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~ PREFACE

In response to a request from the Government of the Republic of
Bolivia, the Government of Japan decided to conduct a Master Plan Study
on Modernization and Rehabilitation of the National Railways in the
Republic of Bolivia and entrusted the study to the Japan International
Cooperation Agency (JICA}.

JICA sent to Bolivia a study team headed by Mr. Sadaaki KURODA,
Japan Railway Technical Service (JARTS), 3 times between March 1990
and November 1991.

The team held - discussions with the officials concerned of the
Government of Bolivia, and conducted field surveys at the study area.
After the team returned to Japan, further studies were made and the
present report was prepared.

_ I hope that this report will contribute to the promotion of the project
and to the enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned
of the Government of the Republic of Bolivia for their close cooperation
extended to the team,

November 1991

Eermnle Ghmegip—

Kensuke Yanagiya
President
Japan International Cooperation Agency
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1. Introdui':timr.- :

Empresa Nacnonai de Ferrocamlcs (ENFE) operates routes. totallmg about 3,650 km in length
(2 2’?6 km in the Westemn Reglon and 1,373 km in the Eastern Reglon without any physical conneclion
_between the two reglons) The railway transports mosi of the imports and expotts of Bolivia, and plays a
- major social and economic role as the main arery of the nation, Qwing to a shortage of funds however,
no progress has been made in track improvement, modernization of signalling and telecommunication
facilities, mtroductnon of new rolhng stock, etc, As the result, the railway is not fully functioning due to
such factors as the extenswe superannuation of facnhtles dccreaSe in the working ratio of ro!lmg stock,
and further dueto natural dlsasters

' To cope with ‘this suuatlon ENFE has specnﬁc pl‘O_]BCtS for conslrucung Jinks and 1mprovmg tracks
for thc hnes of the Eastem and Westem Reglms Thcm isalsoa ne,ed for rehabxhtauon and modernization
of e)ustmg facahues and rol]mg stock a weli as managernent 1mpr0vement However there are no basic
principles for decndmg investment pnonucs ‘when’ 1mplememmg plans. ‘Given thése circumstances, it has
become urgent to'draw up a master plan to establish a raﬂway network and set up long— medmm and
short-term railway construction plans : .

With this background, the Bolivian Government rcqucstcd the Japanesc Government 1o carry out a
study on railway nctwork construction in Bolivia. Based on the Scope of Work concluded on October 5,
1989 between the Bolivian Government and the Preliminary-study Team of the Japan International
Cooperation Agency (JICA), the Japanese Government dispatched a study team to Bolivia to conduct a
study on drawing up a masier plan for rehabilitati'on]modeﬁlizaﬁdn ofa i‘aiIWay network.

“This study covers all-regions servéd by ENFE, It alms 10 draw up a master plan for setting up a
modernized and rehablhtaled railway nctwork in Bo]ma and for establishing' stage-by-stage railway
modemxzanon/rehabshtauon plans that are based on the master plan and take into account investment
priorities. At the same time; the transfer of Japanese rallway technnloglcs o ENFE engmeers in the course
of the study is planned. . -

7 ‘In this study. the basic principles in drawing up a master plan are as follows. Sufficient consiltations
with the Bolivian side have been made in selecting an opnmum rallway master plan and c*;labllshmg
modcmlzauon/rehabllltatwn plans by stage

(1) ' Draw up the plan that can be cassly 1mplcmcnted wnh a masonable amount of i mves:ment takmg
mto consademtlon the cconomy of Bohwa and I‘ nancial situation of ENFE,

o :,(2) Draw up the plan for 1mpr0vmg the rallway 50 that the rallway can grcatly contnbute to the
o somal and economlc gmwth and land deve]opment of Bolivia.

3 Estabhsh thc plan that will ensure safe, stable, and rehablc domestlc transport and will also
* enabic the railway to servc as a means of intemational transport. :

~. . (4). -Establish = short-term. - (year: 2000) . and - medium-term (year 201 0) railway
S ?"-modem:zatlonlrchabilltatlon plans, settmg the final target under the master plan at 2020, In
-.-deciding prmnncs of projects, give comprehcnswe consideration to such factors-as: safety in
_'—rtranspon effects of znvestmcnts urgency; importance of the linc.concemed; and investment
- -costs. In-planning rehdhlhtauon and modemization, take sufficient care fo realize pmﬁtablc and

- .1 efficient railway operation. as well as to ensure safe; stable, and reliable transport.: '

' ’(S) " Bstablistr necéssary service 1evcls fully takmg into consmcrauon sich factors as thc present
K "f"-'suuatlon characteristics, 1mp0rtance ‘and invesiment costs of the line concerned, in order (o
provide safe and stable transport.



(6) Harmonize the railway plans with vatious projects of nation and state levels, as well as projects
of ENFE, World Bank; etc. that are going to start.

(7) Conduct studies on railway reinforcement, putting emphasis on rchabilitation and modemization
of existing lines and facilities, to enhance their effective utilization. As for the plans of
constructing new lines connecting with conventional lines, pay special attention to setting up
sufficient links between the new raitway lines and road and water transport, to realize an
efficient intermodal transport.

At the same time, give sufficient consideration to an intermodal system that utilizes the
conventional road and water transport without entailing railway construction.

(8) In deciding the plan of the optimum master plan in 2020 and Qhort- and medlum-term railway
reinforcement plans, make comprehensive judgement based on quantitative evaluations of the
economy and finance, taking into consideration qualitative evaluations of principles and policies
of the nationat government and ENFE as well as social and technical aspects.

‘The report (summary) is a synopsis of the railway network reinforcement master plan for year 2020
and the short-tcrm (2000}, medium-term (2010), and long-term (2020) railway reinforcement plans.

2. Present Situation of ENKE

ENFE, established in 1964, is a public corporation under the control of the Ministry of Transport and
Communications. It operates commercial routes totalling about 3,650 km and has about 7,000 employees.

ENFE routes consist of Western Region lines (2,276 km with the La Paz~ Oruro section as the core)
leading to Chile and Argentina and Eastern Region lines (1,373 km with lines radiating from Santa Cruz)
leading to Brazil and Argentina. Both regions are not connected within Bolivia. An outline of these rouies
is shown in Table 1. (Refer to Figure 2-1)

Freight accounts for the main portion of ENFE traffic, and main commodities carried are soybeans,
mineral products, timber, and wheat, Especially, imporis and exports account for about 80% of the total
traffic and are carried on railway lines via neighboring countries. The railway is thus playing large
economic and social roles as the main artery of the country. Passenger traffic of ENFE in 1988 was about
onc million persons and 370 million passenger-km. Freight traffic in the same year was about 800,000
tons and about 420 million ton-km. The traffic volume of ENFE has been declining since the peak in 1983
for passengers and in 1980 for freight. The main reasons for the decrease in traffic are considered to be the
protracted suspension of train operation due to natural disasters, in addition to such factors as the
superannuation of facilities and decrease in the working ratio of rolling stock. (Refer to Figure 2-2)

The commercial trains in operation at present are classified into rail buses (Ferrobus), passenger
express trains (Expreso), passenger trains (Pasajero), mix trains (Mixto), and freight trains (Carga). These
trains are operated on specific days of the week since the tratfic volume is small. In 1988, about 9,000
trains were operated, and the delay of trains was about 21 hr. 50 min. per train (including trains on time)
and about 4 hr. 50 min. per delayed train. The train operaiion system entirely depends on:"handling by the
personnel in charge”, and mechanized facilities for operational safety are few. ENFE owns 53 locomotives
for main tracks, 10 shunting locomotives, 22 diesel railcars, 181 passenger cars, and 2,032 freight cars.

As for the financial result of ENFE operation, revenues and expenses for 1988 were about 100
million bolivianos (about 5,000 million yen) and about 97 million bolivianos, respectively. It seems that



balance is being maintained for the present, thanks to such measures as shouldering of fong-term liabilities
by the govermment (in 1986) and restraint of new investment,

However, the improvemeni of railway facilitics has been detayed due to a shortage of inherently-
necded investment, resulting in the progress of extensive superannuation and insufficient maintenance,
Delays are also seen in establishing appropriate systems for train operation and accident prevention. This is
frequently causing accidents such as derailment, Furthermore, natural disasters are of annual occurrence,
inflicting damages on the railway. In addition, ewing to the superannuation of rolling stock and
insufficient procurement of parts, the working ratio of rolling stock is decreasing.

Under these circumstances, ENFE is not sufficiently performing the inherent functions of the
railway, and it is difficult at present to ensure safe, stable, and efficient transport. Accordingly, ENFE is
planning to put emphasis for the time being on the reinforcement of the transport routes for the imports and
expotts (Santa Cruz~ Quijafro, Viacha~ Charana) by utilizing loans from the World Bank. At the same
time, efforts are being mode to improve systems for business administration.

What is important to ENFE in the future is to display strong points of the railway, such as long-
distance and large-volume transport, as well as to ensure safe and stable transport. For thal purpose, it is
necessary to: establish appropriate organizations and systems for railway operation based on a long-range
prospect; promote introduction and improvement of ground facilities and rolling stock by adequate
investment; and push forward such measures as pertinent control of train operation and efficient
maintenance of ground facilities and rolling stock by personnel training. At the same time, efforts should
be made to prevent railway accidents (accidents caused by natural disasters; accidents at crossings, etc.),
with cooperation of the organizations concerned and residents along the routes.

Table 2-1 Main Features of ENFE

ftems Figures, elc. ltems Figures, elc.
Track system Single track, unelectrified Stations 136 places
Gauge 1,000 mim Signal stations 66 places
Minimum curve radius Western Region 72 m Bridges 954 places
Eastern Region 250 m Tunnels 26 places
Maximum grade Western Region 38.5% Level crossing 570 placés
Eastern Region 33.3% Soil balfast about 80%




Passenger-dem

T [ 1 -
- . . ey . . . . ’ .
& e T *-*B‘OLIVI'A el
i - i ' :
[ L _RED FERROVIARIA,
N oma { & ]
) | N S % i
Y b a
N !f . : \"—\“ s
. BOLIVIA ~oo
S e
R S Ve S
. . T
. A
+TRINIDAD
( J

OCEAND RACIAICS

RO MULATO &

u Uy
ANTOEAGASTA| I/

L
REFERENCLAS

LBIEE eTERRACRINAL = ——

FINROCARRAL EH EANOTAQON ——t=s

1 e T

Figure 2-1 Rough Route Map of ENFE

Changes in Passenger Trallic

Million passenger-km

800 _]

700 |

400§
300 _
200

10 |

]

70 75 80 81 82 83 84 85 86 87 83 B9

1975 ~ 1989

Western R.eg‘son
Eastem Region
Total

Changes in Freighl Traftic

" Million ton-km

700 -}
500
500
400 -}

300 -/\/\/\/

200 = -~ IS

Ton-km

100 4.
0

70 75 BO Bi H2 B3 B4 85 86 B7 BB €9

1975 ~ 1983

Figure 2-2 Changes In Passenger and Freight Traffic

——Wesiem Region
Eastem Region
Tolat



3. Optimuin Railway Network in 2020 and Phased Improvement Plan
3-1 Selecting Opti__mum'Raiiway Network -

~ . The following procedure was employed for selecting the optimum railway neiwork and for outlining
the corrcspo'nd'ing'mbdc’mization plan (master plan) and the phased improvement plan on sufficicnt
deliberation with Bolivia, '
4} 'Elghl possible railway nctwork plans for 2020 were proposed. (Table 3-1)
" (2) Four typical plans were sclected from the above eight plans mainly on the basis of qualitative
overall evaluation.
3 r’I'he optlmum railway network was sclected from the above four proposed plans,

_ Among the four proposed plans, Plan If was_selected as the optimum railway network on the basis of
the comparison table shown in Table 3-2 and in consideration on Bolivia's investment scale in the transport
sector, the promotion of regionat developmem along the route and the contribution to the international
railway network ele.

Table 3-2 Comparison of Proposed Plans

- Plan [ [ S Y
Economic evaluation (EIRR) _ (4 533 ((2) 765 ({3 6.79 [{1) 8.84

Financial evaluation (income and
expenditure ratio) . -

tnvestment é‘qaie'(mominibn USdollars) | (1) 14.6 |(2 16.1 |(3) 25.1 (4 26.8

—

@ 0974|() 1.060|(@ 0837|(3) 0.969

Notes: 1. Thg ﬁgures in ( ) iﬁdic_z}te the sequence in terms of advanlage.
2. Unitof EIRR: % _ : .
3.. Income and expenditure ratig: Operating incomef{Operating expenditure + Interest on loans)

4. - The amount of investment reevaluated by ENFE was used as the railway consiruction cost between Aiquile and
Santa Cruz.

3-2 Out!inihg Phased R'einforcemént 'Plan (Ye_ar 2000, 2010, 2020)

“The remforccmcnt p]ans in the mtemledlate stages were outlmcd on dehbcration with Bolivia in
consxderatmn of the investment efficiency, the 1mportance and special characteristics of line sections and
other factors. Ten years were regarded as one upit. Au,ordmgly, the total period of the master plan was
divided into the phase up to the year 2000, the phase up to 2010 and the phase up to 2020.

The improvement project consists of the reinforcement and improvement of 9 line sections, the
construction of 1 new line and the modernization of 5 items. The phased reinforcement plan is shown in

" Table 3-3. '
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4, Demand Forecast
4-1 Forecasting Method

(13 Flow of Forecasting Procedure _
The demand was forccasted by a 4-stage estimation method as shown in Figure 4-1.

Social and economic frame Distribution pattern

Zoning

Forecast of total traffic

Distribution pattemn

Forecast of distributed traftic

Transpon network

Service level

Modal Spfit

Tralfic assignment by
raitway line

Figure 4-1 Flow of Traftic Demand Forecast

(2) Years of Forecast
2000, 2010, 2020

(3) Means of Transport
Passenger: Railway, road (bus}, air
Freight: Railway, road (truck)

Note:  Air service was excluded from the forecast of freight traffic because it accounted for only 1.2% of the
total freight traffic in 1988. :

) Forecast of Total Traffic N _ Co S :
Concerning passengers, it was found that the growth rate of the total passenger traffic is related
with the growth rate of the per capita GDP, and the correlation coefficient is 0.9894. Therefore,
the total passenger traffic was estimated in proportion to the per capita GDP. Concerning



freight; data.on road transport which accounts for 52% of the total freight traffic could not be
obtained. Therefore, the difference between the production and consumption of the 12 major
products was regarded. as generated/attracted traffic. The. generated/atiracted traffic was

.- estimated from the growth rate of GDP in each sector,

©)

@

Forecast of Distributed Traffic - ‘ .

“The distributed traffic was calculated from the generated/attracted traffic and distance of each

zone using the gravity model. Then, the accuracy was raised by applying T.J. Frator's method.
Modal Split . N |

The traffic by transport mode was estimated by the logit model using the schedule speed and the
fares of each'means of transport as resistance values.

Traffic Assignment by Railway Line

The traffic between main stations was obtained by totalling the QD traffic between zones in the
OD table obtained in (6) for each section.

4-2 Social and Economic Frame

Tablc 4-1 shows the gross domestic product (GDP), its year-on-year growth rate, the share between
cach sector, the total population and its year-on-year growth rate from 1978 through 1987,

The GDP began 1o decrease in 1980 due to the low international prices of primary products. The
decrcase was as large as —6.5% in 1983. However, it made a gradual recovery and aitained a growth of
2.2% in 1987. '

Table 4-1 Transition of Gross Domestic Product (GDP) and Total Population

(Million pescs, fixed price In 1980)

Sector 1678 1979 1980 1081 1882 1983 194 | 1985 1986 1987
;f)’g’j‘;‘:;; . 21490 | zezez | 22603 | ze3s4 | 23900 | 19981 | masse | 26788 | 2553 | 25489
tishery ’
Mining | Tesnan | 19478 | ted07 | 2030 | toses | 1eeta | tesss | wesr [ r20e2 | on013
Production | Manufacuring 18881 | -igs78 | 1783 | 18581 | 145% 13863 | oes | 10815 | 038 | 118w
Construgion 6,681 6,479 4,52 4,058 3.698 2,639 3,555 3.168 2018 |- 3080
Sublotal 68,192 | 66707 | sd4des | 3132 | siss5 | 56097 | 6367 | ssose | sism2 | 6410
o | s 59.6 524 50.9 52.0 50.6 51.0 498 4.1 169
Basic sevice * 7,380 8311 8127 9,081 8,729 7.997 8,142 8,205 5,544 8.989
o | 59 67 66 73 74 7.2 74 75 80 82
Othar servicss 45320 | 48310 | 47.088 | 48117 | 47200 | 46422 | 45770 | 48977 | as@es | 47953
‘% 564 37.2 383 38.8 39.8 | 418 414 418 42.8 43.2
Indirect import lax 2,583 3,298 3,288 3,753 1,080 429 392 927 1,246 1,763
% | 24 26 27 39 LY 04 a3 08 2 15
Total 126490 | 124656 | 122946 | 24,083 | 118674 | 110343 | tiesn | 10445 | 107211 | 109524
Ratéo lo prior year T — 01 AD4 09 Ad 4 AB.5 A03 a02 A2.9 22 1
Popuation (1,000 persons) - - 5.800 5,755 5916 6,050 6211 6321 6,559 6,748
Ratio lo priof yoar %] — - - 28 28 23 27 18 37 29

Note: * Mark indicates a share. However, the tolals do not agree in some cases because of rounding.



“Table 4-2 shows the social and economic data which' were used for the traffic forecast They are
based on the GDP growth rate presented in "Economic and Social Development Stratcgy (1989 ~ 2000) _
(Ministry of Planning and Coordmanon)" The growth rates given in the- Strategy were employed for 1989
~2000. For 2001 ~ 2020, it was assumed that the growth rate is 1/2. compared ‘with the preceding years in
the production sector and is equal to the average value of the preceding years in the service sector.
However, 80% of the value given in Table 4- -2 was employed for mining because the estimate is too
opumlstlc : : : :

Table 4-2 Growth Rate of Population and GDP by _Seoto'r_

Sector 1988 ~ 2000 (%) | 2001 ~ 2020 (%)
Agriculture, stock-farming -~ | - .. 3.8 .| . 19
Mining, metallurgy _ 124 | B2
Manufacturing 7.5 : 3.7
ol 9.0 | a5
Power, gas, service water ...138 . |- 7.0
Traffics, transport - : e 44 - | 2.2
Construction S 36 | 18
Average of above seclors 49 24
Service : 4.9
Population - S ) o ‘2.8

4-3 Zoning and Transport Network

The transport network was divided into 22 zones, namely 18 domestic zones and 4 intemational
zones (Brazil & overseas via Brazil; Chile & overscas via Chile; Argentine & Paraguay, Per'u' & overseas
via Peru). The zoning is shown in Figure 4-2. The rallway, road and air notworks in 2020 are shown in
Figure 4-3 through 4-5. :
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4-4 Service Level

The service level (travel time and fare) of rallway, road and air in cach scheduled year up to 2020 is

shown hercinafter.
(1) Travel Time

1)  Railway

Table 4-3 Schedule Speed of Rallway (km/h)

N Passenger " Freight

| Sedtion Current] -2000°| 2010 | 2020 | Gument | 2000] 2010 | 2020
PT I T o SR Tehiin i 5 B CH Sfahin | .
Oruro — Rio Murato 47 40

" Rio Mulato — Uyuni 47 37

Uyuni - Tupiza 47 35
Tupiza - Villazon a7 33
La Paz ~ Guaqui 49 26
LaPaz-Charana | &8 36
Oruro ~ Cochabamba 46 o5
Cochabamba — Aiquile | - 23 27
Rio Murato — Potosi 45 26
Potosi— Sucre at oy
Uyuni — Avaroa 49 23
Santa Cruz ~ Quijarro 54 o8
Santa Cruz - Yacuiba 58 28
Santa CGruz — Yapacani — — —_ — 22

2) Road

The schedule speed of eac!_i section was sct on the basis of Table 4'-4 and in consideration
of Table 4-5 and 4-6. Table 4-6 was considcrcd_ for intermodal t'ransp_ort. :

Table 4-4 Average Running Speed by Topographical Condition
and Road Surface Conditlon (km/h) -

Topography Road surface Bus ‘Truck -
Paved 20 60
High land Gravel 60 45
Earth 40 30

_ Paved 45 | 40
Mountain district Gravel 35 30
Earth 25 20
Paved 80 60
Low land Gravsl 60 45
Earth 40 30

12—



Table 4-5 Resting Tinje _of Road Transport -

. Passenger | 16 min.A hour of travel
. |10 min./1 hour of travel
| Freight ‘ Additional 1 hour/4 hours of travel
: Additional 1 hour/8 hours of travel
Additional 8 hourA2 hours of travel

Table 4-6 Freight Transshipment Time (h)

Travel Time of Air Transpott. . 3 Station namo 2000 | 2010 | 2020
Flight time: 0.00108*L + 0.293 hours | - 1:Santa Cruz
(L; Distance in km) -

Access time: 1.0 hour . - [ Cochabamba
Waiting time: 1.5 hours. .~~~ | Tupiza

| via Monte

~(2) Fares _ . _
The tariff of railway freight after the improvement were assumed as 90% of the road transport
fares. All the other fares were assumed unchanged from the current fares.

4-5 Results of Forecast

“Table 4-7 and Figure 4-6 show the forecasted yearly traffic and share by transport mode. Figure 4-7
and Figure 4-8 show the forecasted yearly sectional railway traffic by linc section.

Table 4-7 Forecasted Traffic and Share by Year and Ratio to 1988

Year - .. Passenger . . . Freight

Raivay | Road | .. -Ar 7| Alithemeans | W.OUT | Raitway Road | Allthe means | W.OUT

2002 | 11,6397 {7855 14516 -] 892 1,814 2962 4,776 1,502
2000 | 139 [ Bo2 |59 | 1000 61 | @80 62.0 100.0 314 .
192 |. 106 [ t19 ] "1 | 085 | 208 324 | 287 1.72

a178 | 12370 | 888 .| 164d5. | 787 | 4183 2561 | 8734 1,850

2010 | 193 763 |64~ | 1000 | 48 | 621 37.9 - 1000 27.5
|s02 | o1as 43t | 075 | 480 | 279 3.77 212
35648 [ 13952 18400 ~ | ‘@50 | 6200 [ 3s00 | 9738 2,479

2020 192 | 754 . 1000~ ;| 46" |.636 | 364 . 100.0 255
' 338 | 127 148 0L 081 557144 | 384 5.45 2.84
1,051 | 10964 | 127347 R 77 Bt T - 1,786 -

1988 83 | 861 56, 1000 . - - 488 | B1.2 100.0 -
| 100 1.00° 1.00 100 ).+ 1,00 1.00 1.00 -

‘Note: Upper row: Traffic (Passenger in 1,000 passgnﬁerlyear; freight 1,000 tonsfyear)
Middle row: Sharé (%), Lower row: Ratio to 1988 (time),- W. QUT: WITHOUT of railway
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5. Business tmprovement P_lan

5-1 Rasic Policy .for Business Improvement

When tlie projects of this master plan are executed, it is expected that ENFE will establish a
foundation for normal railway operation and gain trust {rom users and the Bolivian people by improving
the lines and. facﬂmes by raising the speed, safety and accuracy of train operation and optimizing the
orgamzatlon and the personnel It will be become an attractive mcans of transport The business
improvement plan presemts the 1mprovement measures and the future d1rect10n which were proposed in
consideration of the future traffic demand, the state of the road network and competitions with other means
of transport. Therefore, it will be important to start wnh feasible measures and o deepen the degree of
improvement gradually.

The following improvement policy is common to passenger and frelght transport

(1) Changing the Business Attitude

@

€)

“The busmess should be changed from a passnve attttude toa posmve attitude. Efforts must be

made to devclop the market by actlvely mv1t1ng passengers and frelght

Estabhshmg Busmess Adnumstranon System o
The business organization should be unified so that ENFE s business acu\unes as a whole can

~ be grasped. Thus, an admtmstratton system must be estabhshed

Modemtzmg Business. Infonnatton Management

The management of business mformanon must be modennzed along with the increase in traffic
and the progress of the times. For example, an automanc seat reservation system and a freight
information system utilizing the computer technology should be introduced.

5-2 _I:mpt'ovelnentr Policy _for Passenger Business

®.

o

Changing the Basic Business Attitude
ENFE must change from the ra:lway -oriented attitude to the user—onented attitude. Train

'schedule tables should be 1mproved and publtcly released and the siation environment should be
' nnproved in order to settle an 1mage of "Raliway offering good service™ and "ENFE loved by

users”.

Improvmg the Passenger Busmess System

D Improvmg the passenger train operanon system

Express stations should be set, the seat reservanon' system and the passenger class system
should be 1mproved along wsth the 1mprovernent and moreasc of passenger transport
capacity. :

2) Improving the Passenger Fare System .
Passenger tickets and eXpress tickets should be separated 1o increase convemenccs for
users. The basic passenger far¢ systéin should be improved. 'For example, the distance
proportional fare system should be promoted. The system of gradual fare reduction for
long distance passengers should be adopted. Children's fares should be set. It should
become possible to sell varfous passenger tickets and discount tickets.

-17-=



(3) Improving the Infrastructure for Passenger Business -

D

Sightseeing development and related business
Sightseeing spots should be developed and sightseemg trains which wil invrte tourists
should be set. Other sighiseeing resources should be utilized fully Resois, such as hot

- springs, should be developed through a tie- up wilh local enterpnses
2 -

Lmkmg with private bus service
In consideration of convemenee for users, bus service should be offered where it is useful

for lmkage with pnvate bus service and where no railway service is available.

The above 1mprovement plan is schematically shown in Flgure 5-1.

5-3 Improvement Policy for'Frei'ght Business

() Developing Positive Business Efforts

@

)

2)

3)

Expanding commercial contracts

The freight busmess which accounts for 80% of the rarlway mcome wrll commue to play
an important role as the trunk busmess field. Efforts should be made to increase the

transport volume by expandmg commermal contracts in which shlpment conditions are set
with cach cargo owner. - :

Promoting the prwately-owned frei ght car system

The system of privately-own freight cars should be utilized posmvely as’a means to
increase available freight cars. The increase in spee:a! purpose frcrght cars, such as hopper
Cats and tank cars, should be promoted

Promotmg market survey and development :

The market development section should be establlshed in the markeUng depaniment at each
branch office. This section should obtain information about cargo owners and frelght
distribution and establish an organization for market developmcnt

Modermizing the Method of Transport

An efficient transport method should be set for each ﬁeld accordmg 1o the state of future cargo

flow. The transport method should be modernized. For example an opnmum method should be
adopted for each type of commodities an_d container transport should be promoted.

1)

2)

3

International freight transport.

Both generai-purpose freight cars and spccral‘pmpose frerght cars should be employed
They should leave ma]or stations and go to the national border drrectly

Domestic freight uansport )

The new container transpoit method should be employed as far as possible. Ordinary
freight trains with container cars should be operated,

Tron ore transport
Piston trains consrstmg of special- purpose cars (for 1ron ore) should be operated

~18 -
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3

@

4)

5)

Intermodal transport _

Patlets and fork lifts should be used for mechanizing cargo handling work required for
transshipment between trucks and fre;ght cars, For domestlc transport, containers should
be uscd for transshipment.

Ralsmg the efﬁmency of fre;ght car connection work

Freight car connection work should be mmphfmd by opcratmg trams dircctly to
destmanon, for example. - : - :

Raising the Efficiency of Transpon

1))

2)

3)

Raising the efficiency of customs mspccuon

‘The inspection hours at customs stations should be extendcd Thc mspectlon t:mc at

cusioms stanons should be shoricncd in future

Optimizing 1mp0rl/exp0n freight car management L

The operation efﬁ(:lency of fre;ght cars should be ralsed in ordcr to shmten l;he stay of
export freight cars in foreign countries. For example the current state mformatmn of
export freight cars should be obtained accurateiy The overseas organizations should be
strengthened, the freight car operation system must be established and communication .
facilitics should be improved. ' | '
Decreasing freight stations _

Freight stations should be concentrated gradually The layout of frelght slations should be
optimized by unifying and abolishing medium-sized and small freight stations and other
methods. '

Modemizing Cargo Handling Facilities

1

2)

3

Modernizing freight stations _ - ,

The tracks, frelght platforms and bmldmgs cargo loadmg/unloadmg yards and paesages
at freight stations should be improved. At Ieast the necessary cargo handling machines
should be installed. |

Modemizing cargo handling method
The paliet system must be developed and containerization should be pmmoted in order Y]
promote joint transport between railway and tuck. :

Modemizing freight information system

An on-line freight information management sysiem using a computer should be introduced
so that freight business information and frelght car information can be utilized for routme
business management.

The above improvement plan is schematically shown in Figu're 5-2.

w20 -



coam_._tOE_ PUR 538UISTK -

nm_ﬁ_ ) E.x@au oul-up ‘Bumnssteonou Wl MEWoMy

) coagcoc_ﬁcou poyiaw jeyed Sudoeaeg

" eeurmew Bujpusy

oz EcEma.d wm.ﬁﬁma ‘prek BupeounBupeo) ‘sBuping
‘sunoped whies) ‘seuy Butipuey obires ‘geuy Bupsie Sunredeg

0202 Jeed i) suenEts 161800 — OF INOQE 'SUOKEIS UAINQIISIP
Krepucoes mm Sonu *SUSITE}S uornquisi Arewid v neay

L uonesedo 2o yBies

10 Kouampiye oy a:_m_m._ SUCIBUAY PUE SUCHRZILERIC SEERIBAD
BuweyBuens EmEomm_.B& woipelede Jes Wb fulaosdun

upizedsul swoisna. Bulsoidus

mEﬂuﬁEﬁ

Buireledo Hlom [2ALIE DUE USIDBULOS % chu_nm oy! Suisiey -

ueyd Juotwarcsdus| sseusng 4G94 2-¢ enbi4

- o= = = = welsks uoyewiopr ey Bujziuiepoy -
........ pouiew Buypuey obies Buiziuiepoy

......... - - = = suone;s wbiey Buseelsag

Ea&mamcﬁﬁ
. Em_ﬁ___ tﬁx&ﬁ&g mr_EE_EO
ot

suoies ydies) Buiziuispoy

" Buypuey oBies
Burziwepoy

. seioey

—

: * yodsuma)
1 jo fousioiye

- @) Buisrey

©Swojsno (0 Asuerxie syl Buisie <

IO UOIPELIUOD
-] fm.g Jo .ﬁoco.o_zo oE mcﬁmm

mc___.Emz ofires.

oy oy .mno" puesnou; ommu EeEa_ﬁmcm.a UIBAL ~ %00 )

sres Wftesy 040 U0 (%87 'Su) puBSnoll 0R6'2) SUrRll uojsd |

sroureuos Aed ‘(99 ‘suo) puvsnoy; 025) suren Aeupio

-ares wyfia) pazyeioeds:

e esodind-reiouet ‘(opiry 'suol ucmwaonu.o.nhdu SUIR D010

auaIajueD
Remirey _mco.mam ..._o«_.m_oomw«. Em::u am__s__mm HRIS JeUMG ofied
. |UedjUE] ‘edned

1e4jo 1o S/ .._v_.. PUR M. ‘20J0 LG 1) SIB3 1M PUE LOH.
WN0OSIP pue UNFu0; Jaediys 4np “0002 Jeek AQ LU jo %hiE

R -_- - === Uodeue) _muoE._mE_

B T e uodsurs 8IG u| -
...... wm - i v e podsued) yBies DiSeWOQ —

—wwmm e = - - UodsuBR KB [EUONELBW]

e o WOWCO{OABD PUE ABAING JOYEY -
: : sie0 Biey peumo-Alajeac -

; 1o wenafs o) Bupoleoly
= = e - s - = SRIUGD [ERJeLILIOD Supuedis

yodisuz. ayy
Suiziuepop

poieL

‘uojiesedo
pue ueweBeurw

Buzudo ¢

weishs Anoos

pue uourIede

ue Buysiqeise

;. puR SUELL JO
Aupeeyes-pue Aejes

. ‘peeds sy Suistey ‘2

saars Bujjer pur

" satijioey Bujsosdw)

puz Burseesauf "1

ued
co_ﬁuESoE auniny

suLye
. Bunayrew

anysod
o mcwﬂb_@%a

vopRwe) Bunwiesow

. wesds juowebeuew
.. - BuouiBuang |
- wolsks petiedeuew
. sseusng Busyaess

ved EcEmEaE_

. ssauiEng 1yBiesy

" sueujsng
yuniy
S3ZN3

- 271 -



6. Operation and Rolling Stock Plan

6-1 Operation Plan

(1) Basic Policy for Operatlon Plan , '

A rebirth and modemization plan for ENFE should be formulatcd by gwmg high prmnty to the
safety and stablhty of train operauons ENFE should funcnon as the base for Bolivia's
economic development and meet the people s need. :

For this reason, 4 fundamental study en the security and safety systcm should bc madc and a
rebirth and modemization plan which is suitable for ENFE should be made.

In addition, the efficiency of overall transport management should be raised in wew of the fact
that ENFE is the center of an mtematlonal transport network :

@

®

Basic Condluons for Operation Planmng

1) The route which is covered by this plan is about 3 550 km (mcludmg about 130 ki of a
newly constructed line) except some line sections. The maximum operation speed of
passenger trains is to be 95 or 80 km/h and thai of freight trains is to be 75 or 65 km/h.

2y The "toké_niess block system” using mul_tipie color light signals is to be adopted. The
interfocking system is to be the class 1 or class 2 relay interlocking system.

Trains are o ran on the right side track. |

3) . Electric operation is not to be ad()pted Passenger trains are to be driven by DC and frelght

© trains are to be hauled by DEL. o :

4) The rollmg stock perfonnances are o be as stated in 6-2 Rollmg Stock Plan.

5)- The iraffic is 1o be based on the resulis of demand forecast pmscnted in Chapter 4

6) The passengers boarding efficiency is 10 be about 70% because medium and long distance
trains account most of the trains. A dining car is to be connected to each train. .

n Loading efﬁmency of fieight cars is'to be 70% (28 tons) on the basis of the prewous
records. However, the loading efficiency of iron ore trains between Mutun and P. Busch
is to be 93% (37 tons). ' ‘

8) The recursion period of import/fexport fre:ght cars is to be 15 days and that of domestlc
freight cars is to be 11 days. The recursion period of iron ore freight cars is to be 1 day.

9) The percentage of empty cars per freight train is about 35%. Iron ore trains are loaded
only in one way.

Operation Plan

1) Commercial speed of trains

The commercial speed of trains is detcrmi_ned by making a run (performance) cutve,- _
calculating the standard operation time (hours and minutes) and adding stop time, The
results are shown in Table 6-1 and 6-2.
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Tabie 6-1 Commarcial

Speeds of Passenger Tralns

| 2)  Operation plan

{krmvh)
Gurrent Atter improvement
Section ' - o Commercial _ Commercial
) _ Distance (km) | . Hour: min. speed Hour: min. speed
laPaz - Vilaz 845.6 18 h 05" 47 13 h 40 62
laPaz - — Guaqui 108.0 2h13 49 1 h 40 65
LaPaz, — Charana 248.5 4 h 16’ 58 4 h 45' 52
Uyuni .- —  Avaroa o 170.6 3 h 3t 49 2 h 3¢ 68
La F’_az. -3 Cochab. 444 .4 7 h 45 57 8 h 35 52
Cochab. -  Oruro 210.7 4 h33 46 5hi15 | 40
Oruro -~ — R. Mula. 20_8.7 3 h 02 68 2 h 50 74
R.Mula. ©~ —. Potosi 174.3 3 h 51 45 4 h 30’ 39
Potosi = — Sucre 176.3 5 h 35' 31 5 h 20’ 33
La Paz —  Sucre 801.0 16h ~ - 50 16 h 00" 50
S.Cuz - Quifar. 640.1 11 h 49" 54 8 h 40’ 74
8. Cuz-. — Yacuib. 535.5 9 h 15 58 7 h 15 74
Table 6-2 Commercial Speeds of Freight Trains
(kmv/h)
Current After improvement
Section - , o Commercial ' R Commercial
_ - Dlstance (km) | Hoqr. rmn. speed Hour: min. speed
‘Viacha . - Villaz. 803.9 18 h 05" 47 13 h 40° 62
Viacha ~ — Guaqui 65.3 2h13 . 49 1h 40 65
Viacha —  Charana - 206.8 4h1g' 58 4 h 45 52
Uyeni -~ — Avaroa 170.6 3h3v 49 2.h 30 68
S.Pedrc — Cochab. 210.7 7 h 45 57 8h3% 52
R.Mula. - Potosi 174.3 4 h 33 46 5h15 - 490
Potosi - Sucre 175.3 3 ho2 68 2h 50" 74
Guaraca. —» Quijar. . 635.6 3hb5t 45 4 h 30° 39
Guaraca —  Yacuiba 535.5 - 5h35 31 5h20' 33

. Figure 6-1 and 6-2 shiow the numbers of passenger trains and freight trains in each target

year,

Facility imp:ovemcnts,_ihcluding the construction of new signal stations, are necessary in
addition to modemization in the sections where the track capacity becomes insufficicni as a
result of increasing trains. Such improvements will be made in advance in some scctions
in order to cope with the increasing transport demand.
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6-2 Rolling Siock Plan

(1) Roliing Stock Plan

2

1)

2)

3)

Rolling stock for paSSenger trams :

Currently, rail-cars (Ferro Bus) and Iocomonve-hauled passenger trains, (Pasa_;ero) are
used for passenger transport However, they are old and obsoletc and their- operatron
efficiency is low, 'I'herefore. all of them are to be replaced by rail-cars of a new typc (DO).
A passenger train is to consist of 3 cars or 6 cars, A dining car (a scat car wrth the dmmg '
room) is to be connected to every trarn A car with a driver’ s cab is to ‘be on the two ends
of every train. ,

Passenger cars are to havc cloth seats and have a storage and a toﬂet

Every car is to have an engine because trams are operated in graded ]me sectwns The
acceleration at starting is to be 3.25 km/h/s :

Locomotive for frerght cars : : : :
At present 1000 Lype and 900 type locomouves (DEL} arc used for hauhng passenger cars
and freight cars. Since the 900 type locomouves are obsolete, only 1000 type locomotwes
are to be used. The current locomohves are to be gradua]ly replaced by those of multiple-
unit control in ordes o raise the transport efﬁcrency in graded line sections.

1000 type locomotives. (DEL) having the output of 1,140 kW and the pulling force of
about 22,500 kg at srartmg are to be employed for. graded line secuons Multiple
operation should be possible in sharply graded line sections.

At present, 800 type and 500 type locomotives (DHL) are used for shuntmg, but only 8(){)
type locomotives are (o be used.

Freight cars

Freight cars can be cIassrﬁed mto those for 1mport/export and those for domestic cargo
An increase in freight cars should be planned according to the demand in consideration of
the fact that about 1,200 cars among the 2,150 currently used cars can be operated in 2000
and privately-owned freight cars will | increase.

Necessary Number of Rolling Stock and Increasing Plan

- Table 6-3 shows the necessary nur_nber of locomotrves, 'p'assenger cars and freight cars

estimated on the basis of the train-km and car-km of the operation plan.



Table 6-3 Necessary Number of Rolling Stock and Increasing Plan

o - : year) yean i = o (yean | g
Classi- Hoglon Jooooooe 2020
[fleation 3 © . | Necessary | Numberof | Necessary | Numberof | Mecessary.| Numberof | Numberof
: . St riumber | ‘increase number | incroase number increase increase
Western 187 187 285 % 347 - 347
Raglon _ N REETTT R : S :
DeC Eastern . .| -84 | ..  64 : O 1 DR AP 14 IR : I o 81
: Region E ! _ N )
Total 251 @1 | %6 | 15 | 428 6 428
Western 47 o8t 57 % ) 1< S
DELfor | Eastem . |. 15 . 7 | e |l | 4 | 0o
‘mainiine | Region . : AR [ N N I :
Total & 8 o @ o 17 o
Wastern - 3 3 0 7 4 7
Region '
DHLfor | Eastem 2 ] 2 2 0 2 0 2
shunting . | Regon . ). - = | . . L ' '
T T N D N . ]
Forimpory | 1,880 . 690 | 2430 -| 540 3,400 970 2,200
| export cargo : _ R - : .
FC | Fordomestic | 430, | aes | 730 258 1,010 238 859
'Totél o . 2,320 1,056 3,160 : 795 B 4410 1, 2OB 3,059

_Note The number of frelght cars, excluding 1,200 cars for :mportjexport and pnvately own cars for domestic freight
(accountmg for 15% of frelght cars for dome.stlc freight), is glven as the increase of FC

3 Ro]lmg Stock Mamtenance Plan’
The rolling stock management system must be established and testing cquipment machines and
facilities should be improved.

Table 6-4 shows the factories and maintenance centers which are planned by 2010.

Table 5-4 Roliing Stock Maintenance Fact’dry‘ Improvement Plan

 Region . Name. S .7 Maintenancs - 2000 | 2010
' ] Viacha Factory "1 Inspaction and repair of DC, DEL, DHL o
Uyuni Fagtory - ~ " “"{'inspecton and repair of FG - - o
| Oruro Maintenance Genter.~ - . - | Inspéction and repair of DC, DEL o
Westem | La Paz Maintenance Center . Inspection and repair of DG, DEL X
Region . [ Gochabamba Supporting Factory ' ++ . .| Small-scale inspection and repair of all kinds o
| suere Supporting Factory -+ .. |- L o
L .Machacsmarca Supporting Facmgy - (o]
TR Tup}zaSuppomng Faclo!y : B T Lo o
Eastern Guarac_ach: Factory = ) Inspection and repair of DG, DEL, DHL: - - G
Region | Robore Factory _ Inspection and repair of FC ' o

‘Note: O mark indicates the improvement of inspection and repairing facilities.
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