fw Tbm Bauzrvu Gal OyS Projeot
 
fow detail h* 1atzstat oa The Islai yme done SA 295 a 2840&00
 
we MMOlmnt for wMet Of the P stIn uwd
ures a t= 

30. In terM ot te -40ntGOoO aonGtiat vtA Air Cq n a m of 
flying hw* jar yew bag to be dom, and a mLnium o 4 n1~tapw wpoek.
 
HMM Lu able i us only abit 100 houf
In Practice Air Cv~on has bee give 
a 7azsO he firwm for the lnt 6 syarm am as tfonors

1968 - 22bours 
1969 -165 w 
1970 10136* 
1.971 -263a 
1972 -174 0 
1973 - 49 
up I =%. 

21. The naJor Jobs that rem dom 

1962 Forest 4.erve - Gun~ Palatha rorale /23,0= A 
Kanly 1W.-Ms lya District. 

1963 S3OU &urvq Liiipzing - Im V' Sicate Gal Oyu 25,= 200 
1966 -67 LU.. 3/'cO 312 
1960 F-0Al OY& Basin 240,000 
196 Mtllativu -Z Spocication Sys. 110-an.Wm 3/5),000 

1969 Deiuhum sobae 340OCGO 30 
19 CGI oya Do~maotra-tion Pmoj't 2452000 570 
1770-71 X"ahall. ia 1 , 2A0OC7O41 Area 

er uoificatin vq, 
10 ranmuA epecoctiona 1/,ooo 60 

MahaveUGonG- R & L Hancs 30,000 72 
1970-73 . tosmrdw of the Toela I/ZC 91M 

SlahanSlah Fbrast 2/200000 4.3 

1970 Vaka c T 2A/5,00 75 

12 lav lgation for Air f-otogaphf is a task naodIDS a h4ig dosm of a"l1 
and. traing In the abconce of a trained naviator vs utiLU. the sccesO 
of a avigator from Air Coylon. In 1971, an Ast. amit. or 4';ueye me 
trained at the L.T.C. He fOLOwd the B.6S DuvcArial awtomjan aSo 
Vwk in Air WMr14T -~x(2. 2/2 years Courcne) ad from 1972 he hMe beem
In dars of this work. 

13. An the Is.aaz carr done in 1956 la oat of date9 the ep&rtwnt had 
Pltmlto -Photogra.h the entive Zand. owever.. owing to the ma

avoilab11tj of wefiea" nt fli&tg tis proat me O,totd only in 1970. 
The meal., of the waoae Xyla cvinvu 10 ai g.00 and at .7rccft about 
9,000 aqo =Use. bave been covered leaving a balacce aC 14ZCO eq. Milew 

Mwflying hsight Of tbc ZcOdwbmft with its pmeent equiua~it In ilialtel 
UP 3.5#00 ft.,&e Aojm salseal *=/30,00 &Mw£2hbn'a me thanr mt psal&. 



14. %in equipmet available is ihated belm 

t. Ar raft Zsohcr@Xt agpez is 1
 
2& Aerial Cozmwe I=S 
 2 
4. Aviaom less I
 
e Densitaneter 
 1
 

6. Emlarwe - Durat I
7. Refregrator I 
A. Print vuher - Rdear 1 
9. fotaat printers FO 30 2 
10. Vcmim Printer - Kijash I
 
11, Cazing machne Kodak 
 1
 
12. Print dryer - rodak 1 
13. -do- Pake 440 1 
14. Print washer Kindez. 1
15. -do- Richard I 
16. Log Etronie Contact -rinter 1
 
17. Filn developing Units - FE 120 ,eis, I 

- Wild I 
-3-4 1 

18. Rectifier - SLG V 1190 - Wild 94 (Apri 73) 1 
20. Aerial Jinnd beld coamra - Linhoff(1970) I
21. Electric Tot water gazer 1 
22. Pil DzoA - Smith I 

-Wild 2
 
15* FhOt oirmm"etric€ .nia,
 

In most port. of the World, Photofronetric apping has beomn the sole 
method employed in the production of topographic maps. In Ceylon the 1" toap
graphic map covering the entire Island wa produced by field nethods. during the 
period 1908 - 1924. Theme nars have been utilized for the initial planning of 
development projects in the pre 1956 era. Finnl planning ias done by around 
Surveys usually on the scale& of 4 Cho. and 8'Ch. to one inch with contours 
at 2 or 5 ft. intervals. 

16. For the reconnaissance plannin of development projects the need for a 
maedium scale Toporaphlc Map was long felt nnd photornaetriao plotting was
 
utillsed to fill the gap by producing the 5' national cap series with 
 20' conto
ur. Under the Colombo Plan Aid P oreno certain areas were plotted abroad, e.g
lirindi Oyu Baein and large ares in Xandy and rnara liya and 'olonnaxuwa
 
Districts required for investigtione of the Vahaweli 
 and other Irrigation
 
Projate and Hydro lectric Sehemee.
 

17. J16 - IJ In 1956, the photoerswometry Unit of the Air Survey Branch 
aade a modest start ith one Kelah Plotter and two Surveyors to operate Game. 

two1958 - 194 In 1958 four other autographs were added one ATeAA8sand 
amothe Z-elh latter. The nmber of operators increased to 3 in 1958 and to
 

10 In 1964.
 

18. Bulk of the work was medium scale mappiEn, i.e.. 16 ch., 12 ch, to One 
Inch with 20 contour. and the average output was about 30,000 acree per mnth. 
Large scale wor was niin y for Town DArvysa. 

19s 1964 - or70 wereYour B8 Autographs purchased In 19,64 tocether with a
 
Jezi* Analogue Conpte., and 
one Pantaphot Enlarger. The eqiudmnt In this
 
period m- A7 I
 

A3 2
 
]lah 2
 
we 4
 
Jeri* Analogue Computer I
 
Patapbt I
 

Staff - 2 Opm tor. and
 
2 DratmuwtUl
 



noavowg puottlas outpat An ad fie 50,000 acme lw mnf*U ad.
the M.Jow schmm don. iACM SNIO fcMinp4ftw ahMO1± Z~yvO2.jt
PXOJut, I-nju Camp tojoeto JW %sis, I4rjmt 
2% noe Imote at' Aiz- U1rv in fully doantratad by -tt fa~t that 
within ALBhot Period of' six -the am extent or 61 mll Jan aaxe wa mape
cis40 ch. and 16 ohsgo- with 20 ttogntmus for the planpnia at'y.2h&"Uglsa 
DmOTSIOm~t Arojoat. Tb 90481bilitry ataa~ma or this "-rJect =-Id rat have be. 
POOSSIMl w-tiimt thove =mM IUW years of vork would have boon. involved At 
those homi t* be docie by ooational me0J.ods c" ground fj-4 
26. 1W-1 DuriOa tuIs 2=101d one E95,one AB# ong ig IV rem purhaco& 

UP to this timm a 2mrLe mmuoat or work had to be done by fisl aumC75 
to OUPA~Y control toz 1hooomctric Rlot tin& -Th4- _£z~ouM v,=J* = rOd~ci3 
to Doo extant by the alo-ption of ata-ip t a1Culal~on in 1970 e4'ter the 
pzvuze. of Electronjic or..ior (zk 5) caiap*ater ngrning£ =a intrlode
 
to the Suar' flecwtRont. This uafrlementod strip trinCulatioa und cut clean

dvm compter tim wzi :L==*cd Accua-ay. M& field a-wr, -a- - to,

SUPplY onlY VerY few Control Points 
 and MUi the othar on'=1 moints required 
vmm obtainedl vith thc haip or' tho acomut-a'. The ooz.utor a~t t~iw 
IU~gMI-jftni Cororatina ia maid f'or this. 

U4a41o Scaoris un'mrtakan durlii the ;erlod ame the 1ah.-24 L)±vorslnn

Cohems Crop D±iversiication !kchm 
 (9000 eq.e anon), Lout.1 CGo7lon D)evelop.
 
m~nt ProJact, aUt~of t.ir Uao acales of 1110#000oan 16 c. idth 2DI contmm-z.
 
,aim* scals Vxzk Is mainly towa sevqa
 

Prsenzt rate of prduction is 909000 anzau ;or =znth. 

JorJ ?PvJcots unlartaken uezw:

(I. MauiTO± - 40 cha. , 16 ch. iti 2D cauore 61 indlI goo ars 
(Ui) X02la1zd.cas h. -dor-4 -1 26 475,000 anms 

(1.1) lVd. ra= ado- -do- 220000a 
(IV) e&~±o1taI DIV. I1rjeat -dop- in prosa covess 

5 2/2 =111.1on acres 
adic in progrs"a

During the perlad April 19)0 sal April 1g69g I., 9 y..aro total axe"
OnI 16 oh. and 40 *he itU W' contousws 8 mL~ion %creap ip~2/2 the 
extent of Cqylone 



This Unit vas fored In Jama7 1969 .a the Lowelling Sottox deal n 
with the Ialan'a contzal lval nmtw k v "hitadfrom Dlyatalam to
 
Colouba (SGwo) 
 The Unit conasiting at 4 Dranuhtomn atin d, =Le.i the 
dirct s -rvinioa the Zuperintandont of Air :u ,ys. ith the ITxz'zc
 
of tho Tellumwter ,wrecise diotaze measurement and the FA!e'oLa±
 
Dek Cu4tw or in late 1468, it ma cavatnied desirale to form a UnIA
 
uniake W.eice Mwzsuz=ent and ctzntationra Min Unit van formed in 
March 1969 vith a atztt cc 4.awvcws9 au...vinas by the Cbrjat otoTr*
ttiat. 

In Oober 1969 the Trig, Sec n dalang with the EaLA' t-A-oo
metrical ontrol and pros tza vwoe s also ahifted froa Uytal-a to the 
%CsO in Colagbo. Mhe ,ri of the Iovellin ectian* T'ig. .eot4on aul tixo 
Cooata~toa bcti=n then combinodl In Novembr 19690 unler the sa.ervision a an 
.Aant, 8uqdt, of Surveys with a stat? at 4 &ur, aM 5 Dranhtman 6oro 
equi.mna has now been added wah as 

(a) 2Ma 	 Wild T3 Thaodolites (for precise angular meoauraiunts) 

(b~) Fridn xaleotroin Doak Cowatr in 1971. 

The Geodietez avallable r4th the Inatituate of Luvi.ying an --.pplng 
at D*Ktalm va &lso made av-ilnblo henever requ-d. 

Th* Unit is now tully re-aoonalble for the eatablIb nt, checlijg aM
 
nainta-ing of all precise 
c=trolz dons by the e.,arftnt in Surveying aM
 
Ievel!ng Gudually it has ben possible to 
centraliae the pi=cice -u-
tations 	done in the Dept ao* at uhich van formerly e=uiate to lbo
•WWvoyorga I.Porvezanta ad refinetints in spu..l and accuracy r.a
 
pocaible with the ircaeal use of t0e Qlectronia Comput.r at the ;tat
 
Engineerin 
 CrPozMtion using Prolum s for carptationav All eoputw
 
rogra rs are prepared by the ,v Dpt. sta?.o
 

A~psrt frc= the routine ce Deoartrnta1 rac.ufreantg the Unit hac bam
 
able to unlartaks the followine control vorks

(a) 	Maldive IslaM Manid irojoet - Hxtabjishmnt of Level C'-rtol 
and estabiahrx-tat (rowxd coanio iivintao lia vzr doneo oncontract with tho '-X &W Lhe iepartz.nt earned rj 6,."O in 
Faieign, ; haaco. 

(b)Ceylon El,-otricity3oam - Establlshmnta control r u2.,;d fcr 
Getting out a awLLrZol at Laskellyu, 

(a) Mahaweli DoveloPEnat oILr -Establishmnt of contzol recAhxf.r fc,,
aet Jng out tLW t==0Ls at iovj~atan aM -olro.Ll". 
c~nzml Prxmi-O Tun Of a vcz7 hid' accourica, i rA.,)proved by We f.xt that the 5 =l- long tl,lla u'z---4 -4t 
to witin 3 irwhoe. 

PrearaionS-ain 

At the boinning it dd not form a so ate Unit, but ezUted as part 
Of the bctar.s iw Unit- Me MiM f tjions ?me to aback the Air avey 
Boards that were returd artar flod rawision. Field is-viaon compL od 
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S
Slumstg aua details and checking of details "d c ntmo that a 
wlgiMn.1y plottd In the Ihotoumnetria ULht 

Pmotessoez ranur zoftrom the Intoa.tunal, Timicag Contzwe, F 2.t 
1oUan4 ViAttd Cylon Ooninwitatmn In 1562 to aoak ad rort on the jwking 

Of the Ai ZurvW 2.zh. In his report he stressed ths nmrrunt lSpwrtzo 
of having a separate Unit to atteid to a l prepazatioa laeo As a result the 
Az.ZrstlonCoo ti startod fn n tioning as a separate Unit moen1964, Staff 
oon-ist-A of an Azat. L.uptt, of burvoas, one :iotowactr.o Toohncion. 
3 Surffysg, ani 2 Drawhtwn Flight -nanningg Annotation, of Air ala tosrurhae, 
preParation of Ia"o Meota, chmcking of Air surweys BLtar veor all attendai 

to in thi Unit. 

Tn 194 the ImIation Doartment rntcd 40 chdino to an Inch Uaps with 
20 ft. contours for an area covering 3/2 of the IslarzUn 5-co aps wero to be 
umwl for the Mrtnning of the lishawli, -rojaat. A cocbjnnton of Air Survey 

d Gzound Survey In3t!,Is was used. The newly ozated i--r tion Seotion 
func tioned an the co-Ortdinttng body andL . core W)irvroors aSaIMned to 
the s.oatja 

Speci cation iveys using photor.rahi onlarL ts imo started in 
1966, Bouowaries of irnzlvidual p.:ddy hol3±ngs wore Id3ltifiod in the field 
wIth the hCip Of these Trnsforring of t2se bouam eri to blyestor Sheet& 
aid tdls reat of the plan vorktas compleid in the z'vqt.t.oonnsodoz 
L.stad boloy are th Sp cdfication Swveys ao-mletd f !'6Ir- 1969s

20 DW1U Oya , oific ton su-veys C h 270 ,q,milos 

2. Ut xRla -do- ohb. 100 ame 
3e Giants Tank 

. D MtA 
-do-
-do-

4. 5~sch 
.oh. 

= CI MQ 
1000 a.,ee 

6. ,'14pewa, -do- 4.oh 500 ' 

awese urvea V m inly for the Collaotim of 'atw Tax. 

Pilot EPrOscat (Gol Oya m'o~nstration J.1rject) for th* application of 
htoVResm tri=o foroth,,Cadast*lto ,,rveya vae stmart In IM Hiare 

the selooted area mm phot=upbd oan /15,000 scale. b,&=.i*r oontrol 
vae fixed by coxmsitional tbod. aid control required -or rv~.tifi~ation woe 
otraoted by artrjangtutionn lbotorakiA we reofil d enlar ed to 
4. Qain scale Itith now c=t=l points. BoueLaries of ilndvhiml lots wuz 
Identiflad ad inau-prctod on thm rectified enlarg=cnts to SwuViu in the 
fields vm aLso mcmrdd the lnaivldusl tenont ary informadon. 
Tranafarrift ae these details a to Carbelon S tQ!ets - tnm 
lists aid the rest at the plan wrk mwe &"tend to in t14 ,%c.umwB 

m5MOUtGO. Preset OW aon this work i.. one O.CP uft15 .Aau u



1 
Flijit PIAnnAz foi' the Island covr an 2125gO and 3/Z)D0OW mal 

GOospleod In 27M At .1ecozg tbars ane 2 Sa=z a;tad.itg to
 
M*'jt PlsaMiQX arntation ard ladcxiag vo. In adiUtlom %hmyalso
 

attend to the rwimian of I* Chacts using aerial ;gwt-jm.,y. In ve 
the ora*t~vPh Of thd Ila~rd, Air S~o rbviuion h-.z Lbo=m veg 
extaiGLY0 and thowoOfore the .ott fbr this York 1.3 being increased. 

TIP tO 19n1 the LUoaiocing Jobs w* undertahmi by the floomme' 
SzrvW Unit of the Dqoportaent. pxscont2.y this wirk in also =afo y the 
PzAraXtion Sootiano Thac axe too Jxomiczr at;;czi to ULiU voro Som 
Of the 1s&I03 W-Pazd In .1972 and 73 are an foLlowg 

Nuose Colocbo Katnmayake good 
Controlled rosaia 
- Smar Ara Ucla rala-.e 1:10,000 115 
X*oAlaU Of A~auai It &m Area 1/10,000 70 
rsaa LMahaoli G &D Axea (in progras) 2/25,OcO LOOO 
Mosajo Badullo Tom (in. pzogre am) 4. Cb.m4ns 
)IMoi alnhaxj Flot 2452=0 43 
Moasic Istuum'raIM Airpor~t &Environs lIa,0OO 
lgosic Mapit~yu, Bay 11 ,000 



APPENDIX E 

REPORT TO THE COMMITTEE OF INQUIRY
A BRIEF HISTORY OF THE SURVEY DEPARTMENT 



A MIll III3Tt O? TIM~JZ DIWALL? MEN 

Tho Sam~y Dopmrtmm~t ims forod In I=#O oven botozo the 
country bad bocouo a Crown colomys by 3pocia. Froclazation which 

rodIn parlt n3 COol.3 I . 

"Whoroa3 tho rora0t uo'o of =rT0v7 and 00onauzmnt Of Thud 
uithiz thoao attl=C~ot3 11a3 boon found iparf%.ct jond inotfactul,1 
Wa Irive doomed it UOC033fl17 to oatabiah n now 373tca for tlrnt, -kirjoao 

We tiiureforo horeby puiblish and =nko known such parta ct3 amo 
nocov=a7 for ganavil2 inform-ttionp via i 

0 Thvit a S--hilloa~3.~1 bo, Opointod, %towill rosldo 
primcipm11y at Colombo nad C~r=3pond with tk and rocoivo ordoro 
diruotly fra Govriont.. *** **4 U 

P~rn~ha ncptonhe Dopmttot in 1.100 till about 1865, it 
wn vcrj =11W org~ni3ntLoO co&3ijting of nib-it 20 - 30 oficors in 

both field and offico. Tho 3-m3va ro mo3tly for tho =nlo of a=d3, 
as aho*.n in ono of the op~nlrn{ pmrigraph3 Or the Adknin3tratibfl Rorb 
of tho 5urvoyor Gonoral for 136ge 

TRflurng tho yonr 1869P 4,490 Iota cont inLne =9031 acroo, 2 moods 
9.59 pox-chos %oro dispoaod of for CZ3920 6,-. 941 or at tho rate of 
£EL In* 54 per acro, oancuiVO Of M=107y f03 vidch aotound to 

Tho Trian.,ltiom of Ceylon vhLC±I %nonocosamry to tio up all
 
tho scattorod ouroy3 and to provide a fr.o~rk for tilturu inink,
 
una ca~ncd in 1857 and cocplotod in 1906
 

Zrom M866 to 1900 tho tot.-l ataff inemoaood from 95 to 275 
and tho total ampandituro in 1900 a R3. 674,000. hA-rt :r= tho 
umi aiwvoya for the antlo of -LiUdq inOft.5tL9 ottotiOXn W3 given to 
Tringulation for Contralp Topzgrn-,bico2 So: -vejs for the r =Unt 
of the %Fal Iomwo 1 DUO to I inch 3:")t3 and 031ocit SurvoyQ 
fez' oarating Grown La.nd fron jrivnito Land In vlUvao3# tar 3ottlomant 
yr.Wp3ose Th13 is domoutrntod in tho fluros jivon in S.G1s 
AhdknnajtoUo atpart, for 1901 S

111ock Surwuys - 200, 729 Q 3e
 
ToOPaphico1 SUrwY3 1#=01360 W
 

AppLication 41,047
 
M30 a 612 U
 

It miy be mwtod that no monton ij =ndo, of Enginoarng S.wwyg 
for Irripntion jazry~oa and Acqa. Uurmoya 

A.lanncr ovot in the hiotOry Of the Doprtact furing colonitL 
t1=02 was tha vialt# on an pration tour, at Zriendior 6lntarbothc 
in 1930. Tho Ceylon Daily iJova of Mt Aia~utg193l canniod tho following 
nmu itoma I 



MTbo Boul't H. D.3.Sonmnvnko, ntnbtor o Agricltul &Load 
UM ovo an itCo or Rs, 410.57 uhtch he axpl.r-i as foC us i rn tho o3timton -for 1929-300 a NUM of RU, 49729 03 r.%-vidod 33
Coylon a oharo of th co*t of a com.wohonsivo tour of Insloction of
0olonal Survey DTnrtmonts porfor-od by Sri-adior 11, St, J, 
L. WintorbothonC.:.oG. .390.,p R.E. at tho invitition of tho Sacrotiry of Stito for tho
Co1OniQo3 A proiwotioU of tho cost or tho tour V13 bo= by tho "iW
O(to, BriLdlor' Wint~rbcUrLm, ubo a
is mombor of tho Colonial SurvoyComaittoo and Air .u3 oy Coci.too and has 3sico boon njpointodDiroctor-ionora1 or CrfLnaco Gurvoyp qrrived in Ocylon on 7th Fobruw y,1930and apont 26 days in inroctine the vnriou bnrxho3 and cffice of thoCoylon Survoy DopLtnont. In nddition to mch viu-tvbo I .u:cton and
nivloo j-ivon In tho cour~o or in3pactionp 01rigadtor Wnt.rbotha

furnishad a roport iicat.-L the li-ne of policy Wnd0thoD6 which thoDo.rrtn-nt gLiht foUo with advnntnao in the futumo, lis tochnLel

advico, baod on vido amporionco in rnny Countries =3 of gront vrluo
 
to the Dormrtment"a
 

Dr.enodor Wnt,2rbotr= Va3 in=oaod b. tho vork of tho CoylonSurvoy Doi;nrtmant* In the oponini P;nragrli3 of ht3 report, ho =Id 

WIt i3 proper to iogin by 3ayizC that the Surveo i a velowg.nJsod afficitn. anchina and th.t It pooooos in it: presnt

Director a contral±n,- ^,re* uhich 13 felt in eawry Dznnch 
or theDopwbmontwe 

Furthor on, he wrota 

" Thu proont lcadorship of this oyM is P=Cro33V1D Andtoc niaolly coapotontp but the xtand.rd is " to dcny in the 'rindaof n officor who noithor M.d3 current aurvoying litcrature nrkoom. In touch ith the wozi of othor durmy Docrtnant. reCrdsA3amroy liternturop I hoar that the isono of technicil rarlioi=tO3 baaboon :in iastion. It is ossantial In a tochnical Dop rtount to hoop intouch uith mdarn rrogross. To ttko on 3invl-o in-l.'ta no mpprinting offico cnn koop upto dnta without folwoivin7 tho trdo printingAnd procoxy journals. Similarly uch mittors the jour-d o" the ILo7alaz 
Goo m. hiAc 3ooiat7, tho new 3arvy Journal .hLch is, zhortly to be pro .c-dby tho Colonial Surve Coy nittao,, the Suth African Smrmy Journma, the 
. litraturm ot' the Unitod St-ito Co Goodotict an -urvoy, thePbliclt ion3 Of tho Ordnnc. Survey nn tho AUrvy of India shmuld be ynosod

round mL roally rond'. 

At tho t1o or Brig. Wntorbotha="' viait in 1930 the Ficld StaffCont?3tod 12 Vup't3. of Sarvys, 36 Ao.t SUpitz or Surveys and 3 5 Su'wyor.The o;i1co -tnfr ,aalated or 4.3 Clfrki "d D z-ht-wn. ThoT "tokdozw
that ye-ir emnsiotod of Lvnd Sata.locnt .;-rvoy3 3Z4,0'-O ncro3, 1,104 WastoLAnd Ordinpnco 5katcho3, '22 Ar-plicitlon for rur.to of CMMw J.=13d,1 inch nop 'n: of l 653 unrO OL1039 'Lam Zurvys Of 5 To =n u Aimnmueol ",r the Pineipml b-tza~ ami rg-catdnMulnti=o network n. .Uttl=n of theby aria 'intorbot. Th,roeona o Il&aaz,
lAVOI Act had boon oborved btwon 1925 1930.- Tho Uud Office -tnrf 



3. 
408 Crem'ud ecartfnlyps to gubjacta, nu showa in tho annmd chart. (Thimof oramudain c~ntrnad tILl thu docantwal.LtLon and rooriotOf 1966) 

ThO Artlk-,th of Lbo Dopnrtuant %n3odUc-Od ftwlzir tho War yanr: an
donna tho r-,4013 nd- orirly 50tsp tiiaro 6-ora nbout 
 M50 - VS5 Surv-cor3 nodabouat 300 Clark-3 ad Drrnuht?.aou 7ho orgn.LaatiUon t~ai tho typo OC %Ork romain'=uCh 43 boforoe 

With ra4pnino a njor t.%3k nz rgvon to tbo Depnrtrnont. This varntho Closo Contour C=vqy3 ror Irri~,tion ,urpoio3 nnl murvoys for -Iteniting
Ird =m1or tho Land Daveloimont Or:?inince oft to Ciloniztv. In tho mid
firtios, Govtranrt rolt th:'t tho Z'trvcy Do-'orta~nt .AM3 fci L 'It,Ctod
for thoao 'ovolojnrt projact3 --ini tho wibar or murvo.ors.-. 13 r,'.-Vy incro-t'az:tifl In 1965 it raench.'7d Tho rnx-icr7M0. or Survoy7 Jibourejr3 incr.o~a inpropo-tio11 to 'ho guz-v~oyor3. ZFu-ror itOr 195G thoy -vero plice.i aun monthlypay nad nbvorbod Lato thu p-,rn'na-nt cniro nfter 10 y-a-i" 3orvico. £ah thonumbor of Drau-ht=-.ta -M~ not tnoroozo corrasppmnewy bec.-uao in 19r7,I ow6rdsv or tho Suruoyol. Gonornl, Me. V.flnzurntnni. i 
9.#tho Dopaty Sacratary to tho Tro-srt 7olntcl a Com=ittoa toroport an tho n'ittor and IhamVp chnnao, acepta areasxfollow.,a 

(a) thant the Surirny Clcrk3 nzO Dnuht==n2 Scrvlico 3hould bo br=!-ht In1Ino Adth tho Draughtazou's Sarvice on thu o = &LL' cnd 3or7ic0 

(b) that pzroly clarical urork rOIni to tha Sstth1iahu1'-tz, Aecouts andStoro3 jr-tachos satad2 bo duno by G.C.S. oVicorz= =1 a ;mp'uatO StoroIcoopor Sarvtco for tho wioric of .Ltoroknoping. Thu chancox aro to bo

offactad in tAzigo:*
 

(a) that thu data of lnplantation of * schamo bo 1.10.56. 

0 bzwinT the Laittor "rrtof the yo.,r and as n first atop In tho

roor-,nnlsation of 'tho Clarka 
nrd Dnnuvbtaan' a S.-rvico to a Drz:ht=suansSor Ica,, thu Tmzanrr U-1 rea1toce to tr-n'for to this Dopnrtuot 14.G.0.3. Ofricazm, 9 Ty7ilts ral 6 StoreowcMors by auptnvorion or 29Drmaht32un's J'03t buit onLy 7 Tyrp~it3 %mo auigiAd to this Daprmontoo(A+.m. flaport of SeG. for 1957). 

Thus, tho Zurvoy Dopnrtmont, whuich bad boom a 'Closed' Do".rlutp wasopanoS to G.G.S. officara in 1957. Thuir -.tron~th has3 Mvosiva7 inCreu-odfrom 33 in 1958 to 161 In I=7. on tbu other hand, t"' nabr or Dr.iv' ht==after mwchinf: a peak or 611, in 19a1, hi-. ulndlo'I to we0now. Pur-o aTablo anoxd, ahowifl: ,cttL~l mbar of Survoyors, DrauChtiun cnt Clarksa foreach of thu yoars 194~7 to 1-7W/71. 

IZS*nLftilop thu toran-aod nmber af. Suzvejor~ uro our., Con tho anjorirrion nn-1 colonisation vchOWO3. ?r=n thu 194()': to 'tho Into 0)I3,In :4tnnurlym, C-nt-Uai, Gal Oym, Ali, rrdu, Giritnla, InnrScnulva, Antawy, ;-abvrnp Walaria, 7'aJanrim, i=m!U11o, JHandcni~ila,So,..lonjoin, Ch-?mdrihavuz, Hiinir, iticurattoan, .-Ia~kollyn Jya,)IahiwU Divarnion ani in mmvrnl othar rchunus zotour MUMYS, satting outch:annels, Atakixv out ndluots patting. colonists in pos-oniong L'nicainiwlnInpovad nilotaonta woro do=*. 



A the =xhc' of Survoyors iInenmod and tho ombor of' OUM'u rocords 
pgv, Dn1KCiU the Dapnvocut on the old p;ttazu pro d difficult* This mmz'o-ulted in doccutmrAlloin survey z'ocords nnd pm'.nt. to tho Diyinin.3 in196 Thi iiaz nccoinpaLmad by an orwdn -ational chengo In ilmd Officae 

In tho rda of Mr PothRatnntunp, than 8.0. 

0 Vith tho objeet or cn~ur~nC Cood orno-.tion nm officiont 
supa-Tison, i jor chan~o %xisiftoducati it mrtnog rit-i levol In April

this ynrw Th3 :ror tn*!c woru divided tuto 2 rroups, davolopFcnt

survoy3 v'M rvemr~a nurvoy3 trnc och group .wo p1-icod in :!h--r~o of a

Doruty Survoyor 'aonervi1 who wi raaibio ror progrnn-iin, the soric in
 
tat Crou~p :-nd do.4ing on poicy rolitin,- to th.-tt.
 

*The lriviatouz VOO thCO G OtlP-l into 4. Rtm.nac8. Mrich ofatlioso cehnv boon. rblnd unlJor nu A3sit S~nrveyor G-anonl~ ifio is 3.MsrnsibIe for thoproares2 of rill c.i-lororiox or -.L-%oy3 In tbnt. UrnVo. M3s carcf Or
ro.-N.-sibility aft.- h-is boon limited to, n cornp.tat blockc but ho is in chnreZo
of the3 rj-*,rozs of nbout P00 i-rjcyor3 or nolrly throo fouxrths the
 
ro3pon-tiblity or a pro 1956 5;u.voyor Ganarnil
 

"In the pi3t the tunctionx hal boon 1..11- -ed by imvorn Asat
 
Survayor Genova, or Hend-urtars Supit. of Cux-mys, o'ch or ut~om had

bon ro~niiblo for polic7 r'.ol pro -rosa or o otoCoxy of :-un-oys only.

Whtle this aro.4.cd onnrrtiso In a- ch cnto(,ox7 or vorc the cffort3 of tho
 
cntgnnt were diztributod ovor t.,.k3 sc=,ttorod In ditraont parts of


tho islmnad the oCrorta or the Olvisiioa SUL t3. of' Sar-voy3 iuho vez

ro3ponsibla for cxacutim,3 rmpr ~c3 of .ull coa-orios a vys, un-ior

Divii7ionai had not boon mifficiient17 coe orllzntodc. (ZS.G. A-1i1,g Rort 
19WO/7), 

This OreM.L3,liO conttmms to the rM3ent day nnr' Is aboit in the
 
Proant or~tniaation, chart,
 

Anothe aspxct Of intor%-st in th recent hi'?tory at^ the- Dpcrtont isthe c~t-blL-1L-Put or 'he Air iZurvy Z3rmch "nd. 1.o I,#o'oureoaj .,urvoy Ccntroin 1957/533. Al].-0 voljz=o of oopPtng, P -ticl4 tho-m or rn urrntz
 
natue, .iuch n3 the Crop Div siiftAi4'rojcc., ha3 be-a fdo by Air Survey

MothOd3 to C.S 'i3t in the rleoalarnent of~Aha CoUntry.
 

41dA td rvariety a,' imps h".0 boon produced no nvuailacb1 for the use of
DOPM'Ctmel-3 otheor nnicit Ions nal the jvb1.e. -4h-31 irsludis 

v02-1iw n'%px *3 the 8 mile to 1" notor "mp tho h.milo to 1'W12 nipa, Gonornil Soil M.1P, i3ir1L'.mmt= Loctnra. aitrict. xaps,
Liaw U30 and Forest Covar, kfi3tori-a cmps -.to. 

The doprtzont is froinantiy cmUlal upon to undertako i.orc in 
rosvonso m4 =Cant 3ocial Uzcdz. Acqu-ition Curvy3 for va-Ious prrps~us
hoU beon iMerooin3 *oer tho years. In 1907, !..bo G*vorrntcnt tor~ocitior
raerd1,ri3ealU Cluingan '1=t3 -'310 the 4loprtmont undertakes3 the 
survey of all cnczweachmn.s in the country a i o=*o-h-onts iucro
rogouLiriac4 --n thO beaLs Of th-W plans., 

The tmjor taks oir T4CnwordnC Suz-voy3 !-n~ sotticeent Sum~ys lsa 
duringr the lIrt few dowdade nre dr-yin- to n cboo.C 13iz;. the dor~vEWL%&v LMt7et 2 n-ijor tn-sks. Ono hat alroe..y 9T-wncod, thu is1 tho -%.-.oy ofLad
lUier tho Lnd 1-oform Act. V~ic other i3 a proe-rito or Wnoim1nj
Stito; Raegtznion or Title to L'u3d. :ivoz parel of' land in the cottntry
hm: to be mreyed tm draimp jotted -nd the owaorshp dotoraineit ml 
put on n Roiater of TJUb, 
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APAC MINUTES
 

REVIEW OF PROJECT PAPER FOR SRI LANKA
 

AGRICULTURAL BASE MAPPING (383-0045)
 

September 9, 1977
 

The Agricultural Base Mapping project was approved pending action and reply
 
by USAID/Colombo on the following items:
 

A. 	In that the project requires specialized non-code 941 equipment for
 
aerial photography and map production (only available from Wild-Herrbrugger
 
of Switzerland) and therefore a substantial procurement source waiver,
 
USAID/Colombo has been requested to contact representatives of the Swiss
 
Government in order to ascertain their willingness to participate in the
 
project by contributing the items listed below (total estimated value 
$383,000): 1. Renovation of 2 units of RC8 Cameras
 

2. 	One unit wild A8 Autograph w/PPO-8 Orthophotter
 
3. 	Attachments for four units aviotab TA Coordinatograph B8 units.
 
4. 	Wild St-10 strip sterescope, one unit
 
5. 	Wild Glass Scales, one unit
 
6. 	Kern PG2 with EK-22 Digitizer and Aviotab TA Coordinatograph,
 

two units (or equal)
 

B. In that a question was raised concerning USAID financing of the FOREX
 
component of aviation fuel, USAID/Colombo has been kequested to contact
 
the Survey Department and appropriate GSL agencies in order to ensure that
 
the GSL will provide fuel as required. A specific C.P. has been included,
 
in the project authorization relating to the availability of this fuel
 
during the critical first year of photography, when U.S. financed pilot

and photogrammetrist instructors will be in Sri Lanka.for project training
 
missions.
 

C. 	In addition to the above items the APAC review requested that USAID/Colombo

continue to discuss with GSL the development of a rational budgeting system
 
whici will provide for some reasonabl form of inter-agency and customer
 
charges for information and maps provided by the Survey Department.
 

No other discussion points were raised by the APAC review and the project

approval process was to continue upon re!'eipt of positive replies from
 
mission concerning the issues raised above.
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%1o 102,0-0l1721 PROJ ECT DESIGN SUMMARY 

LOGICAL FRAMEWORK 

Project Title& Number AGRICULTURE BASE MAPPING - Sri Lanka 

NARRATIVE SUMMARY OBJECTIVELY VERIFIABLE INDICATORS MEANS OF VERIFICATION 
Program or Secto Goal: The broader objective to Measures of Goal Achievement: 
which this project contrilutes: 1. Increased number of employment

Improve the living standard of the opportunities for rural people.
rura pepleIprovdSi Lnka ntriion eve ofassist
. n
rural people in Sri Lanka 2. Improved nutrition level of G.S.L. Annual Statistics
rural people. 

3. Increase income for rural people. IBRD Annual Statistics
 
Sub-Goal 
 1. Increased % of agr. production of
Increase the agricultural production of 
 food for domestic consumption.
food for consumption domestically in Sri
Lanka. 
 2. Decreased % of food products im-
ported for domestic consumption. 


3. Imnrnvpd ratio of production to 

land under cultivation.
Project Purpose: 	 Conditions 


achieved: End of project staus.
 
1. Base Maps less than 5 yrs. old. - Survey Department records of
 

To meet the mapping requirements of A. 1/50,000 maps produced and distributed to 

2. Ireased nb of reques/ts,00 	 requesting user agencies, 
.2.
Increased number of requests forDepartment.


Survey Dept. to provide relevant - Records of annual percent of

information for user agencies, updating process.


3. Larger scale maps provided to user
 
agencies within 6 mos of request. -
Record of use of UAC facilities
 

4. 10% of base maps at 1/10,000 are
 
uodated per year.
 

Outputs: 
 5. An operational User Assistance Ctr.Mgnitude of Outputs:
1. 	Completed Maps 
 1. 	Records of user requests for
1. 	 Maps to the scale of: A. Total nation various maps 

A. 	1/50,000 B. Total nation
B. 	1/10,000 C. As per request of User Agency 

C. 	1/1000 - 1/10,000 2. 14 
 user agencies utilizing UAC 2. Records 	of utilization of UAC 


2. 	Modern equipped & trained staff for UAC 3. 4 trained aerial photography

3. 	 Trained pilots and photographers teams 3. Flight recrds & aerial photo-graphy of aerial survey unit.
4. 	Trained staff for S.D. & user agencies. 4. 34 trained staff members of SD 4. Records of completion training. 


and UAC 

Inputs: 	 Implementation Target (Type and Quantity) 

1. 	Equlnnent for: 1. Equipment Order Doat USAID Records and Reports 


A. Phioto ',,lsltlon; Aircraft and A. S52,5 3 2-3/78 GSL Records and Reports
A.ccsori a. 537,400 1-2/7^
B. 	Field Support 
 C. 258,400 12/77-3/78

C. 	Compilation D. 194,400 1/78

C. 	Coton E. 150,400 1/78
 
E. 	Map Production F. 68,200 6/78 

F. 	User Assistance Center 


2. 100,000 1/78
2. 	Facility Renovation 
 3. 848,700 1/78
3. 	Expendable Equipment 4. 254,000 11/78-3/79
4. 	Technical Training 
 5. 503,000 11/77-78 


5. 	Technical Assistance 6. 346,700

6. 	Contingencies (10%) 7. 686,300
 
7. 	Inflation Factor (10%)
 

Life of Pro'e, 

Fro 	FY to Fy83
Total U. S. Funding $4,425,000 

Date P- :Ai ,,
 

IMPORTANT ASSUMPTI1.
 
Assumptions for achieving goal tlargets:
 

More and better maps will
the GSL to im~rove the
 
standard of living of the
rural people. 

The GSL will continue to ini- ate
 
policies favorable to increa!.J
agricultural production of food
 
for domestic consumption.
 

Assumptions for ocidieaing purose: 

The GSL will provide continuing
 
budget support to the Survey
 

Assumptions for achieving outputs: 

- Survey Department personnel will
 

correctly utilize aircraft and
equipment
 

- User agencies will continue to
 

make requests for maps & arial 
photographs 

- User agencies will utilize the 
"User Assistance Center" 

Assumptions for providing inputs: 

1. 	 No capacity exists in Sri Lanka 
Survey Departnent to oroviJe 
the up-to-datc mappinC rc!uir
ents of vrius grv't. vrencis
responsible for rural develo i

ment planning & implementation.
 

2. Existing maps are based on
 
1956 aerial photography at a
 
scale of 1/63,000.
 

3. 	No user assistance capability
 
now exists in Survey Department
 



SP 30 I029 AM' 77 t7 

ACTION !4W4DUH FOR T A)4hfWAW=XJT;T0JCL A5XA 

ot ASIA/PD, j 4 WUh.' cW u o. , 

Problem: To authorLsole Sr Leak Alratsultwal 3"s 
Wpplig Loan (4.5 m.allo), 

Discussions The project will provide over a six year 
pro3apital equipment. ezpendable supplies. technical 
assistance and facility renovation to the Survey Department 
of the Ministry of Agriculture and Lands. as well as long 
and short term training to personnel of selected other 
Ministries and Departments of the Government of Sri Lanka. 
These inputs will result in the production of a 1:50.000 
and a 10.000 scale base sap of Sri Lanka which will be 
continually updated and will provide for the production 
of larger scale maps on an area and/or project specific
 
basis as per the re;uests of the various user agencies
 
of the Government o SrL Lanka. The project also provides
 
for the establishment and operation of a "User Assistance 
Center" vithin the Survey Department which will serve as 
both a resource center for other Sri Lankan agencies and 
departments and as a research center for the Survey 
Department, enabling the department to keep abreast of 
the latest scientific developments in areas related to
 
aerial surveys and remote sensing. The project has been 
technically reviewed by e"perts in the feld of aerial 
photography and mapping. These ezperts have confirmed 
that the project desLn and implementatdon plans provide 
a sound basis for believing that the inputs will produce 
the projected outputs. In sm the project will pemit 
the achievement of the project purpose which is to meet 
the mapping requirements of rural development in 
Sri Lanka. 

As a result of the APAC maeting on the project, the 
following issues were raised with the GSL and USAID/Colembol 
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Issuez 
I. Th&4 the GSL and the Survey Department of the
Ministry of Agriculture and Lands agree to finance therequired aviation fuel (Forex Expenses) as part of the
annual budget of the Survey Department. 

Resolution:
 

A Condition Precedent to disbursement for materialsequipment procurement under and 
"Evidence the project provides for,that provisions have,,een made to make aviationfuel available to the proj ectthe needs of photograpnic aircraft *fhnenhurato withmissions
training period 

to be flown during therun by the pilot and photogranmnetriettrainers". A covenant inwill the project authorizationprovide that, "The aircraft provided under the
project will be adequately Insured against mish@ps to
perait its repair or replacement throughout the life of
the project, and all z:ainteziance and operational requirements, including fuel, shall be made available as required
to meet the objectives of the project".
 

Issuel
 

2. That USAID/Colombo contact the office of Swiss Tchnical
Cooperation (OTC) in Bern concerning the possibility of
Swiss government participation in the project by financing
the purchase of specialized aerial photographic and
cartogrpohic equipment, which is produced only in Switzerland.
 

Resolution:
 

USAID/Colombo has been Atstructed to include a ConditionPrecddent in the project agreement which will provide thatan answer be obtained prior to 12/31/77 on the possibility
of Swiss Government project participation through the
provision of Swiss made photographic and cartographic
equipment, and that if the Swiss Government is unable to
make a firm commitment to participate in the project in
the manner suggested above by 12/31/77, a proprietary
and source/origin waiveruould be signed by the AIDy
Administrator. 
If the Swiss Government can contributethe tipcessary Swiss made equipment, the moniesassigied in the project budget for this purpose 
currently 
could berepro~rned or deauthorized from the project. 
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There are no other outstanding issues or questions concern
 
ing the implementation or authorization of the Sri Lanka
 
Agricultural Base Mapping Loan.
 

Recbnmendationt That you authorize the proposed $4.5
 
m1irlon Sri Lanka Agricultural Base Mapping Loan.
 

Attachments:
 

PAF Parts I & I
 

APPIV:_,__________ 

DISAPPROMVE
 

DATE s 

ASIA/PD/SA SJFreundlieh:baas 9/28/77
 
ext. 58910
 

Clearances:
 
GC/ASIA: Itiorris 
ASIA/PD :JRMcCabe 
ASIA/TR:TCCLark 
SER/COM:RWiley
 
'ASIA/DP: RCohen
 
ASIA/VIS:PBou- t /t

DAA/ASIA: MWBAdl. 
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& i ' , iW It 11 A II.I4AI I'I IPROJECT AUTHORIZATION AND REQUE$-I TRANSACTION CODE 
FOR ALLOTMENT OF FUNDS 	 A ADO

PART I 	 PAFA c CHANGE 2. DOCUMENTCODECOUN IkY lNTITv 
- DELETELanka 54. DOCUMENT REVISION NUMBERS. PROJECT NUMBER (7 dg,6,) 6. 

7. PROJECT TITLE (MuIMuM dOthac,) 
A 5y MbCdL[ 	 8 CODE3&i0045]ASIA 


PROJECT 	 E04: gricultural
TA71 	 Base MappingN 

9. EST. PERIOD OF IMPLEMENTATION
 
APPROVALAPPROVD
 

DECISION A~ D DISAPPROVLODJPL" 
D CAUTHORIZED 
YRU. OR.L 

TRSo
 
10. APPROVED BUDGET AID APPROPRIATED FUNDS (50001

A. APPRO. B. PRIMARY PRIMARYPRIATION 	 TECH. CODE 
PURPOSE	 E. IST FY22(1- C GRANT 	 N. 2ND FY-.KD.LOAN 	 3RDI GRANT 	 FY._CODE0.LOAN I. GRANT J.LOAN L.GRANT M. LOAN 

(3)12)

4500 

14) 

TOTALS 4500A, APPRO. N. 4TH FY_. Q. ATH FY... LIFE OF PROJECT AUTOMZNIJO 
A. NL 

P LOAN R. RNT IENTER APPROPRIATE AN LON 
PRIATION 0.GRANT 

. LOAN T. GRANT U. LOAN CODEII 
(""-FN"(2) 	 - LIFE OF PROJCT
 

4500 A' INCRMENTAL
 
) (3 

( A4-- C
 
- -- _PROJECT 


TOTAL FUNDING
AUTHORIZED12. INITIA. PROJECT FUNDING 	 TNRuALLOTMENT REQUESTED (i000) 

S. ALLOTMENT REQUEST NO. 
A. APPROPFIATION 	 ,13 FUNDS RESERVED FOR ALLOTMENT 

C. GRANT D. LOAN DannieBakerTYPED NAME (Chief, SKRIFM/FSD) 

(2) 

SIGNATURE 
(3) 

(4) 
 DATE
 

TOTALS
 
14. SOURCE/ORIGIN OF GOODS AND SERVICES 

941 
 E LOCAL OTHER 89990009iS. FOR AMENDMENTS.NATURE OF CHANGE 
PROPOSED
 

1FOR O FI 
 Y. 
 ACTION 
AT 
 ACTION REFERENCE 
 ACTION REFERENCE

I 	 "Ii O vy 
DATEUlE ONLY 

AID 1020. 17-76) 



PROJECT AUTHORIZATION AND REQURST FOR ALLOTrmIWI~Y IDSU 

PART It 

SRI LA)IEA 
Awuutra1 awn xapping
As2.8, Lear No. 

Pursuant to Part 1, Chapter 1.SetinAct of LO0refhe1961. an amended, o riu ~itI hereby autlwrlme
of Sri Lanka (the "Coopert.ng Co of 
A Loam ft Goveraumt
 

.try")Five not to once" YourHundred Thousanid V-ited 111±gStates DollAmt ) to .help in 
($,5 9,000) (the "AuthorftaLfinancing certin foreign eraage,currency costs of goods sad 2..o.and -er-es e ured forproject consist, Of (1)-upgradiag te Physical 

he projet. The 
of the Survey Departent amd technical apacityof the Ministry of Agriculturedo serial photography mad Las, toand produce bes maps of Sri Lanka to meetplna±ng and operational requirementdevelopment of cOOpratMS Coustryprogram plus (2) the rural-- tablie1hmtUser Assistance ad eeretion of aCenter within the Survey Depart.m.tresource to serve center for other Cooperatng country agenciesqnd research doing studieswork associated wit:%serial surveys
tsciques and rmnt ameaiMg(hereinafter referred to as the "Project").
 
The entire amunt 
of the A.I.D. financing hereinProject will be authorised for theobligated when the Project Agremnt is exef.te,,
 
I hereby authorize the 
initiatton of &mgotiatiftsand emeution ofthe Project Agrement by the officer todelegated whem such authority has beenIn accordance with A.I.D. regulationsAuthority subject to the following essential term 

and DegatIfts of 
and aid Govenantamajor Wnditions; together with such other terms aM Oeoditien s A.I.D. may deem appropr.iate. 

a. Lnts:.rat Rate andTermsof Repvr.a 

The Cooperating Country shall repay the LomUnited States Dollars within to A.!.D. inforty (40)diebursemet of 
years from the date of firstthe Loan, including a grace period ofton (10) years. aet to emteedThe COOperating Cointry shallUnited pay to A.I.D. InStates Dollars interest from the date of first dtaburesemt 
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of the Loan at the rate of (a) two percent (2%) par annum during the
 
first ten (10) years, and (b) three percent (3%) per annum thererfter,
 

on the outstanding disbursed balance of the Loan and on any due and
 

unpaid interest accrued thereon.
 

b. Source and Origin of Goods and Services
 

Except for ocean shipping or as A.I.D. may otherwise agree 

in writing, goods and services financed by A.I.D. under the Project
 

shall have their source and origin in countries ncluded in A.I.D.
 

Geographic Code 941 and the Cooperating Country. Ocean shipping
 

financed under the Loan shall be procured in any eligible source
 

country except the Cooperating Coumtry.
 

e, Conditions Precedent to Initial Disburseomen 

Prior to the initial disbursement or the issuance of the 

initial commitment document for technical assistance under the Project 
Agreement, the Cooperating Country shall furnish the following in 

form and substance satisfactory to A.I.D.t 

1. A signed contract for technical assistance; and
 

2. Evidence of the availability of funds for and intention
 

to carry out facility renovation.
 

d. 	Conditions Precedent to Disbursements for Additional Procure

ment
 

1. Evidence of an agreement between the Survey Department
 

and the Sri Lanka Air Force for the maintenance and operation of the
 

aircraft to be supplied under the Project;
 

2, Evidence that provisions have been made to make aviation
 

fuel available to the project aircraft commneurate with the needs
 

of photographic missions to be flown ",iring the training period run
 

by the U.S. pilot and photogramatriat trainers.
 

o. The Cooperating Country shall covenant the following; 

1. The aircraft provided under the Project shall be reserved 

for-proJect needs and will not be used for military purposes; 

2. The aircraft provided under the Project will be adequately 

insure against mishaps to permit its repair or replacement through

out th4 life of the Project, and all maintenance and operational 

requtrments, including fuel. shall be made available as required to 

meet the objectives of the Project. 
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i. The folloving waivers to A..D. regulations are hereby
approved: 

Waivers to permit proprietary prouremet of U., soUm 
origin equipoent and aircraft as stated in the PrVJet Paper. 

Clearanucest Pat* 
 lNIUM 

Herbert 1. Morris, GCIa SA-AJ7 7
Alexander 1. Love, Asia/ P 
 D I. -
T. C. Clakp Jr,, Ai/Tt
Robert V. Wiley, SI/cOXj~

Donald D. Cohen, A a/Dp -.V
 
Priscilla X. Boughton, As ia/ASi

MichalH, A. Adler, DAA/AS F7 

',f Edward Hogan, PPC/DPRE_ _ _ 

Assiu u..... 
Bureau fto AgdA 

SEF 60J7 

GC/AsLa:omubhp9/22/77 

Chron 
Subject 
Reading
 
C Files
 




