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CHAPTER I 

INTRODUCTION 

This is the final special supplement reporting study findings for Trinidad 
and Communications/NAVAID items added to the initial contract scope of 
work. Only data applicable to Trinidad and Communications/NAVAIDS is 
contained in this supplement. This part of the study wae programmed 

over a period of two months starting November 1, 1967. 

The initial preliminary special supplement was submitted on 20 December 

1967. Pequested changes have been included in this final report. All 

appendices are contained in the final report covering the first three air­

ports, 25 April 1963. 
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CHAPTER II 

OBJECTIVES AND SCOPE 

The objective of this study is to provide an analysis of benefits and 
costs of proposed improvements. This study also provides engineering 
guidelines for the design of proposed improvements at Trinidad. 

The scope of work is an follows: 

Trinidad Airport 

Provide paved runway, taxiway and parking apron. Provide 
medium intensity runway and taxiway lighting and parking 
apron lighting. 

Communications/NAVAID 

Economic study and analysis to show feasibility or non­
feasibility of improvement to communications equipment at 
La Paz, Cochabamba, Santa Cruz and Trinidad. Installation 
of a VOR at Trinidad. Procurement and installation of 
equipment to be accomplished by the Bolivian Government. 
No engineering feasibility study is required. 
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CHAPTER III 

SUMMARY AND RECOMMENDATIONS 

The benefit/cost findings for proposed improvements at Trinidad Airport and 
for Communications/NAVAID installations are summarized below. Methods 
to determine feasibility used are in accordance with the standards of Agency 
for International Development Manual, M. 0. 1221.2, October 1, 1964. 

Alternate designs for proposed improvements were developed and subjected 
to economic evaluation. Designs with the highest net benefits and benefit/ 
cost ratios are recommended for implementation. 

Trinidad - Pave Runway, Taxiway and Apron 

Alternate I provides a jet airport suitable for Boeing 727 operations. A 2, 600 
meter (8, 600 feet) soil cement stabilized runway with runway turnarounds, 
taxiways and a rigid pavement parking apron was proposed. The high cost of 
this alternative is due to surface transportation difficulties and lack of construc 
tion materials. Construction cost less interest during construction are: 
pavement $4, 026, 268; fencing $108, 669. The benefit/cost ratio using 12% 
interest is 0.29 to 1.00 and using 15% interest is 0.26 to 1. 00. Alternate 
I is not recommended for implementation. 

Alternate II provides a paved airport suitable for turbo-prop all wet weather 
operation, Aircraft such as F27K as well as existing piston powered aircraft 
could operate at this airport. The existing 1,600 meter (5, 248 feet) runway 
has been improved and surfaced. Suitable taxiways and an aircraft terminal 
apron are provided. Construction cost less interest during construction are: 
pavement $846, 478; fencing $86, 886. The resulting benefit/cost ratio at 12% 
is 1. 22 to 1. 00 and at 15% is 1. 04 to 1. 00. This alternate is recommended 
for implementation. 

Trinidad - Lighting 

A medium intensity runway and taxiway lighting system is recommended with 
apron flood lighting. Installation of a new generator is also recommended. 
Reliable commercial power is not available. The existing airport power plant 
is inadequate to serve the proposed system. Installation cost, less interest 
during construction for Alternate I is $91, 044. This alternate is not recom­
mended. Installation cost less interest during construction of lighting 
Alternate II is $84, 722. Alternate II benefit/cost ratio at 12% interest is 
3.72 to 1.00 and 3. 14 to 1.00 at 15% interest. 



Trinidad - Fencing 

Perimeter fence has been included at all airports in the study. This is 
consistent with adequate ground safety planning. The present animal fencing 
at all locations has proven inadequate. Night operations would be unsafe 
without proper airport security provided by a fence. For costing and econo­
mic evaluation, fencing has been tabulated with pavement improvements. 

Communications/NAVAID 

The program to install selected communications equipment at all airports 
in the study and to install a VOR at Trinidad was estimated as follows: 
total capital cost $1, 314, 966. The resulting benefit cost ratio at 12% 
interest is 4.37 to 1.00 and 3.88 to 1.00 at 15% interest. 

Capital Costs 

The cost estimates, less interest during construction, of all 
recommended improvements are as follows: 

El Alto Airport-La Paz Santa Cruz Airport 
Water Supply Pavement $1, 511, 171 
(Alt #3) $ 34, 100 Fencing 75, 152 
Cargo Terminal 705, 936 Lights 95,634 
Cargo Apron 276,423 $1,681,957 
Apron Light,i 8,932 

$1 ,025, 391 Trinidad Airport 

Cochabarnba Airport 
Pavement 
Fencing 

$ 846,478 
86, 886 

Pavement $562,855 Lights 84, 722 
Fencing 101,270 $1,018, 086 
Lights 64, 718 
Lights (Terrain) 70,224 Communication/Navaid 

$ 799,067 La Paz $ 718,080 
Santa Cruz 175,200 

Cochabamba 198, 516 
Trinidad 223,200 

$1,314,996 

Total --- $5, 839, 497 
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TABLE I 

COMBINED BENEFIT/COST RATIO PROPOSED AIRPORT AND COMMUNICATIONS IMPROVEMENTS 

BOLIVIA 

@12% 15% 

Present Value Total Annual: Present Value Total Annual: 

PRCL-CT Benefits Costs B/C Benefits Costs B/C 

EL ALTO AIRPORT: 

Water Supply (Alt. #1) 
(Alt. #2) 
(Alt. #3)* 

$ 153,081 

120, 127 

120, 127 

$ 120. 127 
153, 081 
74, 371 

1.27 

0.78 
1.62 

$ 139,658 
106. 333 
106. 333 

$ 106. 333 
139, 658 
68,064 

1. 31 
0.76 
1.56 

Cargo Terminal/Apron/Lights* 2,591. 040 1,329,704 1.95 2, Z28, 341 1.264.066 1.76 

COCHABAMBA AIRPORT: 

Pavement-' 1,786, 632 1, 019, 337 1.75 1. 460, 1Q8 975, 596 1. 50 

Lights* 771,275 214,746 3.59 661,015 202,914 3.26 

SANTA CRUZ AIRPORT: 

Pavement: 

Alt. 

Alt. 

I 

II 

- With Fencing* 

- Without Fencing 

2,891,655 
2,891,655 

2,573,900 
2, 392,676 

1.12 
1.21 

2,277, 990 
2,277. 990 

2.450,810 
2,285,458 

0. Q3 
0. QO 

Lights* 664, 341 133, 325 4. 98 524, 408 127,940 4. 10 

TRINIDAD AIRPORT: 

Pavement: 

Alt. I - Jet 1,868,534 6, 369, 820 0.29 1,520,476 6. 186,505 0.26 

Alt.II - Turbo-Prop/Propeller* 1, 868. 534 1, 526,958 1.22 1, 520, 476 1.466. 153 1.04 

Lights; 

Alt. II - Turbo-Prop/Propeller* 439,296 118, 110 3.72 356, 131 113, 337 3. 14 

Communications/NAVAIDS* 15, 103, 002 3, 459,660 4. 37 12, 062,009 3. 112. 405 3.88 

Totals $26,235.902 $10, 450, 111 2.51 $21, 1Q6, Q01 $ 9,781.285 2. 17 

Note: Items with (*) included in totals 



CHAPTER IV 

DESIGN PARAMETERS 

AIRPORT CAPACITY 

The 	capacity of an airport is expressed as the number of operations 
that can be accommodated within a given time period and within ac­
ceptable limits of delay. Extensive tests of mathematical models 
against actual airport operating experience was carried out by FAA 
to arrive at basic development criteria. The methodology and crite­
ria can be applied to all airports regardless of location and thus have 
been applied to the airports of this Ectudy. 

Runway Capacity Criteria 

The annual capacity of a single runway airport will exceed 150, 000 

operations with suitable taxiway facilities. The demand forecast for 

the study airports is expected to reach but a small percentage of this 

criteria in the next five years. 

Taxiway Capacity Criteria 

The criteria for taxiways to allow a runway to realize its maximum 
capacity are as follows: 

(a) 	 Turnarounds at runway ends are recommended as a min­

imum operational pavement facility. 

(b) 	 Stub taxiways to aircraft aprons are recommended mini­
mum operational pavement facilities. 

(c) 	 Parallel taxiways may be justified if one of the following 
criteria is forecast to be reached within the next five years: 

1. 	 There are four instrument approaches during the nor­
mal peak hour; 

2. 	 The annual operations total 50, 000; 

3. 	 The normal peak hour itinerant operations total 20; or 

4. 	 The hourly total operations are 20 for runways serving 
40% to 100% large aircraft. 
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The statistics required for a rigid application of the above criteria
 
were not available, however, from data available and an analysis of

airport operations during the study period plus data obtained 
by inter­
rogation, it was determined that neither Cochabarnba ior Santa Cruz
 
airports exceeds the above operational limits. Peak hour jtatistics

and differentiation between 
 local and itinerant operations is not recorded. 

Annual operations based on recorded landings during 1966 are: 

La Paz 15,062 Annual Operations 

Cochabamba 10, 302 Annual Operations
 

Santa Cruz 5,970 
 Annual Operations 

Trinidad 13, 890 Annual Operations 

An aircraft operation is defined as an arrival or departure from an
 
airport.
 

CRITICAL AIRCRAFT 

The frequency of airport use by various types of aircraft and their

operating characteristics influence runway length and apron configura­
tion. Airline aircraft are the most demanding. 

For initial design purpo'ses discussions were held with FAA/USAID

representatives 
to select critical aircraft criteria. The general
guidance of the 1966 SARC report was considered. The more specific

1967 SARC report became available late in the study. Initially, DC-9

and Boeing 737 aircraft were assumed. The loading of 97, 500 pounds
 
was increased to 
110,000 pounds (50, 000 kilos) for design purposes.

The later SARC report indicates that the Boeing 727 trijet could be the
 
most critical aircraft on primary trunk routes in Bolivia. Maximum
 
gross weight is 161,000 pounds. 
 Final design for Santa Cruz pavement
 
is based on this criteria.
 

The design load of 11 0, 000 pounds is the maximum allowable 727 load

at Cochabamba when payload restrictions are applied; i.e. high altitude,

takeoff climb 
limitations and nonextendible runway. At Santa Cruz run­
way length and apron design will permit maximum gross weight 727 
operations. 



AIRLINE SERVICE DEMAND 

The Hub StructuAre is a classification of communities in tcrms of their 
percentage share of scheduled domestic enplaned passengers. This 
structure is a usaful tool in relating airport development to airline ser­
vice requirements and in forecasting traffic activity. Communities 
have been classifiedl as Large, Medium, Small and Nonhub according to 
their respective percentages of total enplaned airline passengers. For 
planning purposes in Bolivia we have further correlated the percentages 
to passengers generated per day. 

HUB STRUCTURE BASED ON 1966 LAB DATA 

Percentage of Total Passengers 
Hub Structure Passenger Traffic per Day 

Large 4.39 or more 20 or more 

Medium 1.08 to 4.38 5 to 19 

Small 0.21 to 1.07 1 to 4 

Nonhubs less than 0. 21 less than 1 

Annual No. of Percentage of Total 
City Huo Structure Passengers Passenger Traffic 

La Paz Large 46,057 26.3 % 

Cochabamba Large 44,678 25.5 

Santa Cruz Large ;8,198 16.7 

Trinidad Large 9,483 5.6 
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NAVIGABLE AIRSPACE 

Standards for determining obstructions to air navigation are based on 

the U. S. Code of Federal Regulation, Part 77 of the Federal Aviation 

Regulations entitied "Objects Affecting Navigable Airspace". This 

part applies to existing and proposed man-made objects, objects of 

natural growth and terrain. 

Cochabamba 

Civil airport imaginary surfaces have been plotted for Cochabamba and 

are shown on drawing FS-CBB-2 and 2A. The transitional, horizontal 

and conical surfaces are penetrated by existing terrain. Only the ap­

proach area to secondary r;inway 13 is clear of obstructions. It should 

be noted that the pavement on this runway has deteriorated and the run­

way is normally unused. All other runway approaches are violated by 

mountainous terrain. The terrain obstrucLions will adversely effect 

establisbrnent of instrument approach procedures and severely restrict 

night operations. 

R/W 13-31 - Cocbabamba 

An analysis of the use of unimproved runway 13-31 is beyond the scope
 

of this feasibility study. However, because of terrain obstructions the
 

question of possible development of this runway is raised. A comment
 

on requirements and cost is appropriate.
 

Using the present runway alignment approximately 30 hectares of 

additional land would be required to accommodate a 2700 meter runway. 

This is the minimum recomn:iended length for new runway development. 

Present airport property would limit the length to 1700 meters. The 

new area would also accommodate a centrally located terminal building 

aircraft apron and parallel taxiways with adequate clearance. 

Construction of runway 13-31 would cost approximately 1.5 million 

dollars. A minimum layout of stub taxiways and turnarounds are 
Total estimated cost not including new terminalestimated at $500, 000. 

and access road would be 2.5 to 3 million dollars. 

Santa Cruz and Trinidad 

The terrain in the vicinity of both airports is flat. The Andes are 

approximately 40 miles west of Santa Cruz and 200 miles southwest 

of Trinidad. A plot of the airport imaginary surfaces was not necessary. 

Man-made obstructions are shown on the Airport Layout Plans with 

obstruction penetration shown as + meters. 

11 



ENVIRONMENTAL DATA 

The following geographic and climatic conditions influence airport 

design and aircraft performance: 

Average Annual Rainfall - Source: LAB Meteorological Office 

La Paz 574. 0 mm 22. 0 inches 

Cochabamba 478. 3 mr 18. 83 inches 

Santa Cruz 1, 224.9 mm 48.22 inches 

Trinidad 1, 840. 9 mm 72.47 inches 

Temperature - Source: Servicio Meteorol6gico de Boliv ± 

Average daily maximum temperature of the hottest month. 

La Paz 

Cochabamba 

Santa Cruz 

Trinidad 

Airport Elevation -

La Paz - West end 

- East end 

Cochabamba 

Santa Cruz 

Trinidad 

ASSUMPTIONS 

16.60 C 61.90 F 

30.30 C 86.50 F 

31.1 0 C 87.80 F 

34.60 C 94.30 F 

Source: Instituto Geogr~fico Militar 

4,033 mts 

4,057 mts 

2,544 mts 

416 mts 

154 mts 

13,228 feet 

13,307 feet 

8,345 feet 

1,365 feet 

505 feet 

As a basis for costing, the following assumptions have been made: 
1) all material and equipment will be free of Bolivian taxes, 2) because 
special equipment and techniques will be needed to accomplish the 
projects, a non-Bolivian contractor will be the prime rontractor, 
3) local material costs were used where appropriate, 4) equipment 
costs were considered as rental. 

12
 



CHAPTER V 

AIR TRAFFIC ANALYSIS 

Estimated future air traffic volumes at El ilto, Cochabamba and Santa 

Cruz airports establish a means for determining the correct scale of 

proposed airport improvements and for m( ;uring future benefits from 

these improvements. Economic trends, histcorical air traffic patterns, 

and intermodal transport relationships were analyzed to provide back­

ground for projecting air traffic trends. 

Air Route Structure 

La Paz, Cochabamba, Santa Cruz and Trinidad are the four major air 

traffic hubs of Bolivia. 

Internationally, six foreign cities are served from Bolivia: Lima, Arica 

(Chile), and Buenos Aires from La Paz; Buenos Aires, Sao Paulo and 

Corumba from Santa Cruz; and Salta (Argentina) from Tarija. Cochabamba 

is not a port of entry for international flights. See Figure 2. 

Domestically, 35 cities are served over 63 scheduled route segments by 

Lloyd Aereo Boliviano (LAB) and Transportes Aereos Militares (TAM). 

See Figure 4. Additional cities are served on a charter flight basis by 

non-scheduled airlines. Scheduled domestic route development in Bolivia 

is still in a formative stage of development. Existing domestic routes 

comprise 5% of all possible route segments between cities presently being 

served.
 

y 63 
xlO0 - xlO0 : 5% 

n2 _ n 352- 35
 

n = number of cities served 

y = number of existing routes 

Origin and Destination 

The airlines covered and O&D data obtained is shown in Appendix A.(lst. volume) 
not available. TheBraniff International and Cruzeiro do Sul data was 

volume of traffic would increase with the inclusion of these carriers. 

Traffic volume data necessary to establish building space requirements 

was based on DNAC traffic statistics reported by all scheduled air
 
covers
carriers. Commodity and intermodal traffic data in this chapter 

all air carriers. La Paz, Cochabamba and Santa Cruz are the principal 

points of origin and destination. See Figure 5. Total passenger 
shown below. Air routestraffic volume in 1966 at these major air hubs is 

connecting La Paz, Cochabamba and Santa Cruz account for the largest 

portion of passenger volume. 
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La Paz. Cochabamba and Santa Cruz are the principal points of origin and 
connecting thesedestination for domestic air passenger traffic. Air routes 

three cities carry the heaviest passenger volumes. Trinidad is a consider­

ably smaller air hub in terms of total number of passtngers, but has 

importance as the principal air hub serving the Beni region. See Figure 5. 

Total passenger traffic volume in 1966 at these major air hubs is shown in 

the table below. 

Domestic Air Passenger Traffic - 1966 
(Number of Passengers) 

La Paz Cochabamba Santa Cruz Trinidad 

Origin 45,692 40,996 24, 829 10,703 

24, 777 7,648Destination 47, 158 41,082 

Totals 92,850 82,078 49,606 18, 351 

Source: Appendix A. 

La Paz is the dominant hub for domestic air cargo traffic, as shown in 

Figure 6. Air cargo traffic between La Paz, Cochabamba, and Santa Cruz 

is relatively light because of highway and rail connections between La Paz 

and Cochabamba and a paved highway connecting Cochabamba with Santa 

Cruz. Trinidad, on the other hand, is without rail or highway access and 

relies heavily on air transport to ship beef to La Paz and meet other cargo 

transport requirements. 

Domestic Air Cargo Traffic - 1966 

(Kilograms) 

La Paz Cochabamba Santa Cruz Trinidad 

Origin 12,291,407 2,797, 588 820,434 3,622,986 

Destination 14,495,999 1, 597, 132 716,261 3, 170,211 

Totals 26,787,406 4, 394, 720 1,536,695 6,793, 197 

Source: Appendix A. 
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La Paz is also the principal hub for international air passenger traffic, 
being the point of origin or destination for 8, 373 international air travellerl 
in 1966. Cochabamba and Santa Cruz are also important international 
passenger traffic centers. Trinidad is not significant as a point of origin 
or destination for international air passenger traffic. See Figure 7. 

International Air Passenger Traffic - 1966 
(Number of Passengers) 

La Paz Cochabamba Santa Cruz Trinidad 

Origin 4,407 2, 593 2,251 2 

Destination 3,966 2,600 2,061 0 

Totals 8, 373 5, 193 4,312 2 

Source: Appendix A. 

International air cargo traffic is focused on La Paz, with lesser cargo
hubs at several other cities in Bolivia. Cochabamba and Trinidad are 
not ports of entry, hence have a limited air cargo traffic volume, See 
Figure 8. 

International Air Cargo Traffic - 1966 
(Kilograms) 

La Paz Cochabamba Santa Cruz Trinidad 

Origin 11,943 13,613 53,294 3,000 

Destination 130,240 25, 169 57, 123 0 

Totals 142, 183 38,782 110,417 3,000 

Source: Appendix A. 

Air Cargo Commodity Composition 

Inbound and outbound domestic air cargo, classified by type of commodity,
is presented in Tables Z and 3 for La Paz, Cochabamba, Santa Cruz and 
Trinidad airports. 
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TABLE . 

COMMODITY CLASSIFICATION OF CARGO ARRIVALS 
LA PAZ. COCHABAMBA. SANTA CRUZ. AND TRINIDAD 

1966 

LA PAZ 

PercentKilograms of Total 

COCHAbAMBA 

PercentKilograms of Total 

SANTA CRUZ 

PercentKilograms of Total 

TRINIDAD 

PemeldKlIogram.5 Of TOWaI 

%0C. 

A. FOOD PRODUCTSI. Fresh Fruits and Vegetables
2. Conserves and Sweets 
3." Grains and Grain Products 

4. Beer, Wines, Liquors, Alcohol,Soft Drinks 
5. DairyProducts 
6. Sugar 
7. Meats, Fish, Poultry 
8. Salt 
9. Cacao Seed 

10. Almonds. Brazil Nuts, Peenuts 
11. Coffee 
12. Misc. Food Products 

B. SKINS, HIDES AND LEATHER PRODUCTSI. Hides and Leather Goods 
2. Shoes 

TEXTILES AND DRY GOODS1. Textiles and Dry Goods 

49 639 
0 

185 

0 
14,437 

0 
9730316 

0 
168,877 
154,021 
104.328 

0 

1.464,803 

644, 797 
0 

644,;97 

Z8,645 

44.7 

19.7 

0.9 

0 
809 

0 

5,347 
627 

0 
20.009 

0 
68,747 

183,731 
0 

9,386 

Z88,656 

402, 171 
0. 

402.171 

28.628 

31.7 

44.Z 

3.2 

23. 438 
i, &QZ 

0 

4,861
67.65 

0 
10917 

0 
10. 137 

12, 620 
0 
0 

28Z.318 

10. 997 

10.997 

17.401 

58.9 

2.3 

3.6 

16S. Ill 
132. 20T 

177.334 
O 
0 
C 
0 

4.133 
7.711 

0 
03,311 

536. 33F9 

3.260 
0 

3. Z60 

7.934 

49.3 

0.3 

0.7 

D. FOREST PRODUCTS1. Lumber 
2. Rubber 
3. Quinine 
4. Misc. Forest Products 

E. PETROLEUM PRODUCTS 
I. Gasoline, Kerosene. Lubricants 

F. METAL PRODUCTS, MACHINERY. ELECT. EQUIPT.1. Metal Products. Plumbing Supplies 
-. Motors. Machinery and Auto Parts 
3. Electrical Equipment 

G. MISCELLA;EOUS PRODUCTSI. Published Materials and Stationery 
2. Pharmaceutical, Vcterinarian Products 

3. Miscellaneous Nnn-edlble AgriculturalProducts 
4. Empty Bottles 
5. Miscellaneous 

TOTAL 

Surce: Lloyd Aereo Boliviano, S.A.. Seccior, Estadistica. 

114.313 
59, 188 

273.996 
7 

453, 184 13.8 

0 0 

0 
41, 745 

16,414 

58,159 1.8 

2,560 
1,614 

57. 481 
436.ISZ 
127416 

b25.Z23 iQ.1 

3,274,819 100.0-. 

Data compilzd from airport 

0 
61.267 

0 
0 

61,267 6.7 

1,010 0.1 

12,971 
Z4, 625 

8.295 

45.891 5.0 

4.816 
2,362 

0 
20,809 
S5,047 

83.034 9.1 

910,657 100.00. 

cargo receipts records. 

0 
10,928 

0 
0 

10.92 

0 

0 
0 

4Z,029 

42.029 

I,8b9 
50289 

62. 956 
6,487 

38808 

115,409 

479.282 

Z. 3 

0 

8.S 

24.1 

100.0. 

0
4. 654 

0 
0 

4.654 

38. Z07 

168. 95 
63.09Z 

63. 174 

295. Z68 

10.80 
I5.0" 

29. 06? 
023 

.72 

203.635 

1,08,494 

0.4 

3.S 

Z. I 

Is.? 

100.0% 



1. Fresh Fruits and Vegetables
2. Conserves and Sweets 
3. Grains and Grain Products 
4. Beer. Wines, Liquors, Alcohol.SoftDrinks 
5. Dairy Products 
6. Sugar 
7. Meats, Fish, Poultry 

8. Salt 

10. Almonds,9. Cacao SeedBrazil Nuts, Peanuts 
1. Coffee 
12. Misc. Food Products 

B. SKINS. HIDES AND LEATHER1. Hides and Leather GoodsPRODUCTS 

2.So@8.27S 

C. TEXTILES AND DRY GOODS 
1. Textiles and Dry GoodsD. FOREST PRODUCTS0. 

1. Lumber 
2. Rubber 
3. Quinine 
4. Misc. Forest Products 

E. PETROLEUM PRODUCTS 
I. Gasoline, Kerosene. Lubricants 

F. METAL PRODUCTS, MACHINERY, 
ELECT.1. Metal Products. Plumbing Supplies EQUIPT. 

2. Motors, Machinery and Auto Parts 
3. Electrical Equipment 

G. MISCELLANEOUS PRODUCTS1. Published Materials and Stationery2. Pharmaceutical, Veterinarian Products 

3. 	Miscellaneous Non-edible Agricultural 
Products4. Empty ttles0 


5. -Miscellaneous 

Source: Lloyd Aerso Boliviano, S. A, Seccion Estadistica. 

TABLE 3 
COMMODITY CLASSIFICATION OF AIR CARGO DISPATCHED

LA PA?, COCHABAMBA, SANTA CRUZ, AND TRINIDAD 

1966 
LA PAZ COCHABAMBA 


Percent PercentKilograms of Total Kilogram. of Total 

19,949 426.934 
86, 750 59.653

611.582 48.318 


248, 991 
 22, 872 
24.051 10, 253283.851 5,352 
148.370 1,120 

189.905 00 	 00 
 0 
0 0
0 0 

1.613,449 63.3 574,370 64.2 

0 37.793 


8,275 0.3 12.S29
50.3ZZ 
 5.6 

77,872 3.1 38.117 4.3 

0 0
0 0
0 0 
0 0 

0i 0 o0 
240,942 9,4 24.969 2.8 

274.598 72. 829 
49,673 S6.413 
21.138 10815.0 

345,409 13.5 1Z0,057 13.4 


20,747 8,8205,562 1,394. 

00 00 

238,'7S6 76,507265,065 10.4 86.721 9.7 


2,551,012 100.0% 894,556 100.0% 

Data compiled from air cargo waybills. 

SANTA 

Kilogram. 

5.138 

3.103 

27.903 

27, 549 
304 

30.296 
45,691 

28. 104
0 
!36 


0 
168.309 

00 

20, 401 

1.016 
0 

iT.01 

S.785 

14,437 

16,04 


36,008 

0 
5.000 

6,21A0 

199,471 
210,687 

488,206 

CRUZ 


Percent 
oi Total 

34.5 


o7--


4.2 

0.2 

10.6 

7.3 


43. 

100.0% 

TRINIAD 

P rc aft 
Klorram 

e Ot Total 

1.49i 
3. 59 

13.715 

30. 41Z 
27.282 
11.037 

831.377
 

06333 
0 
0 

24. 55 
i--"Z 
 71.0 

262.004 

0 17.9 

7.674 0.11 

0 
3.507 

0 

X,507 0.3 . ez
 
Z.913 0.9
 

7. 94
 
.689
 

i2.76 0.9 

4.175 

1
 

097. 376 

2.3 
125.933 

1.461.059 I00.0% 
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Domestic air cargo is predominantly composed of foodstuff and raw mate­
rials, reflecting the limited industrial base of the Bolivian economy. For 
instance, foodstuffs with limited or no processing constitute almost two­
thirds of air cargoes outbound from La Paz, while metal products, machinery 
and electrical equipment consitute only 13% of the total. In the case of 
Trinidad, meats and hides comprise 74% of outbound air cargo. 

Monthly variations in air cargo caused by the seasonal nature of agricultural
 
p)roduction are exhibited in Figure 5. On the whole, however, domestic air
 
cargo shipments are free of marked monthly or seasonal variations.
 

Airport Traffic by Type of Aircraft 

Two and four-motor aircraft in commercial or public service create the 
greater part of aircraft operations at La Paz, Cochabamba and Santa Cruz 
airports. However, at Trinidad airport light aircraft account for 75% of 
all aircraft operations. See Table 4. Light aircraft are almost entirely 
operated by air-taxi companies and private firms or organizations; private 
flying for non-commercial purposes is not an important form of aircraft 
use in Bolivia. 

Intermodal Transport Relationships 

The broken terrain of the Andes Mountains and jungle areas of the eastern 
lowlands create formidable problems for the development and operation of 
surface transportation systems in Bolivia. See Figure 3. The high cost 
of constructing rail lines and highways has to date prevented the linking of 
the eastern and western rail systems which are divided by the Andes 
Mountains, and limited road networks to thatpart of Bolivia south of. 
16 degree latitude. 

The La Paz, Cochabamba and Santa Cruz areas account for three-quarters 
of all motor vehicles in the nation; other areas have very limited motor 
vehicle resources for road transport of passengers and cargo. See Figures 
on Page 30. Inasmuch as La Paz, Cochabamba, and Santa ,(ruz are linked 
by surface: transport, future development plans to further develop surface 
transport systems between these major cities will not have a substantial 
impact on inter-city air traffic between these cities. 

The relative importance of air, highway and rail passenger and cargo 
traffic volumes in Bolivia during the period 1963-65 is shown in figures 
on pages 31 and 32. Air transport has a potentially larger share of 
transportation volume, especially passenger travel, that can be realized 
through further penetration of the domestic travel narket by improved 
service and competitive prices. 

21 



TABLE 4 

NUMBER OF LANDINGS BY TYPE OF AIRCRAFT 

1966 

Your-Motor La Paz Cochabamba Santa Cruz Trinidad 
Aircraft 

DC-8 234 0 0 0"

B-707 50 0 0 0
Subtotal 84 0 0 0 

Four-Motors
 
Piston Aircraft
 

C-54 108 30 89 5
C-87 218 1 0 128
C-130 50 1 5 3
C-118 26 0 0 0
DC-6 904 1,250 579 21
DC-7 86 0 0 0 
B-17 921 169 
 1 379
 
Constellation 
 1 1 
 0 0
 
Subtotal 2,314 
 1,452 674 536
 
Two-Motor Piston
 
Aircraft
 

C-46 1, 116 444 24 176
 
C-47 3,067 773 909 609
 
DC-3 
 151 623 
 345 440
 
B-25 
 32 0 
 0 3

Convair 
 0 0 
 3 0
 
Subtotal 4,366 
 1,840 
 1,281 1,228
 

One - Two Motor
 
Light Aircraft 565 1,856 1,030 
 5,178
 

Special Type
 
Aircraft
 

Military Sabre Jet 
 2 0 
 0 0
 
Helicopter 
 0 3 0 
 3

Subtotal 
 2 3 0 
 3
 

TOTAL 7,531 
 5, 151 2,985 6,945
 

Source: Government of Bolivia, Direcci n Nacional de Aeronutica 
Civil, Boletin Estadistico No. 5 (La Paz, Bolivia), 
April 1967. 
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Air transport is without competition on many inter-city routes because of 
the complete absence of highway or rail connections. This is particularly 
true in cities located north of the 16 degree latitude, as noted above. River 
transport in the Beni is of local importance for the movement of cargo and 
passengers, but is slow and with a degree of hazard because of the uncer­
tainties of navigation in unimproved river channels. 

The relatively high cost of air passenger travel, from two to eight or more 
times expensive than surface travel, limits air travel to a small segment 
of the population of Bolivia. The higher cost of air travel is partly offset 
by the generally higher frequency of service ,er week on many routes, and 
shorter travel time. 

Higher frequency of service and shorter travel time are largely offset by 
the high cost of air cargo shipment, except in the case of high value cargoes 
and perishable products such as meat. However, air cargo forms an 
important part of the transportation infrastructure of Bolivia because it 
frequently is the only mode of transport connecting communities in the 
mountain and jungle areas of the country. 

Population and Economic Trends 

La Paz, Cochabamba and Santa Cruz are the three largest cities of Bolivia. 
Santa Cruz has bee:n and will continue increasing in population at a more 
rapid rate than the other two large cities due to agricultural colonization 
programs, petroleum extraction and refining activity, and industrialization. 
Trinidad is expected to show a slower rate of increase than the major cities 
due to the absence of road or highway links with other parts of Bolivia. 
See Table 

The experience of other countries shows that industrial activity is closely 
correlated to local air traffic volumes. Accurate industrial production 
statistics are not available for the above cities, however historical data of 
electric powr r production provides a good index of local industrial activity 
trends. See Table 6. Santa Cruz shows the highest rate of increase in 
electric power production, while the very limited increase of power produc­
tion in Trinidad corresponds with a virtual absence of industry located there. 
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REGISTERED MOTOR VEHICLES BY DISTRICT 
BOLIVIA 
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TABLE 5 

HISTORICAL AND PROJECTED POPULATION
 
BOLIVIA
 

1950-1990
 

(Thousands of Persons)
 

Year La Paz 

1990 1,375.0 
1985 1,080.0 
1980 849.2 
1975 664.9 
1970 543.5 

Annual Growth 
Rate 1970-90: 4.7% 

1965 466.2 
1960 411.7 
1950 321.1 

Annual Growth 
Rate 1950-65 2.5% 

Cochabamba 

400.0 
320.0 
251.6 
201.1 
163.8 

4.6% 

135.3 
113.9 
80.8 

3.5% 

Santa Cruz Trinidad 

300.0 
23Z.0 
186.7 
146.0 
114.2 

27, 1 
23.8 
20.5 
17.8 

5.0% 2.8% 

89.3 
69.8 
42.8 

15.6 
13.8 
10.8 

5.0% Z.5% 

Sources: 	 1950-1980, Secretaria Nacional de Planificacion y Coordinacio~n. 
1980-1990, Estimated by DMJM. 

TABLE 	 6 

ELECTRIC POWER PRODUCTION BY DEPARTMENT 
B OLIVIA 

1955- 1964 

(Thousands kilowatt- hours) 

Year La Paz Cochabamba Santa Cruz Beni 

1964 347.8 35.5 29.6 0.4
 
1963 342.5 3?, 3 27.5 0.4
 
1962 325.4 31.1 24.7 0.4
 
1961 314.1 31.2 18.5 0.4
 
1960 304.6 30.4 17.6 0.3
 
1959 Z86.6 28.0 14.6 0.3
 
1958 260.8 24.9 13.9 0.3
 
1957 Z30.0 24.0 12.4 0.3
 
1956 229.6 21.8 6.6 0.3
 
1955 231. Z 22.8 z. 6 0.3
 

Source: 	 Republic of Bolivia, Direcci6n General de Estadfstica y
 
Census, Boletrn Estadfstico, No. 91, La Paz, Bolivia,
 
1965, pp. 71-72.
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Projected Rate of Air Traffic Increase 

Route segment monthly traffic data provided by LAB for the period 1962­
1966 was processed by an IBM 1620 computer in La Paz to yield growth
trend information on the major airports of Bolivia. Trends indicated by

this approach did not provide realistic guides for forecasting purposes due
to serious aircraft accidents and other non-recurring adverse effects 
on
traffic during the 1963-1965 period. Data quality may have been another 
element which distorted trend findings to unrealist levels. 

Annual traffic volume at Cochabamba and Trinidad airports is estimated 
to increase at an annual rate of 12% to 1980 and thereafter at an 8% annual
rate to 1990. Santa Cruz airport air traffic was projected at an annual
growth rate of 15% from 1966 to 1980, and thereafter at 12% per year to
 
1990.
 

These estimates take into account the differential growth rates in population
and economic growth between the cities noted above, future industrial develop­
ment projects, and the size and character of their air trade areas. In the case of Trinidad, continuing development of the region as a major source of 
meat and hides in Bolivia will support further increases in the volume of 
air cargo. 

Projections of domestic air passenger and international air cargo at El Alto
International Airport are shown separately in the following chapter. 
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CHAPTER IX
 

TRINIDAD AIRPORT 

PAVE RUNWAY, TAXIWAY AND APRON 

The airport is located on the northeast side of the town of Trinidad. 
It is the principal air hub of the Beni. areaThis jungle is served only
by air and river transport, no roads or rail lines penetrate the jungles
of northeast Bolivia. There is a complete lack of direct surface trans­
port to Trinidad. A deficiency of aggregate material makes the position 
of Trinidad unique when considering design and construction. For this 
reason our method of presentation will vary somewhat from the format 
used for the other airports. 

Transport and Construction 

Trinidad at an elevation of 505 feet lies in the flat flood plain of the Rfo 
Marnore. This river eventually flows to the Amazon and then to the 
Atlantic. The meandering rivers Ichilo, Grande and Chapare at their 
confluence at the Rro Mamore dominate the soil structure in Trinidad.
 
The river system has a considerable seasonal rise and fall.
 

Pictures on pages 36 and 37 illustrate the problems of river transport. 
A reconnaissance journey from Cochabamba took eight days to complete.
The road route to Villa Tunari is extremely hazardous. Narrow turns 
on mountain roads present formidable problems in the movement of larg
immobile equipment. The present trucking system is limited to eight 
metric tons. The river crossing at Villa Tunari must be done on a
 
pontoon of limited capacity.
 

Port facilities at San Francisco are inadequate and must be modified. 
Damp proof storage will be required at this location and at Trinidad. 
Loading will be by hand. Palletized loading is impossible because of 
the configuration of the river carriers. 

A heavy demand for truck and river transport N;ill have an effect on the 
local economy. Conferences with agents and shippers indicated that 
stable prices can be maintained if planning and construction operations 
are coordinated and there is sufficient lead time. 

The snag infested river system and constant sandbar shifting will 
produce some cargo loss. Port facility at Almacen near Trinidad 
will require modification similar to that at San Francisco. The 
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road between Almacen and Trinidad (approximately 10 kms.) must be 
reconstructed and maintained during the life of the airport project. 

No aggregate is available in Trinidad. The closest known source is 
Villa Tunari approximately 310 kms. upstream. Aggregate is also 
available in the Guayaramerin-Riberalta area approximately 490 kms. 
downstream from Trinidad. This source was discounted because of 
the greater distance and the slowness and higher cost of hauling against 
the river current. 

Soils 	Survey
 

The soil at Trinidad is water deposited with a minor amount being 
relocated by aeolian action. The entire area, to a feasible economic 
depth, is characterized as homogeneous clayey sands of medium 
plasticity, CL by the unified classification system. The complete 
lack of aggregate has a direct influence on design and construction. 

The airport was sampled at nine sites to a depth of five feet. The 

results of these tests are displayed in Table IX-I. 

Soil Stabilization 

The lack of aggregate ballast in the soil accounts in part for the 
relatively low stability (low CBR value) of the soil in the natural 
state. The only possibility of using these soils for a moderately 
high wheel loading airport is by soil stabilization. Consequently, 
a representative portion of the Trinidad samples were subjected to 
a series of laboratory controlled stabilization tests using cement in 
one case and hydrated lime in the other. The soils were completely 
mixed into a representative homogeneous mixture. One portion was 
designated as a "Control" with no additive. Remaining portions were 
given 3%, 5%, 7% and 9% by weight additives of Class A Portland 
cement, cured for seven days and subjected to a CBR penetration, 
The results are given below. 

Sample No. LL PL PI MD* CBR 

1. 	 "Control 29 16 14 125.6 11
 
(no additive)
 

2. 	 3% Cement 34 21 13 -Do- 65 

3. 	 5% Cement 31 22 9 -Do- 82 
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4. 	 7% Cement 30 23 7 -Do- 93 

5. 	 9% Cement 30 24 6 -Do- 133 

*Maximum Density 

The results of these tests indicate that approximately 6% by weight of 
cement would be required allowing for field conditions and possible 
minor variations in soil. 

Trinidad Airport Design Alternate I 

Design conditions for Alternate I are as follows: 

(a) 	 Airport improvements to accommodate Boeing 727-100 
series aircraft. This is equivalent to the criteria 
established for Santa Cruz and Cochabamba. 

(b) 	 Maximum gross takeoff weight 161, 000 pounds (73, 000 
kgs.); elevation 505 feet (164 meters) average daily 
maximum temperature hottest nonth 94°F (34. 50C). 

Runway length required 8, 600 feet (2, 600 meters) 
width 150 feet (46 meters) with a loop turnaround 
taxiway at the northwest end and two access taxiways 
to the parking apron at the southeast end. Projected 
operations for the next five years are below 50, 000 
annually, therefore no improvement is planned for 
the existing parallel taxiway. In the pavement struc­
tural design, maximum advantage will be taken of the 
existing stabilized areas of the runway (station 0+00 
to 16+00) two apron access taxiways and the terminal 
apron 	area. 

Semi-rigid Pavement Design Section 

(a) 	 Runway Station: 0+000 to 1+600 and Taxiways ,,All 
and "B" 3 inch sand asphalt surface applied in 2 inch 
and 1 inch separate lifts over base 8 inch cement 
stabilized soil to 100% Mod. Proctor density. 

(b) 	 Runway Station: 1+ 600 to 2+ 600 and Loop Taxiway "C" 
3 inch sand asphalt surface applied in 2 inch and 1 inch 
separate lifts over base 8 inch cement stabilized soil to 
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TABLE IX-I 

TRINIDAD AIRPORT SOILS EXPLORATION 

Sample 
No. 

Station 
(metric) RI/L 

Gradation 
#10 

% 
#40 

Passing 
#200 

Liquid 
Limit 

Plastic 
Limit 

Plastic 
Index 

Maximum 
Density 

(lbs/cu. ft.) 
Optimum 
Moisture 

CBR Value 
95T. Proctor 

CBR Value 
100% 

Classifircat 
Unified/FAJ 

1 0-010 C 100%C 99% 96 44 18 26 121.1 13.4 4 7 CL/E-7 
2 0+040 IOL 100 99 95 45 19 26 120.9 12.1 6 9 CL/E-7 
3 0+920 37R 100 99 96 44 18 26 121.9 13.2 9 12 CL/E-7 

4 1+400 48L 100 94 94 37 17 20 127.3 10.8 5 8 CL/E-7 
5 1+650 30R 100 99 98 47 20 27 123.6 12.7 4 7 CL/E-7 

6 1+180 150L 100 97 95 40 22 18 119.6 12.9 5 9 CL/E-7 
7 0+590 145L 100 98 94 42 18 24 122.7 14.1 11 17 CL/E-7 

8 2+110 __ 100 98 92 29 16 13 125.6 11.1 9 12 CL/E-7 
9 2+540 a 100 99 96 36 21 15 124. 7 13.6 6 9 CL/E-7 



10076 Mod. Proctor density over subbase 6 inch cement 
stabilized soil to 95% Mod. Proctor density. 

Assumptions: 
1. 	 All materials for base course soils will be pulverized 

to pass No. 4 screen. 
2. 	 No more than four hours will pass between the union of 

soil and the final compaction and curing. 
3. 	 Construction joints will be used between separate days' 

work. 
4. 	 Hand placing of cement will not be allowed. 
5. 	 In the case of the sand asphaitt wearing surface, maximum 

stability and flow (disregarding percentage of voids filled) 
will be determined by accepted laboratory methods i. e. 
Marshall system. 

6. 	 FAA subgrade reaction classification of F-5 with only
moderate conditions of drainage with no frost possibility. 

Rigid 	Pavement Design 

(a) 	 Parking: terminal apron only, 11 inches of Class A, 
unreinforced concrete. Over base 6 inch soil-cement 
stabilization. 

As sumptions: 
1. 	 FAA subgrade reaction classification of RB with 

moderate drainage and no frost condition. 
2. 	 Design strength of concrete is 550 psi in flex (minimum 

3, 500 psi in compression) at 28 days. 
3. 	 No reinforcement or temperature steel employed. 
4. 	 Metallic load transfer devices used on all lateral and 

longitudinal joints. 
5. 	 "Snap" (contraction) joints to be formed rather than 

sawn. 
6. 	 Joint pattern established on a 15 feet module. 
7. 	 Curing compound applied no later than 45 minutes 

after union of water and cement. 

Quantities 

Semi-rigid soil cement pavement area: 
R/W=Z,600 Mx 46 M = 119,600 SM (square meters) 
T/W"A"I=00 Mx23 M= 2,300 SM 
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T/W "B" 110 Mx 23 M = 2,530 SM
 
T/W "C"= 300 Mx 23 M = 6,900 SM­

131, 330 SM
 

Concrete 	rigid pavement area: 

Apron = 	170Mx 85 M = 14,450 SM
 

Total Area 145, 780 SM
 

Material 	Quantities 

Semi-rigid pavement, soils/cement 
R/W - 119,600 SMx 0.21 M - 25,116 CM (cubic meters) 
R/W - 1,000 M (new subbase) 

46,000 SM x O. 15 M = 6,900 CM
 
T/W "A" 2,300 SM x 0.21 M = 485 CM
 
T/W "B" 2,530 SM x 0.21 M = 530 CM
 
T/W"C" 6,900 SMx 0.21M = 1,450 CM
 

"C" (new 	subbase) 6, 900 SM x 
0.15 M 	 = l,035 CM 

Semi-rigid pavement, asphalt surfacing 
131, 330 SM x 0.078 M = 10, 245 CM 
Rigid pavement, concrete 

apron: 14,450 SM x 0.28 M 4,050 CM
 
Rigid pavement, soils cement
 

base apron: 14, 450 SM x
 
0. 153 M 	 2,210 CM 

Excavation Quantities 

Most of the excavated soils will be utilized in reworking the 
material into the soil/cement mixture. 

Station 1 + 600 to 2+ 60 (Extended R/W) 
1,000 M x 50 M x 0.43 21, 50( CM 

Shoulder Areas 
2,900 Mx 50 Mx 0.46 Mx 2 133,400 CM 

154,900 CM 
Approximately 30% will be organic - 46,470 CM 

soils and will be wasted 

108,430 CM 
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Construction Ass umptions 

The lack of readily available aggregate and direct surface transportation 
impose restrictions on both design and construction. Project time 
phasing is shown in Figure . The type of construction envisaged and 
construction plant required is as follows: 

Step 1: 
The top 6 inches (15 -ms.) of soil will be removed 
between station 1 + 660 and 2 + 600, plus both sides 
of the runway station 0 + 000 to 2 + 600. 

This estimated 46, 000 ± CM will be removed and 
spoiled in a suitable area. The remaining material 
to the specified depth will be stockpiled along both 
sides of the runway in an attempt to air dry it in 
preparation for the cement additive. This action will 
have the dual purpose of immediately creating a 
negative shoulder gradient and providing material 
for soil stabilization. 

Equipment: 
6 each 5-6 yd. trucks 
2 each D-7 size dozer with blade, one tire and one 

on tracks. 
3 each front end loaders, two on tires and one on 

tracks. 
2 each M-12 size road graders with blades and rooters 

Time: 3-1/2 months 

Step 2:
 
(occurring concurrently with Step 1 but with a two
 
month time lag)
 

The airdried earth stockpiled in Sten 1 adjacent to 
the runway will either be moved ono the runway in 
windrows or carried directly to a mixer-compactor, 
preferably to a mixer-compactor where quality 
control will be infinitely superior. The soil cement 
mixture with water added will be placed in a uniform 
thickness (8 inches maximum depth) and receive 
initial compaction with a grid or sheepsfoot vibra­
tory compactor. Following this initial compaction, a 
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pneumatic compactor, self powered will continue 
rolling until 95% or 100% of modified Proctor 
density has been achieved. Finally, a steel wheel 
tandem roller of 8-10 tons will bring the surface 
to approximately 1/4 inch in 10 foot tolerance. 
Immediately afterwards, a coating of MG-3 will 
be applied at the rate of 0. 25 gals. /sq. yd. This 
application will serve as a curing compound and 
tack coat for subsequent sand asphalt surface. 

Equipment: 
I each soil cement mixer with bulker, tamper-leveler 
miscellaneous metal forms 

1 each grid-sheepsfoot ( 2 drum width) vibratory 
compactor 

2 each pneumatic wheeled compactors, preferably 
self-propelled 

2 each 8-10 ton tandem steel wheeled rollers 
I each asphaltic heater-spreader with 10 foot spray 
bore and hand spray attachments, minimum of 
600 gallons capacity 

3 each 5 c. y. trucks (previously mentioned) 
1 rubber type front end loader (previously mentioned) 

Time: 8 months 

Step 3: 
(Starting 2-1/2 months after beginning of Step 2) 

A selected local sand will be dried and mixed with 
a penetration grade (120-150) asphalt in an amount 
determined by laboratory analysis for maximum 
stability and minimum flow. Approximately 9% AC. 
The hot mix will be placed over the soil/cement 
stabilization in 2 inch and I inch thicknesses respec­
tively. Both of these hot mix applications will receive 
initial compaction with a three wheel tractor roller 
followed immediately with light load pneumatic roller 
and final application of an 8 ton tandem roller to 
maximum density. 

Equipment: 
I each 25 ton/hr. continuous mix asphalt plant 

with dryer and gradation unit. 
1 each track type asphalt lay down machine with 
heater bar and tampers. 
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I each three-wheel roller 
2 each pneumatic roller of eight tire width, tractor 

hauled. 
2 each 8 ton tandem rollers steel wheel 
3 each 5 c. y. trucks with covers and wood insulation 

for short haul. 

Time: 7 months 

Step 4:
 
Apron concrete (beginning 3 months after beginning
 
R/W soils/cement operation)
 

A base course of soils cement using parent soils 
will be placed 6 inches in depth and cured similar 
to the runway process. Using steel forms placed 
to line and grade, unreinforced concrete will be 
placed to required thickness in a 15 foot module. 
The concrete will be compacted by hand vibrators 
and wooden vibratory float. Finishing will be done 
manually with final "striking" done with a burlap 
broom drag. Curing compound will be pressure 
applied by hand. Contraction joints will be formed 
by manual means. 

Equipment: 
4 each weigh batch, 1/3 c. y. mixer
 
- miscellaneous forms
 
- miscellaneous hand tools, vibrators
 
3 each powered "Georgia buggies"
 
1 pressure during compound applicator
 
1 joint seal applicator w/heater
 

Time: 3-1/2 months 

Step 5: 
Shoulder grading 

Shoulders of all paved areas to be given a negative
 
fall of 2-3% with water lead away to suitable area.
 

Equipment:
 
2 each M-12 type graders (previously mentioned)
 
1 front end loader (previously mentioned)
 
2 five c. y. trucks (previously mentioned)
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Paving Costs - Trinidad Alternate I 

Because of the unique problems presented at Trinidad this cost estimate 
has been developed in a manner that reflects the effect of location and 
transport difficulties on project costs. Further, it is established that 
the type of equipment required for this project is not available in Bolivia. 
The depreciation of the equipment is therefore based on the U.S. rental 
price and reasonable market value for used equipment at Cochabamba. 

Transportation constitutes a considerable portion of the airfield cost. 
Transport prices are firm as of November 1967. Prices between 
Cochabamba, Porto de San Francisco, down river to Porto de Almacen 
and to Trinidad have been verified by a personal reconnaissance of the 
route to determine the condition of the roadways, port and dock facilities, 
and actual water carrier availability and capability. 

Material Costs (at job site) 

Cement Assumed compacted density 122. 9 lbs. /cu. ft. specific 
gravity 1. 97. Six percent by weight additive. 

Basic requirement 130,100 bags 5, 725 MT (metric tons) 
Loss Allowance 10% 573 MT 

Total cement 143, 110 bags 6,298 MT 
Source Viacha, Bolivia F. 0. B. 

@ $2.16/bag 
143, 110 bags @ $2.16 $309,117 

Asphalt Hot mix sand asphalt assumed compacted density of 155. 3 
lbs. /cu. ft. bulk specific gravity 2. 49. Nine percent weight asphaltic 
cement added as binder. 10, 245 CM. 

Basic requirement 2,295 MT 
Loss Allowance 8% 185 MT 

2,480 MT 
MC-3 curing/tack 140 MT 

Total Asphalt 2,620 MT 
2, 620 MT @ $105/MT 
F. 0. B. Arica, Chile $275, 100 

Aggregate Apron only. 

Basic requirement 5, 600 CM (14, 000 MT) 
2 inch size F. 0. B. Villa Tunari $Z. 80/CM $ 15,680 

5, 600 CM x $2. 80 
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Sand Apron only. 

Basic requirement 3,400 CM (5, 200 MT) 
3,400 CM x $1.20/CM 

Subtotal Material Cost 

Insurance 1-1/2% 

Fr eight
 

Cement. Rail Viacha-Cochabamba
 
6,298 MT @ $10. 38/T 
Road, Cochabamba- Porto San Francisco 
River to Trinidad. 6, 298 MT @ $36. 00/T 

Asphalt. Rail Arica -Cochabamba
 

2,620 MT @ $22.67/T 


Road and river to Trinidad.
 
2,620 MT @ $36. 00/T 

Aggregate. Road and river - Villa Tunari to 
Trinidad. 

14, 000 MT @ $23. 83/T 

Sand. Loca source 
5,200 MT @$9.16/T 

Storage and Warehousing 

Subtotal Materials Transportation 

Equipment Costs 

Depreciation Chargeable to Trinidad project 35% 
of $865, 000 initial cost 

Spare parts 12% 

Insurance 3% Cochabamba - Trinidad and return 
to Cochabamba 3% x 865, 000 

Freight U.S. to Arica 

$ 4,080 
$603,977 

$ 9,059 

$ 65,373 

$226,728 

$ 59,395 

$ 94,320 

$333,620 

$ 47,632 

$ 55,000 

$891,127 

$302, 750 

$ 36,330 

$ 25, 900 

$ 45,500 
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Arica to Cochabamba 615 MT @ $31. 30 $ 19,250 
Cochabamba - Trinidad and return charged

by units - one way $13, 000 $ 26, 000 
Subtotal Equipment Costs $445,730 

Other Costs 

Fuel and Lubricants (POL)
 
600 days @ $280/day 
 $168,000 

Miscellaneous - Runway marking 26,000 
Labor 600 days @ $900/day 540,000 

Subtotal Other Costs $734,000
 

Subtotal $2,684, 834
 

4% Contractor Contingency 107,393 
$2,793,227


17% Contractor Overhead and Profit 474, 848 
$3,268,075

12% Design and Supervision 392, 169 
$3,660,244

10%6 Contingency 366,024 
$4, 026,268 

Interest during Construction 
(a) 600 days @ 12% 397,151
(b)600 days @ 15% 496,438
 

Pavement Capital Costs Trinidad Alternate I 

(a) (b)
 

$4, 423,419 $4,522,706 

Fencing - Trinidad Alternate I 

U.S. purchased cost in place @ $11/Linear Meter 
8,019 meters required @ $11/LM $ 88,205 

12% Design and Supervision 10,585 

$ 98,79010% Contingency 9,879 

$108,669
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Interest during Construction 
(a) 90 days @ 12% $ 1,630 
(b) 90 days @ 15% $ 2,037 

Fencing Capital Costs (a) (b) 

$ 110,299 $ 110,706 

Totals: 

(a) (b) 
Pavement Capital Cost $4,423,419 $4, 522,706 
Fencing Capital Cost 110,299 110,706 

$4,533, 718 $4, 633, 412 

Lighting Costs - Trinidad Alternate I 

L802 Stake Mounted RIW Lights incl. Lamps (85 @ $32) $ 2,720 
L822 Stake Mounted T/ W Lights incl. Lamps (55 @ $35) 1,925 
L833 Insulating 'Iranformer, Direct Burial (140 @ $25) 3,500 
L823 Cable Connector Kits (140 @ $10) 1,400 
L824 B Series Lighting Cable 14,500 M 7,400 
#6 Bare Ground Wire 7,000 M 

(23,000 ft. @ 90/1, 000 ft.) 1,920 
Apron Lighting 

50 ft. Steel Poles (4 @ 300) 1,200 
Mercury Floodlights incl. Lamps (4 @ 200) 800 
Incandescent Floodlights incl. Lamps (16 @ 80) 1,280 
Plus all other items listed under Alternate II 25,085 

$ 47,230
30% Transportation 14, 170 

61,400
Contractors Labor and Profit 12,500 

73,900
12% Design and Supervision 8,868 

82,768
10% Contingency 8, 276 

91,044
Interest during Construction 

(a) 90 days @ 12% 1,366 
(b) 90 days @ 15% 1,707 

Lighting Capital Costs (a) (b) 

$ 92,410 $ 92,751 
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Operating and Maintenance Costs - Trinidad Alternate I 

(a) (b) 

Pavement $ 239,366 $ 244,629 
Fencing 3,309 3,321 
Lighting 4, 620 4, 637 

Total Operating and 
Maintenance Costs $ 247,295 $ 252,587 
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Trinidad Airport Design - Alternate II 

Design conditions for Alternate II are as follows: 

(a) Airport improvements to accommodate jet-prop 
aircraft similar to the Fairchild F-27K. This 
proposed minimum improvement will provide a 
usable runway under ail wet weather conditions. 
It provides a paved surface and establishes 
positive surface drainage. 

(b) Runway length, existing 5,248 feet (1, 600 meters),
width 150 feet (46 meters) with two access taxiways 
to a minimum parking apron. 

(c) A 6 inch (15 cm. ) soil cement base 100% Mod. 
Proctor density with a double bituminous surface 
treatment (DBST) is proposed. This asphalt
surfacing will improve the running surface and 
irotect the base and subbase.. It ii the most 
' conomically acceptable surfacing possible
under existing transportation difficulties and 
lack of local building materials. 

Construction Process 

The construction process requires minimum time, equipment and

material. N'iinor grade difficulties will be corrected where necessary

before major construction begins. Placement of soil cement base

will be in accordance with assumptions and methods described for

Alternate I. 
 DBST will be applied in the following manner: a spreader

truck with 10 foot spray bar will make the initial application. A tail
 
gate truck will make a "quick hitch" to a standard screw feed aggregate
spreader backing over the hot applied asphalt cutback. A stec! wheel 
8 ton roller will immediately follow for full coverage. This will be
followed by tractor draw wobble wheel 10 ton roller for a rraximum 
number of passes. 

Actual construction time 60 days. (Total contract period 180 days) 

Paving Costs - Trinidad Alternate II 

Apron 110 M 50 Mx = 5,500 SM (Square Meters)
T/W "Al" 130 1 x 20 M = 2,600 SM 
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T/W "B" 105 ?V x 20 M = 2, 100 Sm
 
R/W (existing) 1,600 M x 46 V = 73,600 SM
 

83,800 SM 

Material Quantities 

Semi-rigid pavement, soil/cement 
Apron 5,500 SM x 0. 15 M = 825 CM (Cubic Ieter) 
T/W "A" 2,600 SM x 0. 15 M = 390 CM 
T/W "B" 2,100 SM x 0.15 M = 315 CM 
R/W 73,600 SM x 0.15M = 11,040 CM 
Total base 83,800 SM x 0.15 M = 12,570 CM 

Cement Assumed compacted density 122. 9 lbs. /cu. ft. Specific
 
gravity 1.97. Six percent by weight added.
 

Basic requirement 3, 273, 470 lbs. 
or
 

1,485 MT (Metric Tons) 
or 

0. 018 MT/SM 

Asphalt MC-5 (MC-3000) based on a rate of application of 0. 25 gal. /SY 
first course and 0. 35 gal. /SY for second course. (SY = Square Yard). 

Basic requirement 232 VT (metric tons) 
Loss Allowance 10% 24 IV T 

Total Asphalt Required 256 UT 

Aggregate Crushed and graded to 3/4 inch amount of minus #10 size 
must be kept to absolute minimum. Bulk specific gravity assumed 1. 75, 
Rate of spread ratio of 1 CM (Cubic Meter) per 60 SM4 (Square Weter ,) 
for the first course and 1 CM per 100 SM for the second course. 

Basic requirements
 
1st course 3/4 in. size 1,400 CM
 
2nd course 3/4 in. size 840 CM
 

2,240 CM
 
Loss Allowance 10% 224 CM
 

2, 464 CM 

Material Costs (at job site) 

S2 52 (a) next... 



Cement 

Basic requirement 

Loss Allowance 10% 


Source - FANCESA, Sucre
 

$b 27. 80/50 kilo-bag at Cochabamba
 
or $46. 33/MT x 1,634 


Asphalt 

250 MT @ 105/Ton 
F. 0.B. Arica 

Aggregate
 

2,500 CM @ $6/CM
 

At source Villa Tunari 


Subtotal Material Costs 

Insurance 1-1/2% 

Freight 

Cement, Road Cochabamba- Porto San Francisco 
River to Trinidad 1, 634 MT @ $36. 00 

Asphalt. Railroad Arica-Cochabamba 
256 MT @ $22. 67/T 
Road, Cochabamba -Porto San Francisco 
River to Trinidad. 256 MT @ $36. 00/T 

Aggregate. Road and river - Villa Tunari to 

San Francisco to Trinidad 
4,875 MT @$29.50/T 

Subtotal Material Transport 

Equipment Costs 

Depreciation. Chargeable to Trinidad project 35% of
 

$300, 000 initial cost 


Spare parts lZ 

1,485 MT 
149 MT

179734 MT 

$ 75,703 

26,880 

15,000 

$117,583 

1,764 

$ 58,825 

5,803 

9,216 

143,813 

$219, 421 

105.000 

12, 600 
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Insurance 
Cochabamba 

37 Cochabamba-Trinidad return to 9, 000 

Freight U.S. to Arica 10,000 

Arica to Cochabamba 105 MT @ $31.30/T 
Cochabamba - Trinidad and return charged 

by units - total $4, 800 one way 

3,756 

10,000 

Subtotal Equipment Costs $150,356 

Other Costs 

Fuel and Lubricants (POL) 
120 days @ $115/day 

Miscellaneous - Runway marking 
Labor 25 Man force $450/day for 120 days 

$ 13,800 
9,500 

54,000 

Subtotal Other Costs $ 77,300 

Subtotal $564,660 

4% Contractor Contingency 

17o Contractor Overhead and Profit 

12% Design and Supervision 

10% Contingency 

22, 586 
$587, 246 

99,831 
$687,077 

82, 449 
$769,526 

76,952 

$846,478 

Unit Cost 

1-1/2-inch (4 cm.) DBST $ 5.80 

Cement for base 
(0. 018 metric ton/SM) 1.85 

6-inch (15 cm.) soil-cement 
base construction 2. 30 

Miscellaneous work 0.15 

Total per square meter $10. 10 
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Interest during Construction 
(a) 180 days @ 1Zo $ Z5,394 
(b) 180 days @ 15% $ 31,743 

Pavement Capital Costs - Trirjdad Alternate II $846,478 
Interes durlng construction excluded 

Pavement Capital Costs - Trinidad Alternate II 
(a) (b) 

(a) 12% (b) 15% $871,872 $888,221 

Fencing - Trinidad 

U.S. purchased cost in place @ $11/Linear Meter 
6,411 meters required@ $11/LM $ 70,525 

12% Design and Supervision 8,463 
$ 78,988 

10% Contingency 7,898 
$ 86,886 

Interest during Construction 
(a) 90 days @ 12% $ 1,304 
(b) 90 days @ 15% $ 1,630 

Fencing Capital Costs $ 86,886
Inrerest during construction excluded 

Fencing Capital Costs (a) (b) 

(a) 12% (b) 15% $ 88,190 $ 88,516 

Totals: 

Pavement Capital Cost 
Fencing Capital Cost 

(a) 
$871,872 

88,190 
$960,062 

(b) 
$888,221 

88,516 
$976,737 

Lighting - Trinidad Alternate II 

A medium intensity lighting system is specified. Terrain warning lights are 
not required. 

Electric Inventor, 

Power Source; Airport generators. The city power is unreliable with 
output characterized by extreme voltage variation. No plan exists to 
improve the city power system in the near future. 
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Generators: Primary 

2-Kohler Model 10M61 
8 KW 10 KVA 
115-230 AC 
60 cycle 
1, 200 RPM 

Powered by Waukesha 4 cylinder motors FC186-G 

Generator: Secondary 

Ready Power Electric Plant Model RD14A 
25 KVA 
120-240 V 
60 cycle 
1,200 RPM 

Powered by International 1Aarvester 4 cylinder Diesel 
This unit is inoperative because of maintenance needs. 

Lighting Costs - Trinidad Alternate II 

L802 Stake Mounted R/W Lights incl. Lamps (61 @ $32) 
L822 Stake Mounted T/W Lights incl. Lamps (55 @ $35) 
L833 Insulating Transformer, Direct Burial (116 @ $25) 
L823 Cable Connector Kits (116 @ $10) 
L824B Series Lighting Cable 12, 000 M 

(39, 500 ft. @ $155/1, 000 ft.) 
#6 Bare Ground Wire, 5, 500 M 

(14,800 ft. @ $90/1,000 ft.) 
L812 Regulator, 240 Volt Supply 7-1/2 KW (2 @ $1, 500) 
Circuit Breaker Panel (2 @ $85) 
Relay in Cabinet (2 @ $50) 
L816 Selector Switch (2 @ $850) 
Power Transformer 15 KVA 2,400-120/240 Voltage 

(1 @ $225) 
Feeder Circuits (2 @ $70) 
2,400 Volt Service (1 @ 150) 
L821 Tower Control Panel (1 @ $200) 

1,952 
2,900 
2,900 
1,160 

6, 122 

1,329 
3,000 

170 
100 

1,700 

225 
140 
150 
200 

Apron Lighting 

50 ft. Steel Poles (3 @ $300) 
Mercury Floodlights incl. Lamps (3 @ $200) 
Incandescent Floodlights incl. Lamps (12 @ $80). 
Circuit Breakers, Contactors and Wiring 

Subtotal 

$ 

$ 

900 
600 
960 
345 

25,153 
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Standby Power and Beacon 

Diesel-Generator 150 KW Complete 
Less Fuel Tanks (150 KW @ $100/KW) 15,000 

$ 40,153
Beacon - 36 inch Rotating 2,300 
Tower -51 foot Steel Tower 1,600 

$ 44,053
30% Transportation 13,215 

$ 57,268
Contractors Labor and Profit 11,500 

$ 68, 768
12% Design and Supervision 8, 252 

$ 77,020 
10% Contingency 7,702 

$ 84,722 

Interest during Construction 
(a) 90 days @ 1.27 1,270 
(b) 90 days @ .5% 1,588 

Lightijq Capital Costs $ 84, 722ateres during construction excluded 
Lighting Capital Costs (a) (b) 

(a) 12% (b) 157 $ 85,992 $ 86,310 

Operating and Maintenance Costs - Trinidad Alternate II 

Pavement 
Fencing 
Lighting 

Total Operating and 
Maintenance Costs 

(a) (b) 

$ 73, 237 
Z, 645 
4,299 

$ 75, 498 
2, 655 
4,315 

$ 80, 181 $ 82, 468 
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ECONOMIC JUSTIFICATION - Trinidad Paving 

Project Description 

The proposed improvement consists of paving the following areas at 
Trinidad Airport: 

1. runway 
2. taxiway 
3. aircraft parking apron. 

Two alternate project designs were developed: Alternate I which is 
capable of serving jet aircraft, and Alternate II which cannot handle 
jet aircraft but which can accommodate the Fairchild F-27K turbo-prop 
and would also substantially improve the operating characteristics of 
the airport for conventional propeller aircraft. 

Period of Analysis 

The period of analysis for the proposed paving project is 20 years, 
based on tht estimated service life of the pavement uider the contem­
plated type and volume of air traffic, and local meteorological conditions. 

Interest Rate 

A 12 percent interest rate is used for project economic justification 
calculations. This rate is equal to the current rate for long-term 
investments in Bolivia. For purposes of sensitivity analysis a 15 
percent rate is also employed. 

Projected Growth of Air Traffic at Trinidad Airport 

Air traffic volume is expected to increase at Trinidad Airport during 
the period 1966-1990 as shown below. Both Alternate I and II designs 
have a maximum capacity of 50, 000 operations per year. 

Traffic growth was projected at 12 percent per year during the period 
1966-1980 and 8 percent thereafter. In 1980 the proposed runway 
improvement with stub taxiways will achieve its maximum capacity 
of 50, 000 operations annually. Construction of a parallel taxiway in 
1980 would increase runway capacity to in excess of 150, 000 operations
annually. No adjustment was made in the number of projected operations 
due to future replacement of present propeller aircraft used by LAB 
with jet and turbo-prop aircraft. The Boeing 727-100 has a maximum 
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payload capacity of 29, 090 pounds and the Fairchild F-27K 10, 445pounds in comparison with the 23, 360 pounds of the DC-6B seats upto 68 passengers and the Boeing 727-100, 119 passengers and theFairchild F-27K, 44 passengers. Non-scheduled domestic airline andprivate aircraft are expected to continue to be predominantly propeller­
driven types. 

ALRCRAFT OPERATIONS 

Projected Projected ActualProjected Operations Annual Operations
Annual Growth Index With Proposed Growth IndexYear Operations (1966 =100) Improvement (1966 =100) 

1990 
 136,272 981 
 54,115 
 390
 
1985 
 92,742 
 668 
 54,115 
 390
 
1980 
 63,125 
 454 
 54,115 
 390
 
1978 
 54,115 
 390 
 54,115 
 390
 
1975 38,518 277 38,518 277 

21,8561970 157 21,856 157 
1966 
 13,890 100 
 13,890 
 100
 

Project Costs
 

Capital Cost
 

Pavement and fence construction 
costs computed at a) 12% interest
and b) i!% interest are as follows:
 

Alternate I - Jet Airport 

(a) 
 (b)

Pavement 

$4, 423.419 $4,522,706
Fencing 
110,299 
 110,706
 

$4,533,718 
 $4,633,412 
Alternate II- Turbo Prop/Propeller Airport 

(a) 
 (b)
Pavement 
$ 871,872 $ 888,221Fencing 

88, 190 
 88,516
Total Capital Cost $ 960,062 $ 976,737 
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Annual Cost 

Alternate I - Jet Airport 

Amortization of Capital Cost (a) (b) 

20 years @ 12% (.1339 x $4, 533, 718) $607, 065 
20 years @ 15% (.1598 x $4, 633,412) $740,420 

Maintenance Cost 

Pavement $239,366 $244,629 

Fencing 3,309 3,321 
Total Annual Cost $849,740 $988,370 

Alternate II - Turbo Prop/Propeller Airport 

Amortization of Capital Cost 

20 years @ 12% (.1339 x$9 6 0, 062) $128,552 
20 years @ 15% (.1598 x$976, 737) $156,083 

' Iaintenance Cost 

Pavement $ 73, 237 $ 75,498 
Fencing 2, 645 2, 655 
Total Annual Cost $204, 434 $234,236 

Project Benefits 

The unpaved runway, taxiways, and aircraft parking area at Trinidad 
airport are in a state of deterioration as a result of weathering and the 
effects of heavy air traffic. Poor drainage of the runway frequently 
prevents aircraft operations due to flooding.after rains. The present 
condition of the runway create an aircraft safety hazard for landings in 
wet weather and give rise to added aircraft maintenance and repair costs. 

Economic benefits created by the proposed paving at Trinidad airport 
are derived from the following sources and valued at the 1966 traffic 

volume: 

Increase in Net Revenues by $ 14,000 
addition of Turbo-Prop 
Aircraft Service: 

All-weather Airport Use Benefit 10, 000 
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Reduction in Aircraft Accident Costs: 

Aircraft Destroyed $ 46,375
Aircraft Damaged 5,343
Accident Investigation Costs 2, 100 
toss to Employer from Passenger
 

or Crew Fatalities 
 500 

$ 54,318 

Reduction in Aircraft Maintenance and Repair Costs: 

Tire $ 1,224 
Propeller 1,700
Fuselage 1,200 

$ 4,A24 

Reduction in Economic Cost of Aircraft Accident Fatalities: 

12% $ 484 
15% 
 $ 412 

Total Benefits (a) (b) 

$ 82, 926 $ 82, 854 

Paved runway, taxiway and parking areas will facilitate the introduction
of turbo-prop aircraft service at Trinidad. Benefits from this source
 
are estimated at $14, 000 at 1966 traffic volume. 
 The advent of jet service
stimulates the volume of air traffic revenues 5 percent to 10 percent and

reduces operating costs, as 
indicated by the experience of other countries. 
Turbo-prop aircraft are expected to show approximately the same results

when they replace the Douglas DC-3 which is 
 now the dominant type of
 
passenger aircraft serving Trinidad.
 

Trinidad airport is frequently subject to heavy tropical rains +uIUiug the
 
summer 
season from December to February, causing floodiug and1 
slippery runway conditions that prevent aircraft departures aud arrivals. 
The proposed pavement and drainage improvements N'll lormit all w,
weather airport utilization. The benefit from this ilwrvoiioid airport use 
is estimated at $10, 000 annually at 1966 traffic lev.c;,:. 

Benefits attributable to reduction of airport pavement-related accidents 
amount to $54, 318 at 1966 air traffic levels. Accident reduction benefits 
were computed as shown in Appendix E. 
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Reduction in aircraft tire, propeller and fuselage repair costs amount 

to $4, i24 at zhe 1966 traffic level. See Appendix E for nietihd of com­

puting these benetits for Trinidad Airport. 

The cumptitation of tf-e present vaitic total benefits over the cervice life of 

the proposed pavement improvement is shown on page 66. A maximum runway 

capacity of 50. 000 aircraft operations annually, as designed without parallel 

taxiway. places an upper limit on attainable operations and benefits. 

cononhi4: Ju.tiiicatiuon 

Net lr',st'n! Value 

The sit present vaiues of Alternates I and 11 are shown as computed 
oclow. 

Aiternate I - Jet Airport 

(a) (b) 

Present Value Total Annual Benefits $1,868,534 $1,520,476 
Present Value Total Annual Costs 

(a) .0 years (0 12% (7. 4692 x $849, 740) 6, 346,878 
(b) 20 years @ 15% (6. 2593 x $988, 370) _ 186.505 

Negat"-v. ct present values result from Alternate . rendering the 
project not ecunum ically justifiable. 

Alternate 11 - Turbo - Turbo-Prop/Propeller Airport 

(a) (b) 

Present Value Total Annual Benefits $1,868,534 $1,520,476 
Present Vahie Total Annual Costs 

(a) 20 years @ I2% (7.4692 x $204.434) 1.526.958 
(b) 20 years @ 15% (6. 2593 x $234, 236) 1,466,153 

Net Present Value $ 341,576 $ 54, 323 

The uniform series present worth factors 7. 4692 and 6. 2593 were derived 
using the formula shown on page 62 of initial report. 
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Benefit/Cost Ratio 

areBenefit/cost ratios for the two alternate Trinidad airport designs 

shown below. 

Alternate 1 - Jet Airport 

Present Value Total Annual Benefits (a) $1,868,534 
$6,346,878 

$1,520,476 O.26/1.0 

(b) $6,186,505 0 

Alternate 11 - Turbo Prop/Propeller Airport 

Present Value Total Annual Benefits $1,868,534
(a) = 1.22/1.00$1, 526, 958 

$1,520,476

(b) $1,466,153 = 1.04/1.00 

65-A next...65 
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TABLE 

FREQUENCY AND ANNUAL COST OF AIRPORT-RELATED AIRCRAFT ACCIDENTS 
TRLNIDAD AIRPORT, BOLIVIA 

19u(
 

Percent
Average 
 Accident Annual
Frequency Per Annual Number Unit Cost Total Reduction Accident

1000 Operations Operations Annual Number Per Cost Per Attributable Reduction Due
1964-1966 1966 Accidents Accident 1 / Accident Pavement 2/ Pavement 

Passenger 
 a) $29, 315 a) $ 1,935 a) $484Fatalities 0.00477 13,890 
 0.O6b b) $-4, 957 b) $ 1,647 25% b) $41Z 

Injured
 
Passengers 
 0 13,890 0 $ 2,700 25% 0
 

Ul Aircraft 3/
Destroyed 0.03819 13,890 
 0.530 $350,000 $185,500 25% 
 $46,375
 

Aircraft
 
Damaged
 

3/

Major Damage 0.01910 13,890 
 0.265 $ 75,000 $ 19,875 25% 
 $ 4,970
Light Damage. -, 0;04397 
 13,890 0.597 $ 10,0003/ $ 1,490 25% $ 373 

Sources: l/ Appendix D.
 

2/ Estiznated at 10%. Other 90% causes include inadequate navigation aids, faulty aircraft 
n:ainteznce, pilot error, and other sources of e;rport-related accidents. 

3f'. ­ jle engine light aircraft accounted for 75% of all operations at Trinidad in 1966; 
a lower n-it cost per aircraft is used for Trinidad than for Cochabamba and 
Santa Cru:r airports where multi-engine commercial aircraft predominate.

See Table :- . The inability of multi-engine jet aircra.ft to utilize Trinidad
 
airport also r;-gces the average unit value of aircraft below that of other airports
 
covered by this study..
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PRLS 'NT VALU: 01 PAVEMENT Bi'NR.I'ITS 
TRINIDAD AIRPORT 

19T0 - 1990 

Projected Number of Aircraft 

Operalions 

Percent Number 
ICompound Aircraft 

Year Increase Factor Operations 

Percent 

Annual 

Increase 
Compound 

Factor 

Project Benefits 

(In U.S. Dollar.) 

Iirbo. Aircra't 
prop Accid,nt 

Aircraft Reduction 
Benefit Benfit 

Aircraft 
Repair 

Savings 

Benefit 

APPresent 
Weather 
Airport 

Use Total 
Benefit Benefit 

A!Present 

Percent 

Discount 

Discounted Benefits 

(In U . Dollars) 

'Value 
Discount of Total Discount 
Factor Benefits Percent Factor 
4 12% 4 12" Discount (a 15% 

Present 
Value 
if Total 
Benefits 

c 15% 

Value of 
Fatality 

Reduction 
Benefit 

0 12% 

Presen 
Vale of 
Fatality 
.eduction 

Ba e.t 
15% 

1990 

89 

54,115 
321Z.20Z 0.Iln3u7 33,299 0.Ot,l0 14.625 1.89 1.605 

88 
0.11.11 37. 295 0.07026 Z2.S6 £ £b 

87 
0.13004 -41,769 0.08081 ZS.95t, 

86 
0. 145u5 46, 783 0.09293 29, 849 

0. 16312 52, 394 0. 1086 34. 324 

84 

8% 
o9850. 18270 52.o3 0.IZZ6 39.472 

83 
0.20462 ,5.724 0.1413; 4S.395 

82 
0.22917 73,610 0.1b253 52.205 

81 
0.25667 62,443 0.18691 60,036 

0.28747 92. 336 0.21494 69,039 
1980 

79 
0.32198 103.421 0.24718 79,395 

78 ..8960 54,115 3.8960 321.202 

2% 0.36061 

0.40388 

115.829 

129,727 

15% 0.28426 

0.32690 

91.305 

105.001 1,886 :.605 
77 
76 

.. 4786 
3.1058 

286.790 
256.054 

0.45235 
0.50664 

129.729 
129,727 

0.37594 
0.43232 

107,8!6 
110.697 

1,684 
1,503 

1.433 
I'80 

1975 

74 

73 

72 

71 

1;% 

2.7731 38.518 

12% 

2.7731 

2.4760 

2.2107 

1.9731; 

1.762) 

228,625 

204.131 

182,259 

162.728 

145,291 

0.56744 

0.63553 

0.71i79 

0.79719 

0.89286 

129,731 

129,731 

129,730 

129,725 

1Z9.725 

0.49717 113,665 

0.57176 1116.714 

0.65751 119,837 

0.75614 123.045 

0.869.7 126,341 

1.342 

1.198 

1,070 

955 

853 

1.143 

1,0Zf' 

911 

13 

726 
1970 1.5735 Z1,856 1.5735 129.726 1.00000 1.00000 761 648 
69 

6E 

67 
1 
.0003 13. 890 14,000 54. 320 4.124 10.000 82.444 

484 412 

$1,83,411 $1.492.285 $33123 $28.191 

SUMMARY 
12% 15% 

Present Value of Turbo-prop Aircraft Benefit, Aircraft AccidentReduction Benefit and Aircraft Repair Savings Benefits $1. 835.411 $i.492,285 
Present Value of Fatality Reduction Benefit 33, 123 28 191 

TOTAL Present Value of Paveome. t Benefits a) $1,868. 534 b) $3.5Z0.476 



ECONOMIC JUSTIFICATION - Trinidad Lighting 

Description of Project 

This project embraces the installation of runway, taxiway, aircraft 
apron lighting at Trinidad airport. 

Period of Analysis 

The period of analysis for the lighting project is 20 years, based on 
the estimated service life of proposed light fixtures. 

Interest Rate 

A 12% interest rate is used for the purpose of economic analysis. 
For purposes of sensitivity analysis, a 15% maximum rate is used. 

Projected Growth of Air Traffic at Trinidad Airport 

Air traffic volume is expected to increase at Trinidad Airport over 
the period 1966 - 1990 as shown on Trinidad Pavement Section 
page 

Project Costs 

Capital Cost 

The total capital cost of the proposed lighting improvements 
are as follows: 

12% 15% 

$85,992 $86,310 

Annual Cost
 

Amortization of Capital Cost: (a) (b)
 

(a) 20 years @ 12% (.1339 x $82, 992) $11, 514 
(b) 20 years @ 15% (.1598 x $86, 310) $13,792 

Operation and Maintenance Cost: 4299 4, 315 

Total Annual Cost $15,813 $18,107 
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Project Benefits 

Annual economic benefits at 1966 air traffic levels provided by the 
proposed lighting installations at Trinidad Airport amount to $19,490, 
derived from the following sources. 

Increase in Net Revenues 
from Night Flights $15,000 

Reduction in Aircraft Accident 
Costs - $29,930 x 15% 4,490 

Total Benefits $19, 490 

Trinidad has no airport lighting. In instances of emergency night 
landings at Trinidad, flares are set out to serve as runway lights. 

The installation of airport lighting at Trinidad will prolong the airport 
operational day. The increment in net revenues to airlines and the 
airport is estimated to average $15, 000 per year. 

Accident reduction benefits are estimated at 15% of accident prevention 
benefits attributable to runway and taxiway paving improvements at 
Trinidad airport. 

Economic Justification 

Net Present Value 

The net present value of the proposed lighting improvements are 
shown below: 

(a) (b) 

Present Value Total Annual Benefits $439, 296 $356,131 
Present Value Total Annual Costs 

(a) 20 years @ 12% (7.4692 x $15, 813) 118,110 
(b) 20 years @ 15% (6. 2593 x $18, 107) 113, 337 

Net Present Value $321,186 $242,794 
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Benefit Cost Ratio
 

The proposed lighting project has the benefit/cost ratios shown below:
 

Present Value Total Annual Benefits a) 1439,296 = 3.72/1.00 
Present Value Total Annual Costs $118, 110 

b) $356,131 = 3.14/1.00 
$113,337 

69
 

http:3.14/1.00
http:3.72/1.00


TABILE 

PRESENT VALUE OF LIGHtTLNG BENEFITS
 
TRINIDAD AIRPORT
 

1970 - 1990 

Projected Number of Pro ected Benefits Discoanted Benefits 
Aircraft Operations (In U.S. Dollars) (In U. S. Dollars) 

Present Preser.t 
Night Aircraft Value Value 

Percent Number Percent Flight Accident Discount of Total Discount of Total 
Annual Compound Aircraft Annual Compound Revenue Reductior Total Percent Factor Bleneits Percent Factor 3enehts 

Year Increasel Factor Operations Increase Factor Benefit Benefit Benefits Discount c 12'' 1V' Discount 1. , 15% 

1990 75,933 0. 103t,7 7,872 0 t:110 4, t9 
1989 0.11o11 -,617 o. 0702t 5,335 
1988 0.13004 9,874 0.0 081 *,13t 
1987 O. 14565 11,0,,0 u.09293 7,05t 
1986 0. 1t,312 1.' 38,, 0. 10lots . 114 

1985 0.18270 13,873 0. 122b9 9,331 
1984 0.204o2 15,537 0.14133 10,732 
1933 0.22917 17,402 0.1o253 12.341 
1982 0.25tt,7 19,489 0.18091 14,19, 
1981 0.28747 21,828 0.21494 lu,321 

1980 0.32198 24,449 0.24718 18, 7t9 
1979 0.360u1 27,382 0.2842o 21,585 
1978 3.8960 54,115 3.8960 75,933 12% 0.40388 30, ,68 157c 0.32690 24,822 
1977 3.4786 67, 798 0.45235 30,08 0.37594 25,4bb 
1976 3. 1058 60,532 0. 50(64 30, o68 0.43232 2o, 1f,9 

1975 2.7731 38,518 2.7731 54,048 0. 5o744 30,069 0.49717 Z,871 
1974 2.4760 48,257 0.o3553 30, t,69 0. 5717t 27.591 
1973 2.2107 43,086 0.71179 30, oo8 0.u5751 28,329 

1972 12% 12% 1.9738 38,4b9 0.79719 30, t,o7 0.75614 29,088 
1971 1.7623 34, 347 0. 8928o, 30, u67 0.8957 29, 833 

1970 1.5735 21,856 1.5735 30,067 1.0000 1.0000 
1969 
1968 
1967 
1966 1.0000 13,890 1.0000 15,000 4,990 19,490 1 1 1 

E9 1 111--- $435,313I II $352,743]3 

SUMMARY @ 12% [ @ 15% 

Present value of night flight and accident reduction benefits $435,313 $352,743 

Present value of fatality reduction benefit (@ . 15 of fatality reduction 
benefit from pavement) 3983 3, 388 

TOTAL: Present Value of Lighting Benefit $439, 29b $356, 131 





CHAPTER X 

AERONAUTICAL COMMUNICATIONS/ NAVAID 

This proposed improvement includes installation of a VOR navigational 

aid at Trinidad and installation of communications equipment at La Paz, 

Cochabamba, Santa Cruz and Trinidad Airports. 

Existing communications equipment at all airports is obsolete. Heat and 

humidity over the years has caused a general breakdown of components. 

Electronic leakage, frequency drift and high background noise is common. 

Components are out of tolerance causing poor reception and low power 

output. Garbled and distorted transmissions result with weak and noisy 

reception. 

Proposed improvements conform to the ICAO Air Navigation Plan for 

South America/South Atlantic Region. All engineering and equipment 

selection has been done by FAA/USAID representatives in La Paz. 

Communications/ Navaid Costs 

Equipment Installation 
Costs Costs Total 

La Paz $598,400 $119,680 $718,080 

Santa Cruz 146,000 29,200 175, Z00 

Cochabamba 165,430 33,086 198,516 

Trinidad 186,000 37, 200 223,200 

Total $1,095,830 $219,166 $1,314,996 
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Restos de un Douglas C-47 al estrellarse contra la montana Wreckage of DouglasHuayna Potosi'aen ruta La Paz - Tipuani 
C-47 crashed into Huayna Potosi mountainel 14 de Agosto de 19641 en route La Paz - Tipuani, August 14, 1964. Four fatalities

Resultaron cuatro fatalidades. Causado pr al tienpo. jresulted. Encountered bad weather. 

J, 
r 

r 7 

Restos de un Cessna 180 al estrellarse en las rnontanas. El Cessna 180piloto se extravio en ruta crash wreckage in mountains. Pilot lostLa Paz - Cochabamba debido a poca en routeLa Paz - Cochabamlba du,visibilidad el 6 de Marzo de 1964. 
poor visibility \%eather \ arch 6, 1964.Resultaron cuatro fatalidades.Four fatalities resulted. 



TABLE 

INVENTORY OF EXISTING COMMUNICATIONS EQUIPMENT
LA PAZ, COCHABAMBA, SANTA CRUZ AND TRINIDAD AIRPORTS 

BOLIVIA 
December 1967 

N umber 
Pieces Type and Manufacturer Year of

Equipment of Equipment Acquisition Comments 

LA PAZ AIRPORT 

1 Transmitter, "Wilcox" 
96C-4, 3 phase 1950 

I Transmitter, "Federal" 1950 U.S. War Surplus 
BC-447 B 

2 Transmitters, "Airaco" 
500 -AL 1943 

6 Transmitters, 
W. Electric, 4WTFA 1943 

1 Transmitter, 
Hallicrafters HT-9 1942 

2 Transmitters, "Collins" 1948 U.S. War Surplus 

I Transceiver, "RCA" 
SSB-1 1959 

4 Transmitters, "Aerocom" 1958 

3 Receivers, "Hammarlund" 
SP-400 & BC-779 1946 U.S. War Surplus 

13 Receivers, "Wilcox" 
CW-3 1947 U.S. War Surplus 
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Number 
Pieces Type and Manufacturer Year of 

Equipment of Equipment Acquisition 

LA PAZ AIRPORT (Continued) 

4 Receivers, "Collins" 
51-J-4 1958 

2 Teletypes," Teletype" 
15-B 1946 

1 Teletype, "Siemens" 
FN-R-8 1954 

2 Motors, Kohler 10 Kw. 1947 

1 Motor, "Onan" 5 Kw. 194? 

SANTA CRUZ AIRPORT 

2 Transmitters, "Airaco" 
500 -AL 1943 

2 Transmitters," Collins" 
32RB8 1944 

5 Transmitters, 
"W. Electric" 4WTFA 1943 

2 Transmitters,Localizer 1944 

3 Receivers, "Hammerlund" 
SP-400 & BC-779 1946 

I Receiver, "Colli-s" 
51 -J-4 1958 

1 Receiver, NC-2-40 1940 

75 
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U.S. War Surplus
 

U.S. War Surplus 



Number 
Pieces Type and Manufacturer Year of 

Equipment of Equipment Acquisition 

SANTA CRUZ AIRPORT (Continued) 

16 Receivers, "Wilcox" 
CW-3 & F-3 1947 

3 Receivers, "IBC-348-Q" 1940 

2 Alarm Monitors,"AAM" 1943 

1 Motor, "Caterpillar" 
50 Kv 1942 

2 Motors, Kohler, 10 Kw 1947 

2 Motors, "M AN", 60 Kv 1960 

TRINIDAD AIRPORT 

1 Transm itter, "Federal" 
44o 

I Transmitter, 
W. Electric 
4WTFA 

1 Transmitter, 
99-A 

1 Transmitter, 
9tC4 

I Transmitter, 
96-Z00 

1941 

1942 

Wilcox 
1950 

Wilcox 
1950 

Wilcox 
1950 

Comments 

U.S. War Surplus 

U.S. War Surplus 

U.S. War Surplus 

U.S. War Surplus 

U.S. War Surplus 

2 Transmitters,
 
Hallicraf ters HT-9 1942
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Number 
Pieces 

Equipment 
Type and Manufacturer 

of Equipment 
Year of 

Acquisition Comments 

TRINIDAD AIRPORT (Continued) 

1 Receiver, Wilcox CW-3 

2 Receivers, 
BC-779 

Hammarlund 

I Receiver, 
SX-25 

Hallicrafter 

Receiver, 
51 -J-4 

Collins 

I Motor, 
diesel 

"Inter", 

2 Motors. Kohler, 10 Kw 

COCHABAMBA 

2 Transmitters. Wilcox 
99-A 

2 Transmiiitters. Wilcox 
9 ,-C-4 

2 Trans ntitters. Wilcox 
9',-200 

3 Transmitters. 

W. Electric 4WTFA 

2 Trans aiitcrs, Marino 
B-1000 

1947 

1946 

1943 

1958 

1944 

1947 

AIRPORT 

1950 

1950 

1950 

1942 

1945 

U.S. War Surplus 

U.S. War Surplus 

U.S. War Surplus 

U.S. War Surplus 

U.S. War Surplus 

U.S. War Surplus 
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Number 
Pieces 

Equipment 
Type and Manufacturer 

of Equipment 
Year of 

Acquisition Comments 

COCHAEAMBA AIRPORT (Continued] 

I Transmitter, Aerocom 1958 

12 Receivers, 
SP-100 

Hammarlund 
1946 U.S. War Surplus 

I Receiver, 
C WV-3 

" Wilcox" 
1947 U.S. War Surplus 
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ECONOMIC JUSTIFICATION - Aeronautical Communications /NAVAIDS 

Project Description 

The proposed project comprises t-e installation of aeronautical 
commn1unications eqtUipment at La Paz, Cochabamba, Santa Cruz and 
Trinidad. In addition, a VOR navigation aid is to be installed at 
Trinidad. Upon the completion of the proposed installations, La Paz 
would servc as a national aeronautical communications center, and 
Cochabamnba, Santa Cruz and Trinidad would serve as regional aero­
nautical commIunications centers. 

Period of Analysis 

The period of analysis is the proposed telecommuni.cations/NAVAID 
project is 20 years. 

Interest Rate 

Interest rates of 12% and 15% are used for purposes of project economic 
evaluation. 

Projected Growth of Bolivian Air Traffic 

Air traffic volume in Bolivia is projected for the period 1966-1990 as 
shown below. A 12% rate of increase was used for the period 1966-1980, 
and an 8% rate thereafter. 

Number of Growth Index 
Year Flights (1966 = 100) 

1990 374,636 1,055 
1985 254,969 718 
1980 173,531 489 
1975 98,467 277 
970 55,872 157 
1966 35,508 100 

79
 



Project Costs 

Capital Cost 

The estimated cost of the proposed communications - NAVAID 
installations amounte to $1, 314, 996 distributed as follows: 

La Paz $ 718,080 
Santa Cruz 175,200 
Cochabamba 198, 516
 
Trinidad 223,200
 

$1, 314,996 

Annual Cost 

Amortization of Capital Cost (a) (b) 

20 years @ 12% (.1339 x $1, 314, 996) $176,080 
20 years @ 15% (. 1598 x $1, 314, 996) $210,135 

Operation and Maintenance Cost 

Operation 222,600 222,600 
Maintenance 64,510 64,510 

Total Annual Cost $463, 190 $497,245 

Project Benefits 

La Paz, Cochabamba, Santa Cruz and Trinidad airports are major air 
traffic hubs in Bolivia but are presently equipped with obsolete com­
munications equipment ranging in age from 9 to 27 years. See table on 
page 74 for inventories of existing equipment at these airports. 

Total annual economic benefits provided by the proposed aeronautical/ 
NAVA!D system amount to $381, 375 at the 1966 air traffic volume in 
Bolivia. These were computed from reduction of losses due to aircraft 
accidents. Improved weather information availability prior to takeoff 
and enroute would substantially contribute to a reduced accident rate, 
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At present aircraft aloft frequently encounter unexpected weather below 
minimum VFR flying conditions, weather that greatly increases the risk 
of accidents through d'rashes in mountainous terrain, loi; of geographical 
position, and forced landings. See photos page 73 and table page 84. 

Additional benefits include the improvement of reliability of schedule 
airline service through improved weather information dissemination 
and air traffic control. Non-scheduled airline and general aviation also 
will benefit from a reduction in the number of flight cancellations; 
delays and diversions created by inadequate weather information. 
Insufficient statistical data is available in Bolivia to enable a quantifi­
cation of benefits from these sources. Similarly, improved air traffic 
control will be possible with the proposed aeronautical communications 
systems, however, benefits from this source are also non-quantifiable 
due to the lack of statistical material. 

Aircraft accident reports are available in Bolivia and provide a basis 
for determining the causes of accidents, frequency, extent of aircraft 
damage, and number of fatalities and injuries. Based on this infor­
niation it was possible to develop estimates of economic loss due to 
accidents related to inadequate aeronautical communications. 

Economic Justification 

Net Present Value 

The net present value of the proposed communications improve­
ments are shown below: 

(a) (b) 

Present Value Tot.1 Annual Benefits $15,103,002 $12,062,009 
Present Value Total Annual Costs 3,459,650 3,112,405 

(a) 20 years @ 12% (7. 4692 x $463, 190) 
(b) 20 years @ 15% (6. 2593 x $497,245)
 

Net Present Value $11,643,352 $ 8,949,604
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Benefit Cost Ratio 

The proposed communication project has the benefit/cost ratios shown 
below: 

Present Value Total Annual Benefits $15, 103, 002 4.37/100
Present Value Total Annual Costs = (a) $ 3,459, 660 

(b) 	 $12,062,009 = 3.88/1.00
$ 3,112,405 
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TABLE 

PRESENT VALUE OF CO.M-IM ICATIO;, NAV AID BENEFITS 
TRINIDAD AIRPORT 

1970 - 1990 

Projected Numiber of 

Aircraft Flights 

Pro.ected Benefits 

(In U.S. Dollars)
I j 

Disc. unted I rncs 

, U.S. Dollars)
Present e' 

Year 

1990 
1989 
1988 
1987 
1986 

1985 
1984 
1983 
1982 

1981 

Percent 

Annual 
Increase 

Compound 
Factor 

2.1589 
1.9990 
1.8509 
1.7138 
1.5869 

1.493 

1.3>05 
1.2597 
1.1664 

1.0800 

Number 

Aircraft 
Flights 

3 7 
4,u3t, 

34u, 888 
321,188 
297,397 
275, 37t, 

254, 99 
23t,,009 
218,597 
202,407 

187,413 

Percent 

Aumal 
Increase 

Conpund 
Factor 

2.1589 
1.9990 
1.8509 
1.7138 
1. 58t,9 

1.4t,93 
1..)605 
1.2597 
1. Iou4 
1.0800 

Aircrai 
Accident 

Reduction 
Benefits 

4.023,79,, 
3.725, 772 
3,449,741 
3, 194._11 
2,957, t,93 

2. 738, 507 
2,535,724 
2,347,851 
2.173,957 

2,012,923 

Percent 
Discount 

Discount 

Factor 
S 12 

0.103t7 
0. 11,11 
0.13004 
0. 145t,5 
0.1u312 

0. 18270 
0.204u2 
0.22917 
0.215uu7 
0.28747 

%Value 
GiTotal 

Benefits 
12' 

$ 417.147 
431,599 
448, ,04 
4t5, 237 
482,459 

500, 325 
5 

18,8,,0 
538,057 
557, 989 
578,655 

Pcrcent 
Discount 

Disc "uInt 

Factkr 
' 15' 

0.0O110 
0. 0702t 
0.060ni 
0.09293 
O.10,'. 

0. 1221.9 
0.14133 
0. 1253 
0. 18.91 
0.21494 

%,
,': T tai 

Benclits 
.i-

1 45,54 
', 1. 771 5 
17,,773 
29'., 
31', U51 

33,. - 5 
35,374 
31.; S' 

40,, 33;4 
432, 57 

$ 

12 

- 5 
78. Z; 
350.577 
3-4. 'o09 
300,573 

27 ,299 
257, 1 
2 31, 599 
220,27 

204, 5t1 

$ 

-

34,._, 1 
3.!22 ,39 

o45­
27. 350 

55. b-8 

3t.. 915 
219.311 
203, 127 
1n.0Z 

174,150 
1980 
1979 
1978 

1977 

1976 

4.8871 
4.3635 
3.89u0 
3.4786 

3.1058 

173,531 
154,939 
138,339 

123,518 

110,281 

4.8871 
4.3635 
3.89o0 

3.478t 

3.1058 

1, 8t,3,818 
1,6,4, 130 
1.485,837 

1,326,651 

1,184,474 

12% 

0.32198 
0.36061 
0.40388 

0.45235 

o.50ut,4 

(00,112 
uO, I02 
t00,099 

O00, 111 
600,102 

15a 

0.24718 
0.2'42, 
0.32,,90 

0.37594 

0.43232 

40., ' 
473,045 
4ts5,720 

496.741 

512.072 

I9, 401) 
1(9. 11, 
150,9,97 
134,620 

120; 37! 

It,IZ 50 
143.974 
128, 54q 
1i4,77% 

102.476 
1975 

1974 
1973 
1972 
1971 

12% 

2.7731 

2.4760 
2.2107 
1.9738 
1.7623 

98,4o7 

87,918 
78,498 
70,08t 
62,576 

12% 

2.7731 

2.4760 
2.2107 
1.9738 
1.7623 

1,057,591 

944,284 
843,105 
752,758 
o72,097 

0.5t744 

0.63553 
0.71179 
0.79719 
0.8928o 

00, 119 
OO,121 

600,114 
tO0,091 
O00,088 

0.-.9717 

0.5717, 
O.tu5751 
0.75614 
0. 8t957 

525, 6, 
539,904 
554,350 
5"9,190 
584,435 

107,477 

95,9(2 I 
85, uO 
7,.499 
t8.301 

91,495 

81.,C90 
72,942 
t5, 125 
58. 147 

1970 

1969 

1.5735 

1.4049 

55,872 1.5735 600,094 1.0000 1.0000 0,984 51,918 

19681967 1.2544
1.!2100 

1966 1.0000 35,508 1.0000 381,375 1 
_ 38,757 32,995 

$10,940,991 $8,518,754 $4.12,011 $3.543.255 

SUMMARY @ 12% @ 15% 

Present Value of Aircraft Accident Reduction Benefit $10,940,991 $ 8,518,754 
Present Value of Fatality Reduction Benefit 4. l2 t 011 3543,255 

TOTAL: Present Value of Communication/NAVAID Benefits $15, 103,002 $12,062,009 



TABLE 

FREQUENCY AND ANNUAL COST OF COMMUNICATION /NAVAID-RELATED AIRCRAFT ACCIDENTS 
BOLIVIA 
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Percent 
Accident Annual 

Average Reduction Accid.ent
Frequency Per Annual Numiber Unit Cost Total Attributable Reduction

1000 Flights Flights Annual Number Per Cost Per Proposed ./ Due Pr:oporcd
1964-1966 1966 Accidents Accident I/ Accident I/ Inprovement- imprcvemcit 

Passenger 0.12412 35,508 4.407 a) $29,315 a) $129,191 30% a) $38,757Fatalities b) $24, 957 b) $109,985 30,% b) $32,995 

Injured 
Passengers 0 35,508 0 $ 2,700 0 30% 0 

Aircraft 
Destroyed 0.04774 35,508 1.695 $750,000 $1,271,250 30% $381,375 

Aircraft 
Damaged 

Major Damage 0 35,508 0 $250,000 $ 0 30% $ 0Light Damage 0.04774 35,508 1.695 $ 25,000 $ 42,375 30% $12,713 

Sources: I/ Appendix D. 

2/ Estimated at 30%. Other 70% of causes include faulty aircraft maintenance,
 
pilot error, aud other sources of flight accidents.
 





APPENDIX E (Revised) 

ECONOMIC BENEFITS OF AIRCRAFT ACCIDENT REDUCTION 

Economic Coat of Fatalities and Injuries 

Aircraft accidents are a oerious and costly form of economic loss to the 
aviation industry of Bolivia and to the public. Injury and loss of human 
life, and damage or destruction of aircraft that result from airport­
related aircraft accidents are quantifiable costs. The method for 
economic valuation of human life used in this report is similar to 
techniques employed in the literature listed in bibliography at end of 
this Appendix. 

Accident Frequency 

Accident rates were computed from data for the years 1964, 1965 and 
1966. National frequency rates for airport-related accidents were used 
since aircraft operate at a number of airports over the year; tire damage 
from unpaved runways and other accident producing causes are frequently 
cumulative and not attributable to deficiencies at a single airport. National 
data was also used to develop aeronautical communications/NAVAID­
related accident frequency rates inasmuch as El Alto has been proposed 
to serve as the national aeronautical communications center and Cocha­
bamba, Santa Cruz, and Trinidad as major regional communications 
centers.
 

Airport-Related Accidents 

Fatalities caused by airport-related aircraft accidents in Bolivia occur 
with a frequency of . 00477 per thousand aircraft operations (landing or 
takeoff comprises an operation). Injuries do not occur at statistically 
significant levels. 

Airport-related accidents resulting in destruction of aircraft occur at a 
rate of .03819/1, 000 operations and damage to aircraft at .06206/1, 000 
operations. See Tables E-1 revised and E-2 revised. 

Aeronautical Communications /NAVAID-Related Accidents 

Fatalities caused by aeronautical communications /NAVAID -related 
accidents occur with a frequency of 0. 12412 per 1,000 aircraft flights 
injuries occur at a rate of injuries/I, 000 aircraft flig"-k 
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Accidents resulting in total loss of aircraft occur at loss rate of 0. 04774 
aircraft per 1,000 flights, and damage to aircraft at the same loss rate. 
See Tables E-1 revised and E-3 revised. 

Fatalities and Injuries 

The economic cost of an aircraft accident resulting in loss of human 
life is $29, 315 when net earnings are discounted at 12 percent, and 
$24, 957 at 15 percent. The cost per injury per passenger amounts to 
$2, 700. These estimates were based on the unit costs presented in 
Table E-4, values given in Table E-5 and computations in Table E-6. 
International air carriers with landing rights in the United States of 
America are subject under law to a $75,000 maximum liability for 
death or injury per passenger. 
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TABLE E-I Revised 

FREQUENCY OF AIRCRAFT AC'CIDENTS 

BOLIVLA 

1 't4 - I 9,, 

All Accidents 1964 1965 196,ti Total Per 1-,000 Operations
Total Accidents: 18 34 24 76 0.363 

Aircraft Destroyed 10 12Aircraft Damaged 9 31 0. 1488 22 15Fatalities 45 0.21512 5 3Injuries 20 0.095Z0 0 2 22 0. 105 
Airport - Related Accidents 

Total Accidents: 4 13 4 21 0.10025 
Aircraft Destroyed 2 5 1 8 0.03819Aircraft Damaged 

Major Damage 
3

Moderate Damage 
0 1 4 0.019102 5 2 9 0.04297 

Fatalities 1 0Injuries 
0 1 0.004770 0 0 0 0 

Communications /NAVAID 
Accidents per 1,000Related Accidents 
AircraitFlightsTotal Accidents: /

4 1 5 10 0. 09548 
Aircraft Destroyed 2 1 2 5 0.04774Aircraft Damaged
 

Major Damage 
 0 0 0Light Damage 0 02 0 3 5 0.04774
 
Fatalities 
 8 2 3Injuries 13 0. 124120 0 0 0 0 

Notes: 1/ Calculated from total of 209, 472 operations in Bolivia, 196--1966.2/ Calculated from total of 104, 736 aircraft flights in3/ Fatality and injury data excludes 
Bolivia, 1964-1966.
 

those caused by bomb planted in aircraft in flight and repair shop fires.
 
3ource: Government of Bolivia, DNAC. Departamento de Seguridad Ae~ea, Registro de Accidentes, 1947-1967 (La Paz, Bolivia).

See Tables 
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TELECOMMUNICATION AND NAVAID - RELATED AIRCRAFT ACCIDEN 
BOLIVIA 
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TABLE E-4
 

AIRCRAFT PURCHASE COSTS IN BOLIVIA
 

1966
 

Type Aircraft 	 U.S. Dollars 

In Service­

$ 250,000DC-6B 

$ 75,000DC-3 

$ 45,000B-17 

Light Single-Engine $ 12, 000 

Potential Future Service: 

Boeing 727- 100 $5,025,000 

Fairchild F-27K $1,615,000 

$ 328,000Otter Twin-Turbo-propeller 

Lloyd Aereo BolivianoSource: 	 Superintendente Administrativo, 
S.A., Cochabamba, Bolivia. 
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Table E-5 

Factors For Computing Net Lost Earnings Of Deceased Passenger 

are discussed in supplemental numbered notesNumbered items 
appended to this section. 

(1) Life Expectancy at Time of Death Age 	60 yrs. 

(1) 	 Work-Life Expectancy at Time of Death Age 58 yrs. 

38 yrs.(2) 	 Age at Death 

20 yrs.Number of Work Years Lost 

2 yrs.Number of Years Not in Labor Force 

(3) Average Annual Earnings $4, 	200 

(4) Annual Value of Home Services $ 	 200 

(5) Personal Consumption Expenditures @ 20% $ 	 840/yr. 

(6) Earnings Trend - 76 annual increase 	 8.6% 

(6) 	 Cost of Living Trend - 7 annual increase 8.6% 

12%/15%(7) Discount Rate 
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TABLE E-6 

PRESENT VALUE OF LOST NET EARNINGS PER PASSENGER 

Valu- of 
Home Personal Net 

Year Earnings (+) Services (-) Consumption (=) Earnings 

1 $ 4,200 $ 200 $ 840 $ 3,560 

2 
3 
4 
5
 
6
 
7
 
8
 
9
 

10
 
11
 
12
 
13 
14 
15
 
16
 
17
 
18
 
19
 
20 
21 1,400 760 

22 1,400 _ 760 

Total $86,800 $4,400 $18,480 $72,720 

Present 
Value: $22,494 

Given: 

Present Value of Uniform Series Payments @ 15% for 20 yrs. =6.,259 @12%=7. 467 

Present Value of Single Payment @ 15% in 21 yrs. = 0.05313 @ 12% = 0. 09Z56 
Present Value of Single Payment @ 15% in 22 yrs. = 0. 04620 @ 12% =0. 08264; 

Discounted Value: @ 15% @ 12% 

$3,560 (6. 259) = $22, 282 $3, 560 (7. 467) = $26, 583 
$ 760 (0.05313) = 40 $ 760 (0.09256) = 70 
$ 760 (0.04620) = 35 $ 760 (0. 08264) = 62 

Total $22,357 Total $26,715 
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TABLE E-7
 

COSTS OF BOLIVIAN AIR CARRIER ACCIDENTS
 
1966
 

(U.S. Dollars)
 

Present Value Present Value 

Cost Per Fatality @ 12% @ 15%o 

Direct Costs 

Passenger Dependents $26,715 $22,357 
Employer 500 500 

Government Accident Investigation 1,500 1,500 

Airline Accident Investigation 600 600 

Indirect Costs 

Community Services (not included) 0 0 

Total Cost Per Fatality a) $29,315 b) $24,957 

Serious Injury 

Direct Costs 

Lost Wages (3 mos. ) $ 1,050
 
Medical Expense ($10 per day, 1 mo.) 300
 
Employer 150
 
Government Accident Investigation 600
 
Airline Accident Investigation 600
 

Indirect Costs 

Community Services (not included) 0 

Total Cost Per Injury $ 2,700 

Aircraft Loss 

Destroyed (see Table ) $750,000
 

Substantially Damaged (1/3 cost) $250,000
 

Source: Estimated by DMJM. 
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Supplemental Notes 

(1) The combined average life expectancy at birth for males and 

females in Bolivia is 49. 7 years. 1/ Airline passengero are estimated to 

have a life expectancy ten years longer than the general population due to 

superior living standards associated with higher incomes and educational 
is estimatedattainment. The work-life expectancy of oirline passengers 

to be two years less than life expectancy due to retirement and/or termin­

al illness. 

(2) Age at time of death based on LAB management estimate of 

average age of air passenger in Bolivia. 

(3) Average annuaL income estimate of airline passenger is based on 

market analysis of occupations of LAB passengers presented in the North 

Central Aii'lines, Inc. study: Final. Report (on LAB Oerations) Covering 

Period from August 27, 1963 Through August 11, 1965 in Accordance with 

Contract with the Government of the United States of America dated 

August 27, 1963. 

(4) 20 hrs/mo xi0 pesos/hr x 12 mos. = $200.
12 

(5) Personal consumption as percent of earnings based on personal 

expenses of head of family with Liwo children. 20% estimate corresponds 

to U. S. A. experience cited by Cheit in Bibliography, item E. 

(6) Earnings trend is assumed to equal cost of living trend. Com­

bined cost of living trend for cities of La Paz. Cochabamba and Santa 

Cruz between 1957-1965 are shown in TableE-8. Trend is equal to an 

8. 6% increase annually based on a linear regression line fitted to data. 

A 9. 5% annual increase trend using beginning and last year of same 
period was not used. 

(7) Average opportunity cost of investment capital in Bolivia. 

1/ 
- Government of Bolivia, Secretaria Nacional de Planificaccion'y 

Coordinaci6n, Proyeccidn de la Pablaci6n de Bolivia (La Paz, 
Bolivia, 1967), p. 6 . 
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LA PAZ, 

La Paz 

Growth Index 
Year Official Index (1957 = 100) 

1965 150.77 
 177 


1964 146.52 172 

1963 133.03 156 


1962 133.98 
 158 


1961 126.54 
 149 


1960 117.65 
 138 


1959 105.84 
 125 


1958 87.68 103 


1957 85.04 100 

Source: Government of Bolivia, 

Table E-8 

COST OF LIVING INDEX 
COCHABAMBA, SANTA CRUZ 

1957 - i965 
Cochabamba 

Growth Index 
Official Index (1957 = 100) 

182.80 216 

168.87 194 

154.46 182 

152.84 180 

147.40 174 

138.95 164 

112.25 133 

84.20 99 

84.79 100 

- BOLIVIA 

Santa Cruz 

Growth Index 
Official Index (1957 = 100) 

198.16 224 

201.84 228 

211.05 238 

212.67 240 

196.57 221 

174.09 197 

142.09 160 

111.98 126 

88.56 100 

Three-City 

Compsie
 
Growth Indc:r
 
41957 = 100) 

206
 

199 

192
 

193
 

181
 

166
 

13e
 

Ministerio de Hacienda, Direcci6n General de Estadi'stica y Censos,
Boletirn Estad'stic3, No. 91 (La Paz, Bolivia) 1965. 



Aircraft Damage 

Airport-Related Accidents 

Deficient airport facilities in Bolivia are an important cause of accidents 

leading to loss or damage of aircraft. High speed tire failures and collapse 

of undercarriages attributable to the rough condition of unpaved taxiways 
of airport-relatedand deteriorated runways are the most common cause 

accidents. See. photograph below. Lack of adequate aircraft mooring 
Table E-2 forfacilities is also another source of aircraft damage. See 

descriptions of airport- related accidents between 1964- 1966. 

Aeronautical Communication/NAVAID-Related Accidents 

enroute between points of departure and destination inAccidents that occur 

Bolivia are characterized by a high incidence of fatalities and destruction. if 

aircraft. Many of these accidents will be preventable through better 

weather information availability and air-traffic control measures when 

proposed communications equipment installations evaluated by this report 

See Table E-3 for description of communications­became operational. 

related aircraft accidents occurring between 1964-1966.
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Cost of Destoyed and Damaged Aircraft 

The average cost of a destroyed aircraft in Bolivia is estimated to be 
$750, 000, taking into account the 'vaiue of aircraft types currently in 
service and the purchase cost of je,', aircraft being considered for service 
within the next several years. See Table .E-4. 

Repair costs for aircraft with rr. tjor damage are estimated to be one-third 
of the cost of the aircraft, or $250, 000; light damage repair costs are 
estimated to average $25, 000. 
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