1124 Vehicle Operation Cost Saving o L
(1) Basic Concept

As ientioned in Table 11-2-1, transportation between San Borja and Trinidad during the
rainy season depends on air transportation and water transportation; however, during dry
season, vehicles can circulate along the .whole road section between San Borja and
Trinidad. After the completion of the road improvement project, vehicles will be able
to circulate along the whole road during both seasons. Additionally, the lp.S km

section from Trinidad to the right bank of Mamoré river will be paved with asphali.

Consequently, the difference in vehicle operaiion cosls caused bj alteration of the road
surface conditions will be one of the benefits dusing dry season. On the other hand,
during rainy season, the benefits will be measured as the difference between vehicle
operalion costs on the project road and transportation costs of allernative transportation
modes. At the present, air transportation between San Borja and San Tgnacio (138 kmy),
and water transportation between San Ignacio and Trinidad (84 km) sérve as allernative
transportation means during the rainy season. Only this combination of transportation
means is found in this road section. The cost of this combination of transporiation
means is adopted as the transportation costs during the rainy season in the “without

case’”,

In order to calculate vehicle operation costs from the commencement of services in 2001
to 2020, future traffic volume must be forecasted . In this Study, an Origin-Destination
(0-D) survey was conducted at three points on the project road, as indicated in Figure

11-2-1. Existing traffic volume and estimated future traffic volume are shown in Table

11-2-2.

o Future traffic volume of the project road was projected by estimating traffic based on
the present traffic volume and converted traffic volume.

» Fature traffic volume based on present traffic volume was estimated by a regression
analysis based on the trinomial shifting average of traffic volume data from 1989 to
1995.

¢ Converted traffic volume was estimated by converiing from air transpostation to large
truck transportation of beef and wheat transported between La Paz and Trinidad, which

is estimated based on the analysis in the Phase-I study of the road improvement.
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Table 11-2-2  Future Traffic Volume on (the Project Road by Sections

(San Borja - San Ignacie Section)
] (Unit : vehicles/day)

Year | Passenger Bus Large Bus Small Medium | Large Truck Total
Car Truck Truck

1995 37 3 1 6 - 8 19§ () T4 ()
2001 77 6 2 13 .n 398 @8 154% (8)
2005 115 9 3 19 26 913 21
2010 192 | - 15 5 3l 42 98 i {11)] 383 | (1)
2015 318 25 8 32 69 163 i (IN] 6351 (D)
2020 526 42 14 85 115 270 i (14)] 1,052 i (14)

(San Ignacio - Puerto Yarador Section)
] {Unit : vehiclestday)

Year | Passenger Bus Large Bus Snall Medium § Large Truck Total

Car Truck Truck ]
1995 42 3 . - I5 k) 6i (O THi ()
2001 68 L ) - 25 5 9: (8) 114 ¢ (8)
2005 59 10 . - a2 1 iz: O 150 i (9)
2010 126 14 - 45 9 17: (i) 211 (1)
2015 177 20 - 63 12 25 i) 297 (D
2020 243 29 - . &9 17 35 i (14) 418 § (14)

(Puerto Varador - Trinidad Section)
: {Unit : vehicles/day)

Year | Passenger Bus Large Bus Small Medivm | Large Truck Total

Car Truck Truck
1995 198 7 - 52 12 19§ (0) 288 1 ()
2001 391§ 13 - 13 24 371 (8) 568 1 (8)
2005 500 17 - 132 30 43 i (9 21 E (9)
2010 681 24 - 179 42 65 ¢ {11) 991 i (i1
2015 928 n - 244 57 890 i (2] 1,350 1 (0
2020 1,263 44 - 332 78 121 & (14)] 1,840 i (14)
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Figure 11-2-1 Traffic Survey Points

« Numbers in parenthesis in Table 11-2-2 shows the converted traffic volume calculated
by converling air (ransportation of beef and wheat between La Paz and Trinidad into

transportation by truck.
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(2) Calculation Method for VOC Saving Benelits -

Be=  {Cuor+ Cuos )-Cy
Cuw=  T[}XVOC{) XRD X365 days

Cox = TIPXVOCH)XRD X365 days X%

Cuas= (TIIXVOC[I}XRD X365 days X14) + (AXTC,[f} + BXTCAI])

where;
Be : YOC saving benefits
Cw : Vehicle operation cost in With-case

Cwor  : Vehicle operation cost in Without-case {rainy season)
Cwod. : Vehicle operation cost in Without-case {dry scasen)
Til} : Future traffic volume (vehicles per day)

YOC[I] : Vehicle operation cost by vehicle type and by type of pavement
(Refer to Table 11-2-3)

RD : Running distance (Refer to Table 11-2-4)

A : Number of passengers transported by vehicle
Average number of passengers by vehicle type multiplied by future traffic
volume by vehicle type. (Refer to Tables 11-2-5 and 11-2-6)

TC,II] :Passenger transportation costs.
Passenger transportation costs between San Borja and Tnmdad during the
rainy season are shown in Table 11-2-7 with the site survey results.

B : Cargo volume transported by vehicles between San Borja and Trinidad
(Refer to Tables 11-2-8 and 11-2-9)
B = T{I] X Participation of cargo vchicles X Average live load

TCAI}) - : Cargo transportation costs :
' Cargo transportation costs between San Borja and Trinidad during the
rainy season are shown in Table 11-2-10 with the results of site survey.

Table 11-2-3  Yehicle Operation Cost by Vehicle Type and Pavement Type

Type of Vehidle Type of Parement

Asphsalt Gravel Earih
Passcnger car . 02249 0.4934 0.6778
Bus 02907 | 04648 05860
Large bus 0.5423 0.9511 i.2091
Small trock 0.3335 0.5065 0.6999
Medium trock 0.4028 0.6768 0.8532
Large truck 0.5186 08939 -} 1.1363

Note - k. The above imentioned values are adopted from plain seclions of the road project.
2. The value for carth was estimated by the proportion between the earth value
against that of gravel value shown in the project pian from CONFITAL
CAIHUASI in 1987, )
3. The figures in Asphalt and Gravel were provided by SNC. (Refer o Appendiz)
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Table 11-2-4 Running Distance by Section

Case Type of Pavement | Disfance Section
Without project Earth 221.0km | San Borja - Trinidad
With project oo Oravel 210.3km | San Borja - Plo. Varador
' Asphalt 10.5 km | Pto. Yarador - Trinidad

Table 11-2-5 Average Number of Passengers by Vehicle Type

Type of Vehicle No, of Passengers
Passenger car 4,99
Bus 16.37
Large bus 23,55
Small truck 3.63
Medium truck 3163
Large truck 639

*Figuces were oblained by a survey conducted in this stedy

Table 11-2-6 Number of Passengers Transported by Vehicle Type
(San Borja - San Ignacio Section)
~ ) - . : {Unit : persensfday)
Year | Passenger Bus Large Bus Small Medium Large Total
Car Truck Truck Truck )
200 384 97 - 51 47 61 249 £29
2003 53 145 76 68 94 an 1,333
2010 9538 242 127 112 152 626 2,217
2015 1,586 404 204 188 250 1,041 3,673
2020 2,624 679 357 308 417 1,725 6,110
(San Ignacio - Puerto Varador Section)
o _ - . (Uit : persons/day)
Year | Passenger Bus Large Bos Small Mediom Large Total
Car Truck Truck Truck )
200 339 113 - %0 18 37 617
2003 444 161 - 116 25 76 B22
2010 528 226 - 163 32 108 1,157
2015 833 323 - 228 41 159 1,636
2020 1,237 468 - 323 61 223 2,112
(Puette Varador - Trinidad Section)
. o {Unit : xmoﬂday)
Year | Passenger Bus Large Bus Smatl Medium Large Total
Car Truck Truck Truck
2001 1,951 210 - 373 §7 236 2,857
2005 2,495 274 - 419 108 306 3,662
2010 3,398 188 - 549 152 415 5,002
2015 4,630 517 - 885 206 568 6,806
2020 6312 711 - 1,205 283 173 9,284
Note : * The figures don't include number of persons due to the convented traffic

Table 11-2-7 Passenger Transportation Costs

Section Distance ‘Transportation Mode | Unit Cost
San Borja - San Ignacie 127 km By airplane Us$ 2042
San tgnacio - Trinidad 84 km By ship Uss$ 4.16

Source : Data was colkected by the site survey

Table 11-2-8 Participation of Cargo

Participation (Share in %} 80 %
Small truck 1.17 tons

Average live load Medivm truck 262 tons
Large truck 3.71tons

Source : Dala was odbtained from Q-D survey in this study
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Table 11-2-9 . Volume of Load Transported by Vehicle 'l‘ype

(San Borja San Ignacio Section)

[- .

“Year -

{Unit: lons.'day)

Small 'l‘mck Medium Tmck Large Truck Total
22001 15 45 M 204
2005 22 (4] 219 309
2000 35 110 364 510
2015 61 . 181 _ 603 -390
2020 59 N 1,002 1,402
(San Ignacio - Pucrto Varador Section)
- {Unit: tons/day)
Year Small Truck | Medium Truck | Large Truck Total
2001 29 13 . 33 5
2005 37 18 45 100
2010 53 24 63 140
2015 74 31 93 198
2020 104 45 130 279
{Puerto Yarador - Trinidad Section) : -
{Unit: tons/day)
Year Small Truck Medium Truck Large Truck Total
2001 121 - 63 137 i
2005 154 79 178 ‘411
2010 209 1o 241 560
2015 285 149 330 764
2020 388 204 449 1,041
Note : Figures don’t include converted tralfic cargocs
Table 11-2-10  Cargo Transportation Costs
Seclion Distance Transporiation Mode |  Unit Cost
San Borja - San Ignacio 127 km By airplane Uss214.0
San Ignacio - Trinidad 84 km By ship US$ 1300

Source : Data was collected by the site survey

{3) Resulis of the Calculation of VOUC Saving Benefits

The results of the calculation of benefits by the above-mentioned méthod are summarized

in Table 11-2-11.

Table 11-2-11  Tetal YOC Saving
(Unit : Thousands of US$)

Year Tolal YOC Saving
2001 7,136
2005 9,716
2010 16,712
2015 24,567
2020 38,542
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1825 Travel Time Saving

(f) Basic Cdngépt

Travel time will be'saved by the increase intunning speed resulting from improvement of

 the road surface. . In addition, the con-lptclion'of the project will decrease to zero {0) the

waiting time for ferry boats at the river crossing points, whete ferry transportation is pro-

vided. Bridges will replace ferry transportation over the Maniqui, Cuberene, Apere,

Tijamuchi and [bare Rivers. During the rainy season, the waiting time saving al each

point fluc{uates depending on the situation of the ferry boats; however, in this Study, the

establishment of travel speed was taken into account.

The benefit of travel time savihg is calculated multiplying the total travel time saved by

the personal travel time cost.

(2) Calculation Method for Travel Time Saving Benefits

Travel time saving benefits is calculated by vsing the following formula:

Be =
Ty=
Twor =

Twod =

where;
Be
Tw

{T,,; + Twea} XHC - T, XHC

T X (N-2)XRD X 1/V,,X 365 days X HC

T X(N-2) X Tt X365 days XY

TUJXN-2) X RDX 1/V,o X 365 days X %X HC

: Travel time saving benefits

: Travel time cost in With-case

Twor : Travel time cost in Without-case {rainy season)

Twod : Travel time cost in Withowt-case (dry season)

T

RD

: Future traffic volume by veh'icle type (vehicles per day )

:Average number of passengers indicated in Table 11-2-5.

This number of passengers includes the crew; however, for the calculation
of travel time saving benefits, it must be deducted. - From the results of
the site investigalion, an average of one person per car and two persons per
other types of vehicles were considered as crew members.

: Distance indicated in Table 11-2-4,
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A

HC

Tt

: Travel speed by vehicle type in “with project” cases

: Travel speed by vehicle type in “without project” cases.  The travel speed
was established as shown in Table 11-2-12 by the site investigation, taking
into account the waiting time at the ferry transportation service points.

: Time vatve :
Time value is a conversion coefficient for evaluating time in a monetary
point of view based on conditions shown in Table 11-2-13.  Using these
data, the average salary per capita per hour is calcutated as follows:

AXBXI2CXPHXUDXI/E

Consequently, the time value in Bolivia was estimated in US$0.1254 in
1995. :

: Travel time beiween San Borja and Trinidad during the rainy sedson.
With the resulls of the site investigation, the following travel time between
San Borja and Trinidad during the rainy season was obtainied as shown in
Table 11-2-13.

Table 11-2-12 Travel Spead

(Unit: _km/h)
Type of Yehicle Type of Pavement
Asphalt Gravel Earth
Small 70 50 30
Medium 10 50 30
Large 70 50 30

Note : These figures was assumed by study team referdng lo data provided by SNC.

Table 11-2-13  Conversion CoefTicient for Evaluaiing Time Value

Kems Amount Unit
A | Number of employecs 585,854% | persons
B | Average salary 1,311% Bs/month
C | Weekly working hours 44 hours
D | Total population of Bolivia 6,835¢% 1,000 persons
E | Exchangeratein 1995 47 BsJ/USS
F | Number of weckslyear 52 wecks

Note : ¥ These values were estimated using 1992 data

Table 11-2-14 Travel Time during Rainy Scason

Road Section Trave} Time Transporlation Mode
San Bortja - San Ignacio 0.5 hours By airplane
San Ignacio - Trinidad 6.0 hours By ship -

(3) Results of the Calculation of Travel Time Saving Benefits

The results of the calcutation of benefits by the above-mentioned method are summmarized
in Table 11-2-15,
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Table 11-2-15  Benefits of Travel Time Saving
. (Unil; Thousands of USS)

Year Total Trave] Time Benelits |
2001 * 68
2005 89
2010 141
2013 200
2020 298

11,26 Transportation Cost Saving

(1) Basic Concept

At present, beef is transported from Trinidad to La Paz, and wheat is transported from La
Paz to Trinidad by airplane. In the "withoul project” case, this expensive type of
transportation will continue.  On the other hand, in the "with project” case, 97 % of the
all air transportation will be replaced by land transportation using trucks, due to the con-
tinuous circulation of traffic from Trinidad to La Paz throughout the year. Figure 11-2-
2 schematically shows the relation between the travel distance along the road and the
split of cargo transportation for road transportation. The difference in transportation

costs resulting from the replacement of (ransportation means was counted as a benefit.
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In the casc of beef, “Anilisis del Proceso de Comercializacion de la Carne Bovina del
Departamento del Beni con la Ciudad de La Paz" reports that the Provinces of Ballivian,
Yacuma and Moxos in the Beni Department supply beef continuously to La Paz at a cer-

tain level.

This analysis es(imétes that 99,914 heads of cattle, which is equivalent to 14,142 tons of
beef, were brought to the market of La Paz in 1992. In lhis repott, the propostion of beef
consumption supplied to La Paz by the Béni Department was also estimated as 69.5% of
the total beef consumption of La Paz in 1992, while the past average ré{c was estimated
as 63%. The influenced area of this road was estimated 1o be 34.5% in Phase 1 of the
Study (1987); therefore, about 22% of the consumption of beef in La Paz is expected to
be transported along the project road. Taking those ﬁgme.s. into accognt, ihé beef
volume transported feom the influenced area (o La Paz from 2001 to 2020 is estimated
~according to the estimaled population growth rate in La Paz.

In the case of wheat, the volume of wheat to be transported to Trinidad was estimated
based on the projection shown in the Phase I study repost {1987) and the estimated popu-
lation growth rate in Trinidad. The volume of beef and wheat to be transported between
La Paz and Trinidad is estimated 1o be as shown in Tables 11-2-16 and 11-2-17.

Table 11-2-16 Estimated Volume of Beel Transported to La Paz

_{Unit : tons)

Year Population Growth Rate in La | Estimated Yelume of Beef Lo Be Transported to
: Paz Every 5 Years (%) La Paz from the Inflveaced Area in Beni

2000 19.66 ' 12,207
2005 18.10 : ] 14,416
2010 16.40 ' 16,781
2015 . 1541 19,366
2020 J3.84 22,046

Table 11-2-17 Estimated Yolume of Wheat Transpertcd to Trinidad

{Unit : tons)
Year Population Growth Ratein La | Estimated Volume of Wheat to Be Transported
Paz Every 5 Years (%) to Trinidad from La Paz
2000 2157 . 10,361
2005 19.86 . 12,418
2010 17.99 - 14,653
2015 1690 ‘ ‘ 172,129
2020 _ 15.19 ' ~ 19,731
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(2) Calculation Method of the Transporlation Cost Saving

Be= TC,-TCu |
TCy= (TVy+TV.)X UDXACXAT

TCuo = TV X097 X VEXVOCHI XFXRD + TV, X0.97 X I/GX VOC{] XRD
+ (TVe XTV I X003 X I/DXACKAT

. where;
Be
TC,
Tewo
TV
TV

AC

AT

VOL[l):

RD

: Transportation cost Benefits

: Transportation costs in “with project” cases

+ Transportation costs in “without project” cases

: Volume of transported beef

: Volunie of transported wheat

: Avemge freight of airplanes (Refer to Table 11-2-18)

: Unit cost of air transpoitation

Unit cost of air transportation was obtained from the National Depart-
ment of Roads in Trinidad, as shown in Table 11-2-19.

: Flight time required (3 hours)

: Average load of a refrigerator car

After the completion of the project road, beef will be transported by land
and refrigerated trucks will be needed.  The results of on-site
interviews with drivers of refrigerated trucks show that each vehicle can
be expected to carry 10 tons,

VOC unit
Of the YOC by vehicle type shown in Table 11-2-3, the VOC of farge
vehicles is applied to refrigerated trucks.

: Conversion factor to determine the VOC of a refrigerated truck

The VOC of a refrigerated truck is expected to be more expensive than
that of an ordinary truck.  Based on the resuits of interviews with ex-
ecutives of a private manufacture company of refrigerated trucks, the
following conversion factors were chosen:

Refrigerated truck loaded with 10 ton of beef : 1.4

: Transportation distance between La Paz and Trinidad (595 km.)

: Average live load of cargo vehicles

1.8 tonfvehicle and 4.5 ton/vehicle were adopted as the average live load
for wheat and beef, respectively, based on the results of the site investi-
gation,

Table 11-2-18  Average Load Transported by Airplane

Road Section Product Amount
LaPaz - Tenidad Wheat 1.8 ton/plane
Trinidad - La Paz Beef 4.5 ton/plans

© ' Source : These figares wese obtained by site survey
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Table 11-2-19  Unit Cost of Air Transportation

Road Section Product Value
LaPar - Trinidad Wheal Us$ 2140
Trinidad - LaPaz Beef US$ 1280

Souree ; These figures were obtained from SNC in Trinidad

(3) Results of the Calculation of Transportation Cost Saving Benefits

The results of the transportation cost saving benefits calculation using the above-men-

tioned transportation inodes are summarized in Table 11-2-20.

Table 11-2-20 Transportation Cost Saving Benefils
{Unit: Thousands of US$

Year Beef ‘Wheai Tolal Saving
2001 1,344 1,404 - . 27148
2005 1,557 1,608 3,165
2010 1,841 1,871 3,718
2015 2,157 2,169 4326
2020 2491 2475 4,566

1§.2.7 Benefit of Income Generated by Development

{1) Basic Concept

After the completion of road improvement, access from Trinidad and San Ignacio to La
Paz will be greatly improved and the volume of agricultural and forestal products such as
rice, banana, yuéca, wood, elc. lransportéd inte La Paz, the largest center of consumplion
in Bolivia, will increase. The volume of other agricultural products in Beni
Department, such as cacao, fish and sugar cane are also expected to increase; however,

they are not dealt with in this analysis because of a lack of detailed data or information.

(2) Estimation Method for the Calculation of Income Generated by Development
Be=K XPX Xj

Be : Benefits generated by development, representing producer’s income
tesulting from a price increase in agricultural products. C

K :Volume of products transported to La Paz from the area affecled by the
project, as summarized in Table 11-2-21. This volume was estimated
based on an analysis conducted in phase 1(1987) regarding the volume of
banana, rice and yucca transposted to La Paz from Trinidad. The volume
was estimated according to the increase in population in La Paz, which is
the main destination of products.
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P :Price of each product.

Xj :Percentage of profits relative to consumiér prices.  The percentages adopted
' for banana, rice and yucca were 66%, 50% and 66%, respectively, based on
the results of interviews in La Paz.

Table 11-2-21  Volume of Products Transported to La Paz

_ (Unit : tonsfyear)
Year Rice Banana Yucca
2001 4,802 -~ 13,606 14,807
2005 5413 15,508 16,876
2010 6,371 18,051 19,644
2015 7,353 20,812 22,671
2020 §,370 23,716 25,809

(3) Results of Devel'opment Benefits

Table 11-2-22 shows the results of the eslimated development benefits,

Table 11-2-22 Results of Development Benefits
(Unit: Thousands of US$)

Year Agricultural Development Benefits
2001 734
2005 926
2010 1,048
2015 1,211
2020 1,382

11.2.8 Ferry Cost Saving Benefits

Six main rivers (Maniqui, Cubcrene, Apere, Tijamuchi, Mamoré and Ibare) and other

small rivers cross the project road. At presen

1, ferry transportation services are

provided at the crossing points over four main rivers and over Los Puentes.  After the

completion of the project, all ferry services except the one for the Mamoré River will be

closed. Road users will not have to pay a tariff in the “wilh project” case, except to

cross the Mamoré River. This saving on ferry transporiation costs is considered one of

the benefits of the project. The tariff for cach river's ferry transportation service is

shown in Table 13-2-23, The estimated benefits of ferry transporfation cost saving are

shown in Table 11-2-24,
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Table 11-2-23 Ferry Transportation Service Tariffs

. . - - . (Unik: Bs)
Case Type of Maniquit | Cuberene | Apere || Tjamuchi | - Los. | Mamoré { Ibare*
Vehicle : i

 Passenger car Sl 25 3
Without | Wagon 25 IO S S T
project | Bus, truck 20, L8020

Trailer 25 80 25
With | Spall 9. L9 N of....2 9
project | Modium : Ol O 0 29l of....20..9

Large ' 0 0 0 0 80 0

Note :* The bridges over the Maniqui and Ibare Rivers will be completed in 1993, Fox this evalualion, their tariffs were

established on the same level as other places.

Sousee : The higures shown above were obtained through intetviews at each ferry point.

Table £1-2-24 Ferry Transportation Cost Saving Benefits
i Unit: Thousands of USS)

Year Maniqui | Cuberene | Apere Tijamuchi | Los Puentes | Mamoré Ibare
2001 51 51 k] 56 56 0 373
2005 69 69 69 75 75 0 s03
2010 99 99 99 107 107 Q 718
2015 131 131 111 141 14} Q 946
2020 176 176 176 191 131 Q 1,282

11.2.9 Maintenance Cost Saving

Gravel road maintenance costs are lower than maintenance costs for earth roads. How-
cver, extra maimenahce costs will be incurred for inundated sections, where a few main-
tenance works have been carried out up to this time, during the rai'ny season. Therefore,
in this Study, the difference in maintenance cost between mud roads and gravel roads is
nol counted as a benefit. However, for the section from Puerte Varador to Trinidad,
which will be paved with asphalt, maintenance cost saving can be taken into account.
Maintenance cost saving of the Puerto Varador-Trinidad seciion was estimated a_c.cording
to figures obtained during the Feasibility Study of the Pavement Project of the Access
Road from Trinidad to Puerto Varador (“Proyecto de Pavimentacién de. la Via de Acceso
de Trinidad al Puerto Varador”) carried out by CORDEBENI in 1993, Annuél mainte-
nance cost saving is converted using consumer price increase rates, which are shown in

Table 11-2-25.

Table 11.2.25 Annual Maintenance Cost Saving
{Unit: Thousands of USS)

Year With Project Case | Withont Project Case | Malntenance Cost Saving
1994-2013 76,620 275036 198416
1995-2020 215,331
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1£.2.10 Economic Cost -

Economic project costs for the econonmiic evaluation were calculated by deducting taxes
from the project costs es'limated in Section 11.1. For the evaluation, the construction
costs of seven bridges, which have been already completed or will be completed by 1DB
or USAID, were included as project costs. Annual economic costs during the construc-

tion period are shown in Table 11-2-26,

Table 1i-2-26 Economical Costs
: . ' {Unit: Thousands of US$)

Financial - Economical Costs
Year Costs Economical | Construction Costs Total
Cosls of 7 Bridges
1997 10,696 8,350 5436 13,786
1998 17,555 13,672 - . 13,672
1999 18,535 14,439 - 14,439
2000 11,217 8.832 - 8,832

11.2.11 Eceonomic Evaluation Results
The evaluation results by evaluation indicator are as follows:
«IRR :2232%
« NPV :US8$53,018,334.-
«B/IC :235
The above-mentioned evaluation results indicate that the project is feasible.
11.2.12 Sensibility Analysis
A sensibilily analysis was conducted for the fluctuation of total costs, from 10% ta 30%,
and total benefit, from -10% to -30%. The results of this analysis are shown in Table
11-2-27.
Furthenmore, in the worst case of a 30% cost increase and a 30% benefit reduction, IRR

remains 14.519%, which means that the project is still feasiblc enough to execute. This

means that the project is still feasible, given the 12 % IDB interest tate.
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Table 11-2-27 Sensibility Analysis Results

(RR)
(Unit: %)
Cost Benefit
0% -10% -20% -30%

0% 2232 20.84 19.21 12.58
10% 20.98 19.57 18.05 1643
20% 19.8) 18.44 16.99 1541
0% 18.76 1744 | 1603 14.5%

(NEV) c
(Thousands of US$)
Cost Benefit -
0% -10% . ~20% -30%

% 53,018 | 43792 | 34567 | 35341
10% 49,094 | 39868 | 30642 | 21417
20% 45170 | 35944 | 26718 | 17,492
30% 41,246 { 32,000 | 22,794 | 13,568

11.2.13  Sumnmarized Benefits and Costs

The swnmarized benefits and costs of this project are shown in Table 11-2-28,
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CHAPTER 12 CONCLUSION AND RECOMMENDATION

12.1  Conclusion

" The road between San Borja and Trinidad is an important section of National Road No3.
conneeting a major center of production with Bolivia®s capital, La Paz, the country’s ma-
jor center of consumption. In the rainy season, 50 km of the road near Trinidad
becomes flooded and impassable, while in other sections vehicles cannot pass easily
because of the bad conditions of the road surface. Therefore, improving the road will
not only develop the Beni Department’s farming and livestock industries, but will also
facilitate the transport of products, thereby increasing the population and promoting the

development of this area.

This project will be financed by international organizations like IDB, which require that
an environmental assessment be conducted before releasing funds for any project.  This

study was underiaken to meet this requirement.

Il improvement of this road is realized according to the design in “The Study of Road Im-
provement Between San Borja and Trinidad (Phase II)” and adequate assistance is pro-
vided by the relevant governmental organizations, it will be possible to make this road
passable all year, and thereby provide direct and indirect economical benefits. At the
same time, the tikelihood of adversely affecting the environment will be minimized. Of
course, after completion of the road improvement work, it will be necessary to monitor
potential problems such as illegal cutting of woods, indiscriminate hunting of wild ani-

mals, and conflicts between natives and owners of stock farms or new settlers.

This study considered the positive and negative impacts of road improvement on the

environment assuming completion of the road according (o its design.
Our conclusion was that road improvement would be possible only if the design were

altered somewhat, certain countermeasures were implemented, and impacls were moni-

tored after completion of the work.
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12,2

12.3

124

Results of Consideration of Environmental Aspects

During the environmental impact study, real conditions during both the dry scason and
the rainy season were considered. In addition, a wide range of effects were considered,
including those on the natural environment, those on the economic activities of
communities, and those on ruins near the road.  As explained above, sonie negative
effects of road improvement can be foreseen, but this study concfudcd that they would
not be 1eo serious. Nevertheless, because of the importance of the flora, fauna and
forests of this area, in parlicular to the native people living here, we proposed some
nueasufes to monitor and protect the environment. By minimizing the negative aspects,
such measure would highlight the positive effects of improving this road, a project which

would greatly promote the development of Botivia as a whole.
Results of Consideration of Economic Aspects

The results of our study of the economic impact of the project indicate that it will be nee-
essary to install eco-roads and road signs to promote environmental protection, to hire
monitors to prevent the illegal cutting of woods, and to measure air quality and noise lev-
els on a regular basis. Moreover, our study considered the feasibility of the project, tak-
ing into consideralion project costs including the costs of the above-meantioned measures
and comparing these to the benefils to be derived by road improvement.  The results in-
dicated that the road improvement project was feasible after applying IRR, B/C, and
NPV analysis methods..

Recommendations

To limit the negative aspects of improvement, the above tecommendations are indispen-

sable.

(1) Protection of Fauna and Flora

Cultting trees near the road (100 m from the center of the road on each side) as per the
ptan will adversely affect vegetation in the area.  In particular, if the forests of the EBB
where wide variely of flora and fauna live, the Yacuma National Park, and in the

protecied area of Chimanes ate cut, the negative environmental impact will be great
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indeed. Thercfore, to protect the flora and fauna, the original ptan should be changed to
minimize the number of trees to be cut during the work, and to prevent any culting in the

area between the Maniqui and Apere Rivers.

To decrease the number of traffic accidents involving for animals, tunnels that will
permit animals to cross safely must be constructed, and road signs that will warn drivers
of crossing animals must be posted: In addition, artificial ponds formed by side-

borrows wil have to be preserved as habitats for fish and aquatic fowl.
Finally, after the project is completed, monitoring of the entire area will be required.
(2) Prevention of lilegal Deforestation and Poaching

DBlegal deforestation amd poaching will likely be promoted by road improvement.
Therefore, the Ministry of Sustainable Development and Environment will have to im-
plement concrete measures to prevent such activities.  Such measures may include es-
tablishing a local office in Beni Deparlment or the Public Corporation of Forests, and hir-
ing guards to patrol the area. This responsibility should not be passed on to local

entities.

(3) Prevention of Conflicts Between Inhabitants about Land Ownership
It is expected that conflicts between inhabitants wilh respect to land ownership will in-
crease, especially with the arrival of new seitlers.  To prevent such conflicts, it will be
necessary to force local residents, especially the natives in the area, to register their own-
ership with the relevant osganizations. -

(4) Increase of Land Prices

Another possible indirect impact of the project is an increase in fand prices. To prevent

this, the relevant authorities will have (o pass special capilal gains tax regulations.
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(S) Environmental Protection Near Urban Areas

Although serious problems are not foreseen, the use of machinery and dump trucks
during the work will have to be strictly controlled to prevent air pollution and noise, and

gasoline and oils will have to be carefully controlled to prevent water pollution,

In addition, signs will have to be posted to prevent traffic accident on the road, the roads
near communities will have to be filled to make then level with the main road, and a
periodic sprinkling will have to be done to prevent excessive dust in the air in urban

centers, especially during the dry season.

After the work is completed, air quality and noise will have 1o be monitaced (at least

once every two years) in urban centers such as San Borja, San Ignacio, and Trinidad.
{6) Conservation of Ruins and Cultural Propeities

During the construction period, periodic insj)cclions should be conducted by experts to

prevent the destruction of ruins by side borrows work..
{7) Others

Once the most suitable species of plant for sodding the slopes is selected, it should be as
work on the road progresses.,  Culvert inlets and outlets should be protected by concrele

to prevent soil erosion,

Additionally, after the completion of the road improvement work, periodic inspections of
slopes (erosion, possibility of breakage, ete.,) and drains should be conducted twice a
year, once in the rainy season and once in the dry season). If any part collapses, repair

work must be done immediately.
An improved road will be beneficial for a number of reasons. To realize the full

benefits of this project, the following plans should be done by the relevant

organizations :

12-4



(@ Improvement of medical facilities
A new hospital should be constructed in San Ignacio and a sufficient number of doc-
tors and nurse should be hired.
@ Improvement of educational facilities and availability of teachers
Educational facilitics should be improved and a sufficient number of teachers should
be hired.
(@ Promolion of regional industry
* Promotion of timber industry
To prevent iilégal deforestation, the timber manufacluring industry should be sup-
ported and carefully monitored.
. Utilizatidn of tourism resources
To zattract tourists to the Beni Biological Station, Yacuma Regional Park, etc., low
interest foans and special tax privileges should be granted to restaurants and hotels
along the project road.
@ Periodic investigations for the conservation of fuins
To prevent the destruction of ruins by the construction of private roads and houses,
the movement of animals, and cultivation, as well as to discover new ruins, periodic

investigations should be conducted by the relevant agencies.

Summary of environmental assessment in this study is shown in Table 12-4-1.
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