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PRDFACE
 

This report is submitted in response to Project Implementation 
Order 306-AD-31-AD-2-2-30047 issued by the United States Agency for 
International Development 9 March 1963 to the Chief of Engineers, 
U.S. Army, Washington, D. 0. Requirements for the investigation
 
and report aro quoted from parts of the aforesaid documont2 

uThe Corps of Engincors will furnish the necessary 
number of qualified personnol, oquipment and materials to 
mako the roquired topographic and drainago survey, and to 
carry out all such othor stops nooossary to establish the 
proper and most economical location of the road and to 
propare the proliminary design and reasonable firm osti­
mates of costs of construction of the road. All such 
activitios shall be carried out in accordanoo with gonor­
ally accepted engineering practices. Cost estimatos shall 
be prepared under tho assumption that an Amorican construc­
tion contractor will be omployod, and that all comont, stool, 
asphalt if required, construction equipment and administra­
tive and supervisory services will nood to be procured out­
side of Afghanistan. It is to be assumod that adequate 
common and semi-skilled labor can be obtained in Afghanistan. 
A detailed report shall be prepared and submitted to USAID 
Afghanistan for presentation to the Ministry of Public Works 
for consideration and further action. Such report shall be 
sufficiently detailed and comprehensive to serve as a basis 
on which an AID Loan Application can be completed and pre­
sented and to satisfy Sec. 611 of the Foreign Assistance 
Act of 1961. Prior to final preparation of said report a 
preliminary draft shall be submitted to AID/W for review. 
Subsequently, 25 copies shall be prepared - 5 each for 
AID/y, 0 of R, RGA, and USAID/A." 

Conduct of the investigation and preparation of the report was 
assigned to the Division Engineer, Mediterranean Division, U. S. 
Army Corps of Engineers, Leghorn, Italy. The economic feasibility 
portion of this report was furnished by the U.S. Country Team in 
Afghanistan. Oriteria for the roport is set forth in Chapter 1K 
of Manual "Feasibility Studies Economic and Technical Soundness 
Analysis Capital Projects", dated June 1, 1962 by Dept. of State, 
AID. A summary of the principal features and findings of the 
investigation follows. 
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REPORT ON FEASIBILITY OF EPROVING HIGWAY 
FROM B5RAT TO AFGHANIST.I-IRTIAN BORDER 

NTRODUCTION 

A consideration of the economic feasibility of constructing a 
modern highway from the City of Herat in-northwestern Afghanistan 
to Islam Qala on the Iranian border must be viewed in the light and 
context of the history and objectivesof the USAID program for 
economic and social development in Afghanistan and commitments made 
to the Royal Government of Afghanistan for such assistance. 

Although U.S. assistance to Afghanistan actually started in
 
1950, the grant aid provided from that year through 1955 was only
 
token in nature. Major U.S. grant aid began in 1956 in support of 
the development of air transportation. Increased assistance con­
tinued into 1957, the year of preparation of the First Five Year 
Plan for economic development, a plan designed to provide for a 
firm foundation on which the future economy of the country could 
be built. Included was the construction of a country-wide modern 
highway network that would eventually provide connecting links 
between the major cities and with the borders of Pakistan and the 
Soviet Union. It is to be borne in mind that at the time this 
decision was taken, most roads of Afghanistan were little more 
than animal trails. Furthermore, the country is completely land­
looked, has no navigable rivers nor railways, and with the nearest 
port of sea entry being.Karchi, Pakistan, a distance of about 1125 
kilometers from Ohaman, the closest border point in Pakistan. It 
was clear that, without the construction of a basic highway system, 
it would be almost futile to undertake a long-range economic and 
social development program. The successful development of agri­
culture and industry,, basic objectives of the AID program, is 
dependent to great extent on the ready and free movement of goods 
both internally and to border outlets. The movement of imported 
goods, on which Afghanistan must depend to a large extent, demands 
a modern road system over which these goods can move swiftly and 
economically to central distribution areas. Furthermore, a basic 
road communication system throughout the country has considerable 
internal political and social significance, factors which are in 
line with US objectives. This is demonstrated by a freer movement 
of people and easier and more frequent contact of government officials 
with the remote areas resulting in a greator feeling of identity on 
the part of these people with their government. Without a ready and 
free communication of people, both internally and externally, social 
advance and political cohesiveness will be restricted. 

Under the First Five Year Plan, the U.S. agreed to provide
 
assistance in the form of commodities, equipment and technical
 
advice on construction of that portion of the highway network in
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the southern part of the country that would connect the major cities 
of Kabul and Kandahar and which would continue on to Spin Baldak on 
the Pakistan bbrder where a railway connects on the Pakistan side at 
Chaman. In addition, agreement was reached to provide advice and 
assistance in the paving of the highway from Kabul to Torkham on the 
Pakistan border. Under the Second Five Year Plan, which started in 
1962, the Royal Government of Afghanistan proposed to construct a 
road from Herat to Islam Qala on the border of Iran. This would 
put the final links in the overall highway system and give 
Afghanistan ready access to both Iran and Pakistan.
 

Subsequent to the presentation of the Second Five Year Plan,
 
a series of meetings were conducted between Royal Government of
 
Afghanistan officials and the USAID/Afghanistan Director to dis­
cuss their proposals and consider those elements of the Plan that
 
might qualify for US assistance. The assistance of the US Govern­
ment was offered in the form of a grant to perform the engineering 
work and a loan for the actual construction of the Herat-Islam Qala 
road, providing a loan application is received from the RGA and 
favorably acted upon. 
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SECTION I: SIMMARY
 

1. Location, Nature and Extent of Proposed Work. 

The work proposed in this study consists of providing an
 
all-weather highway to replace an existing, substandard and fre­
quently impassible road between the City of Berat, Afghanistan and
 
the Iranian border. The improved road, approximately 124 kilometers 
long, will follow with minor straightening the northernmost-align­
ment of two existing roads for approximately 75 kilometers, and the 
remaining 49 kilometers will follow a new alignment. A regional map 
and a vicinity map of the area are shown on Plates Nos. 1. and 2, 
respectively. 

2. Relation to Other Highways or Transportation Facilities.
 

The highway will connect in the outskirts of Herat with
 
the Afghanistan National Highway System now under construction.
 
When the system has been completed, a continuous cross-country
 
highway will be achieved which will connect the major cities of
 
the country and eventually become an important transportation link 
in a transcontinental highway across southern Asia. There are no
 
other transportation facilities in the country except air transport
 
which is presently being improved and expanded.
 

3. ]Wajor Features of Design.
 

The proposed improvements include a gravel surfaced road­
way 5.52 meters wide on a raised embaniment, where necessary to 
provide drainage, and of sufficient width to provide shoulders 1.2 
meters wide. Inoluded in the proposed improvements are one structural 
steel bridge to cross the Hari River and three reinforced concrete 
bridges to cross deep washes. 

4. Prior Reports. 

Data contained in report "Basic Data on the Economy of 
Afghanistan" U.S,. Dept. of Commerce 1962, was used in the prepara­
tion of this report.
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SECTION II: ECONOMIC ASPECTS AND BENEFITS
 

1. Position of Project in Overall Program 

a. Present Highway System: In 1957 the First Five Year 
Plan for economic development was prepared which included initia­
tion of a construction program for a country-wide network of 
modern highways. The Second Five Year Plan starting in 1962 con­
tinued the highway construction program. Considerable work has 
been accomplished under the Plans as the result of aid grants from 
the United States Government through the Agency for International 
Development (formerly the International Cooperation Administration) 
and from the Soviet Government. The present highway system in 
Afghanistan, thus, consists of completed segments of modern high­
ways connected by segments of improved sub-standard roads and by 
segments of still unimproved roads. Modern highways have been
 
constructed between the following points-

Kandahar to Spin Baldak on the Pakistan border - 105 kms. 

Kabul northward - 64 kms. 

Kabul to Torkham in vicinity of the Khyber Pass - 130 kcns. 

Shindand to Chehil Dukh Taran on the Soviet border-220 Kms.
 

In addition, the highway between Kandahar and Kabul, a distance of
 
482 kilometers is presently under construction.
 

b. Present Transportation Systems other than Highwaysa
 
Afghanistan is a landlocked country with neither navigable streams, 
pipelines nor railroads except for a 10-km spur-line from Kushka, 
USSR. Highway and air transport are the only available transporta­
tion facilities. A modern highway system is considered more
 
flexible to the needs of the country than railroads and construe­
tion of such a system would preclude the necessity for constructing 
railroads except for short extensions into Afghanistan territory 
from railheads in neighboring countries. Construction of airports 
and attendant facilities and furnishing aircraft represents a 
major portion of the foreign assistance programs for the country. 
Modern international airports have been constructed at Kabul and 
Kandahar under the First and Second Five Year Plans, as well as 
operational airports at Herat, Kunduz, Jalalabad and Mazar-i-Sharif. 
Daily.domestic service is maintained and regular scheduled inter­
national flights are made to Tehran, Beirut, Frankfort, New Delhi
 
and other points.
 

c. Extent to which Inadequacies of Transport are Retarding
 
Economic Growth; Afghanistan is still in the first -stages of ' 
economic and social development. The lack of adequate means of
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transportation in the past, both within the country and to other 
countries, has resulted in an economy at the bare subsistance level
 
because there is no incentive to produce in excess of that which
 
could be transported to a nearby market. The successful development
 
of a sound agriculture program and the establishment of an industry
 
even on an initial small scale is vitally dependent on access to
 
adequate transportation facilities. The movement of imported goods,
 
important to the social and economic development of the country,
 
must also depend on rapid and economical means of transportation.
 

d. National Program for Highway levelopment and Priority 
of Project Within the Program: The National Program for Highway
 
Development is set forth in the First and Second Five Year Plans 
which provide for a basic network of highways approximately 2100
 
kilometers in length as follows:
 

Kabul to Torkham on the Pakistan border.
 

Kabul to Kandahar. 

Kandahar to Spin Baldak on the Pakistan border. 

Kabul to Qizil Qala on the Soviet border. 

Kandahar to Chehil Dukh Taran on Soviet border via Herat.
 

Herat to Iranian border via Islam Qala. 

Construction has been started on all these highways except for the 
Herat to Iranian border highway, which is the subject of the study 
reported herein. Some segments of the above highways have been 
completed as noted in Para la. Assistance is now being furnished 
by the U.S. Government for tho construction of the first.two 
highways listed above which are located in the southern region of 
the country. Assistance was also furnished by the U.S. Government
 
to construct the Kandahar to Spin Baldak highway now completed.
 
The government of the USSR is providing the assistance for constructing 
the two highways which extend to tho Soviet border. The improved 
Herat to Iranian border highway was proposed for the Second Five 
Year Plan and will provide a necessary additional international link 
with the national highway system. For this reason, planning for 
this project has top priority over other contemplated highway 
projects.
 

2. Relation to Other Transport Systems,
 

Distribution of Traffic Among the Various Types of 
Transport: The only other available transportation system in the
 
country is air transport. Although there is an operational airport 
at Herat, there is no direct air service at the present time from 

a Herat to points outside Afghanistan. The improvements proposed 
herein would stimulate an increased flow of vehicular tiaffic but 
would have little, if any9 effect on present air traffic at Herat. 
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3. Availability of Vehicles and Operating Porsonnelg 

a. In accordance with vehicle registration data furniehed 
by a representative of the RGA Einistry of Planning, the total of
 
registered vehicles in Afghanistan at the end of 1962 in round
 
figures included approximately 10,000 trucks, 1400 busses and 700
 
private passenger vehicles and taxis. In addition, it is esitmated 
that Foreign hissions, business organ-izations and contractors 
operate another 600 to 750 passenger vehicles and approximately 200 
trucks. Approximately 70%o of all vehicles operate in the province 
of Kabul, 15% each in the provinces of Herat and Kandahar and the 
remaining 15%2 is distributed over the other provinces. Accordingly, 
it is estimate that the number of vehicles in the Herat province at 
the end of 1962 amounted to 800 trucks, 210 busses and 100 to 150 
passenger vehicles. Afghanistan has been devoting, in resent years,
 
a sizeable portion of its foreign exchange reserve for the import
 
of motor vehicles, primarily trucks, of which 3152 were imported 
during the period of the First Five Year Plan ending 1961. Thus,
 
the First Five Year Plan promoted a yearly averago growth in the
 
number of trucks registered of approximatoly 9o.
 

b. This year a transport equipment loan of between 2 and
 
5 million dollars has been authorized by the United States. The 
loan will be used for the purchase of cargo trucks, spare parts,
 
tires and lubricants. It is believed that Afghanistan will 
continue to give high priority to the import of cargo-carrying
 
typo vehicles to accommodate the goneral trends of its increasing 
production and the increasing import and oxport activities. 
Operating personnel for current traffic demand is adoquate in 
number and experience and it is belioved that all future increased 
demand for operating personnel can be met by the continuing and 
substantially successful efforts to increase available operator 
forces in anticipation of rising demand. 

4. Maintenance Facilities­

a. The overland transport effort in the country already 
severely taxod by numerous sub-standard roads is further handi­
cappod by the acuto lack of adoquate maintenanco shop facilities 
and the innumorable difficulties attending the procurement and 
maintaining adequate spare part stocks. Tho reason for this lack
 
of maintenance capability stoms from the very lato date at which
 
the country bogan to rooriont itself towards development of roads
 
and overland transport facilitios improvoments. 

b. It is evident that the dovalopmont of a system of 
overland highways will, with the inrceasod number of highway trans­
port vehicles, increase the domand for vehicle maintonance capa­
bility, but it may also be anticipated that the dovolopmont of
 
overland road nets will tend to eliminate many of the current 
impedimonts attending maintenance requirements. The now highway 
net is bound to promote governmontal and private efforts to procure 
modern transport equipment and, as their number will increasingly 
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replace the presently poorly maintained equipment, a more orderly
 
and predictable effort to mgintain spare parts stocks will facili­
tate the future maintenance task.
 

c. Recent and current sizable road construction activities
 
have furnished proff that1 given the opportunity for on-the-joh
 
training as provided in these undertakings3 local labor can '
 
readily be trained in the necessary skills required to satisfac­
torily operate and maintain transport as well as heavy construction
 
equipment. It is therefore believed that in all aspects of mainm
 
tenance endeavour the current difficulties connected therewith will
 
be overcome as improved highways will promote the up-dating of
 
transport equipment, a better flow of maintenance tools and spare
 
parts and further ease the short supply of trained maintenance
 
personnel.
 

5. Fuel: Petroleum explorations have been made principally 
in the northern areas of Afghanistan but the results of the explora­
tions are not known. There is no petroleum production in the country 
at the pesent time. However, POL products are readily available ­

and are obtained from Iran, the Soviet Union and through Pakistan. 
The price differential f6r these products favors Iran as a supplier 
but existing transportation facilities favor the Soviet Union. It 
is'believed that Iran becomes the major supplier of POL products 
to Afghanistan in the event transportation facilities between the 
two countries were improved. 

6. Effect on Development in the Project Area: 

a. Existing Roads: The proposed improved highway is located 
in the valley of the Hari River which rises in the mountainous central 
region of the country and flows westward past Herat, turns northward 
at the Iranian border and finally disappears in the desert area of 
Turkmenshaya SSR. There are two existing roads which follow the Hari 
River Valley from Herat towards Islam Qala, Those roads join at a
 
point approximately 3 kilmmeters east of Islam Qala. The southernmost
 
road crosses the Hari River at a point approximately 28 kilometers west 
of Herat and follows the south side of the valley while the northern­
mTst road follows the north side of the valley and crosses the Hari
 
River approximately 75 kilometers west of Herat. The northernmost
 
road has been given preference for improvement on the basis of economic
 
and engineering considerations.
 

b. Description of the area: The valley of the Hari River 
consists of relatively flat, semi-arid desert country. Vegetation 
in the area is confined primarily to the vicinity of the river where 
extensive irrigation systems permit cultivation on both banks. 
Land on the northern and southern edges of the valley is semi-arid 
with brush vegetation which is used for fuel and sufficient grass 
after winter and spring rains to permit grazing. The area has a 
scarcity of rainfall with an annual average of 186 mm (7.3 inches) 
measured at Herat over an eight-year period. Rainfall occurs 
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mainly between December and March. infrequent rain storms of high 
intensity may be experienced. Summers are dry and hot with daily 
maximum temperatures ranging from 30 to 40 degrees 0. (86 to 104 F.). 
Average daily minimum temperatures of 0 degrees 0 (32 degrees F) 
occur during the winter months and some snow and frost may occur. 
During the months My to August the area is subjected to high winds, 
known locally as the 120-day winds. 

c. Agriculture: Grains and livestock are the principal 
agricultural commodities produced in the area; however, considerable 
quantities of rice, oilseeds, olover, fruits and nuts are also
 
grown. A silk industry is being developed in the Ghurian Section.
 
Wheat is the most important grain crop followed by rice, corn and
 
barley. Some cotton is produced and the Royal Government of
 
Afghanistan has plans to greatly increase production of cotton in
 
the Herat Province during the next few years. Sheep and goats are 
the most important livestock raised in the area, and some cattle
 
are raised where sufficient and suitable grazing land is available. 
Agricultural production statistics for the area are not available. 
Estimated annual production in the Herat Province for the following
 
commodities aroz
 

77heat 200,000 LJatrio tons 
Rice 8000 " l 
Corn 75,000 t 

The livostock population of the Province in 1962 totalled, 

Sheop and Goats 4,600,000 (Excl larakul sheep) 
Cattlc 360,000 
Karakul sheep 700,000 

Thoro are no agricultural processing industries in the area. 

d. Zndustrios: Thore are a number of'small-scale indus­
trial establishments in Erat. Manufactures include- spinning, 
weaving and finishing of textilos3 knit goods, carpots, leather 
tanning and manufacture of loathor goods; soaps pottory3 metal 
goods3 furniture and confostions. 

o. Population: A census of the population of Afghanistan 
has nover been taken. Howover, a rocont U.N. population sampling 
made in the City of Korat, including the town proper and villages 
in the Herat Municipalityp indicated a population of 87,500. The 
population of Herat Province is ostimated by the Royal Government 
of Afghanistan at approximately one million. Herat is the largest 
city in the province. 
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f. 2stimate of Volume of Exnortable Surplus Commodities. 
a in acnraisal of the anticipated economical development in the Eerat 

province is rendered difficult for lack of statistical records
 
pertaining to past experience in the Area. On a national basis
 
efforts to develop statistical records on economic activities have 
been made to initially record the impact of the first 5 year plan
 
on the national economy of Afghanistan. Abstracts of these records,
 
as contained in an analysis made by the UNi economic mission to
 
Afghanistan, are included hereunder, to refect general trends and
 
to permit their use for an estimate of future trends. 

TABLE A 

Broduction (in'000 tons) 

1956/57 1957/58 1958/59 1959/60 1960/61
 

Foodgrains ...... 3,449 3,250 3,544 3,622 3,676 

Commercial cr6ps -.. 137.0 153.0 176.0 186.0 193.0 

Fruits . .......... 248.0 248.0 270.C 25C.C 305.0
 
$ Vegetables ....... 475.0 500.C 500.0 500.0 500.0
 

TABLE B 

WRCDUCTION OF CE',1ZAL 

2roduction (in '00C tons)
 

1956/57 1957/58 1958/59 1959/60 1960/61 

'heat .......... 2,200 1,983 2,254 2,240 2,279
 

Corn .... -... 624 627 644 700 700 

Barley ......... 325 357 357 369 378
 

Rice .......... 300 303 303 313 


Total 3,449 3,290 3,544 3,622 3,676
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TABLE C 

ERODUCTION OF COMERGIAL C02OPS 

Production (in '00O cons) 

1956/57 1957/58 1958/59 1959/6Q 1960/61
 

saW cotton ...... 22.0 C4.0. 53.D 47..0 54.0 

Sugar beet 33.0 37.0 35.0 44. C 44,0 

Sugar cane ....... 38.0 30.0 38.0 45.0 45,0 

Cilseeds ...... 42.0 42.0 50.0 50.0 50.0 

TABLE D
 

AVERAGE YIELDS CF CEZEALS ni'D CObHNECIAL CROrS 
(in tons ner hectare) 

1956/57 1957/58 1958/59 1959/60 196G/61
 

1. 	Cereals 

Wheat ....... 1.00 0.90 1.01 1.01 1.02 

Corn ......... 1.30 1.28 1.30 1.40 1.40 

Barley ...... 1.00 1.02 1.06 1.07 1.08 

Rice ........ 1.50 1.50 1.51 1.51 1.52 

2. 	 Commercial crops 

Raw 	cotton 0.600 0.700 0.800 0.780 0.830
 

Sugar beet 10.0 10.0 10.0 11.0 11.00
 

Sugar cane 25.0 25.0 25.0 25.0 25.0
 

Oilseeds 0.3 0.3 0.3 0.3 0.3 

TABLE E 

AVELAGE YIELDS OF FRUITS AND VEGETABLES 

(in tons per hectare) 

1956/57 1957/58 1958/59 1959/60 1960/61 

Fruits ..... 4.51 4.51 4.50 A.16 5.08
 

Vegetables .. 5.00 5,00 5.00 4.50 5.00
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TABLE F
 

Source: Ministry of Agriculture, Statistics Eepartment
 

LIVESTCCK POPULATIONS (in million heads) 

1957 1958 1959 . 1960 1961 

norses ............ 0.22 C.24 0.25 0.27- 0.28 

Mules and bullocks .,0.02 0.02 0.02 0.02 0.02 

06wG ...,......... 1.9 2.3 2.4 2.6 2.7
 

Goats ............ - 1.5 1.7 1.4 1.4
 

Arabic sheep .... 13.6 18.6 13.4 15.5 15.5 

Karakul sheep ... 2.8 3.4 4.1 4.6 4.7 

Camels .......... 0.24 0.18 0.28 0.34 0.34 

Donckeys ........ 0.74 0.81 0.91 1.2 1.3 

Total 19.52 27.05 23.06 25.93 26.24
 

Taking the estimated values for principal commodity production
 
in the Herat province as indicated in para 3c, above and comparing
 
these values to the national (1961/62) commodity product it is
 
found that the province contributes the following percentages of the
 
national product.
 

TABLE G 

National Procluct Province Product % of national Product 
(in 1000 of metric tons) 

theat 2,279 200 8.78 

Rice 319 8 2.51 

Corn 7C0 75 10.7 

(in million heads) 

Sheen and goats 16.9 4.6 27.7 

Cows 2.7 .36 13.3 

Karakul sheep 4.7 17 14.9 
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eased on an estimated population for the country of aaroXimately 
13.000.000 and an estimated crovince population of 1.000 000C the 
Herat province population equal to aprroimately 7.3% of total 
popularion appears to contribute a greater than proportional ier­

centage share to the national product for all principal commodities 
except for rice. 7articularly in livestock production the provinces 
proouctivity appears to be substantially above the national level
 
of production and it is in this category that the greatest potential 

export capability may therefore be anticipated. In accordance 
with export data furnished by representatives of the IGA hinistry 
of planning, animal husbandry in the province in the years 1960 
to 1962 vas the source of following ex"ort revenues to the country 

for exports of -wool and carnets only. 

TABLE H 

(ex-ressed in i-C of Affghanis) 

% increase 
1960 1961 1962 over t-eriod 

Carcets 4,642 6,243 25,531 450% 

Wools 31,112 33,337 21C9618 577% 

It is reco-nized that the above indicated activity increase 

cannot be used as basis to establish growth trends as it is 
recognized that it is a chenomena ratier singular to countries 
in their early phase of economic develon-nent. The sole conclusion 
that may be drawn is that these figures along with the comparative 

production data above confirm the existence of a pocential source 
of exportable surplus in an already active commodity produced in 
the Herat :rovince. Only scant information is available to assess 
past exsort experience for this area with regards to volume, 
however in the absence of reliable scatistical data and for the 
purnose of providing at least an estimate of extort volume the 
following is nresented. 

The Levant EzpIress -.-ent in Mashed estinated trat the 1962-1963 
volume of import and export hbndled through Islam Qala-Rerat 
anounted to 5C.000 tons for Iuports and 20.000 cons for exports. 

These figures arDear to be confirmed by the estimate furnished 
by the Afghan Trade agent at hiAshed who indicated that the total 
Import and Zxport volume amounted to approximately 78.000 tons. 
The Afghan Trade Agent further estimated chat che comercial cargo 
voluma for 1962/1963 will reach a volume of 10C.CCO tons for 
both imorts and exports, not including another 137,000 tons of ­

estimated Ianports to covernment and foreign -gencies and business 

in the light of the rising trend percentage increases 
shown in Tabl H aboyes a increase in total import and exrort 
tonnage from 78.000 to 100000 tons an-ears sufficiently con­

sertative to accept it as aprobable value for estimating'rro­
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jected export activiti4s. 'ith a total export and import volume rise 
mounting to 22.C00 tons the nrorated share of exoort would 
amount to 5,600 cons per year assuming that the respective
 
import and export values will remain in the same proportional 
relationshin. Since most of the extorts from the Herat province
 
rerresents commodities produced in the province it may also be 
assumed that the estimated increase in exnort tonnage closely
 

2arallels the estimate of the volume of exoortable surnlus 
commodities and thus this volume could be estimated to azaount 
to the following quantities based on a yearly volume rise of 
5,600 tons.
 

1964 25.600 tons rer year
 

1974 81.600 tons " 

1984 137.600 tons " " 

g. General Economic Effect of Additional Commerce Antici­
pated as a Result of the Ptorosed Troject: The prot-osed iaprovement 
would facilitate the flow of agricultural and manufactured conamodities 
to both domesric and Iranian markers. Com-ierce generated as a result 
of the proposed nroject will be of genetal economic benefit in the 
form of an increased a-ricultural income; a rise in the proeuction 
of various agricultural commodities; a stimulation of local manufac­
tures as a result of the increase in purchasing cower in the rural
 
areas and a rise in imports and exports in trade with Iran and the 
Free World. A genral rise in living standards will follow. 

69 Anticipated -,conomic Benefits 

a. Increase in Tax Receipts 

At the present tiae are no sracial tax measures such as 
road or bridge tolls, sales taxes or local gasoline taxes in the 
prcvince of Ierat. However the economic activities increase3, as 
may be ancicipated with che completion of an all weather Eighway 
t -rough the provinceshould result in higher tax receipt from local 
business manufacturing establishment and producers. A targible 
banefit is sstraated to result from increased custoas revenues. 
Presently substantial ducies are levied on all imorted goods,
7hich in accordance with officials of the Coordinacion Deoartment 
of the GA linistry of Planning average approriately 25 to 3C% 
of che purchase value of the imports. Duties collacted on extorts 
average approxzinately 2.5%of the initial sales vAlue. 

3ased on above values for duties on icaports and exports it is 
estimated that custoius revenues in the ptovince of 15erat, which in 
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19r1/62 registered a total import value of 139,000.000 Afs and 
a total export value of 92.000.000 Afs, amounted to approimately 
38,000.000 Afs ($775.500) on imports and 2.L50M000 Afs ($50,000) 
on exports. As the proposed highway will create more favorable 
conditions of access to foreign markets it is believed that the 
provinces foreign trade activities will substantially increase. 
Zstimates of the rate of rise of foreign trade for the province 
can not be based on observation of past trends related to the 
provinces activities, as statistical data thereon is not available. 
3or the purpose of an estimate of projected foreign trade activities 
of the province it is therefore assumed that a parallel may be 
made between the national and the provinces past foreign trade 
activities. Statistics on national foreign trade indicate that 
imports have risen from a value of 646 million Afs in 1951/52 to 
a value of 3,045 million Afs in 1961/62 and exports have increased 
from a value of 731 million Afs in 1951/52 to 1,354 million Afs 
in 1961/62. This represents a yearly average rise of 239 million 
Afs in import and 62.3 million Afs in export value. Aonlying these 
values to the 1961/62 foreign trade figures of the province the 
provinces import rise would correspond to approxiately 10.9 million 
Afs and the export rise to 4.5 million Afs per year., A yearly increase 
of 10,9 million Afs in import value (8% of present value) would, 
if continuous over a 20 year life period of the project road, result 
in a yearly average value of approximately 248 million Afs for 
imports and a 4.5 million Afs yearly increase on extort value
 
would result in a yearly average value of approxteately 143 million 
Afs for exports for the province. 

In turn cuscoms revenues would increase from a 1961/62 of 
aproximately 38 million Afs for imports to an average of 68 
million Afs and revenues on exports from a 1961/62 value of 2.45 
million Als would increase to an average of 3.5 million Als per
 
year. It is recoEnized t-at customs revenues collected in the
 
province of Herat are also derived from trade activities with the
 
provinces northern neighbor and that therefore only a portion of 
che additional revenues anticipated may be considered as a benefit
 
connected with the incentives created by the proposed project.
 

Information obcained from rerresentatives of the Ninistry of 
Mlanning indicetes that the foreign trade activities with the west
 
and through the project area is estimated to amount at present-to 
slightly more than half of the total urovinces foreign trade.
 
It was further estimated that with the proposed improved access to
 
western markets che proportional share of the provinces foreign
 
trade therewith will substantially increase, especially so,
 
if current negotiations with Iran concerning procurement of POL
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products from that Source will result in obtaining a better 
quality products at a lesser cost as that presently obtained 
by rhe RGA Nonooly. 

Sumarising the above it is anticipated that the rroposed 
road will effectively contribute towards the provinces increased 
foreign trade activity with the west which in turn Fill generate 
additional customs revenues estiated to amount to at least one 
half of the total estimated additional revenues of 21 nillion A2s 
or aprox-ately 15.5 million Afs (1316.000) anzually. 

b. Reduction in Transportation Costs: Economies in 
transnortation costs resulting from construction of an ihproved 
road between Herat and Iranian border will come principally 
from greater vehicle utilization generated by higher road speeds 
and reduced vehicle overation and maintenance costs as the result 
of improved road conditions. Gargo trucks now require at least 
four hours to traverse the 130 kilometers from Herat to Islam Qala 
when floods or adverse weather do not interrupt the flow of traffic. 
An improved all-weather road should permit average speeds of 65 km 
$er hour and eliminate lengthy delays due to impassible road 
conditions, The report on Economics of iglhway Engineering by the 
Inland Transport Committee of 2UAFE contains cost data.on vehicle 
operation which shows that the cost per mile on good grade pavements 
is approximately one half of that on low grade roads. Recent rate 
quotations for cransrorting freight from Xashed, Iran to Herat, 
Afghanistan average aporoximately $0.05 per metric ton per kilo­
meter. Applying a conservative 40% reduction to the prcsent
 
freight rate, a saving of $0.02 ter metric ton per kilometer is
 
obtained for cargoes moved over the improved road.
 

Assuming that the cargo traffic volume, which is currently 
estimated to consist of 50.000 tons of imports and 2C.000 tons 
of export, will increase at approximately the same rate of yearly 
increase as the Afghan national foreign trade volume increased 
during the-past 10 years (from a value of 1.377 million Afs in 
1951/52 to a value'of 6399 million Afs in 1061/62) the average 
yearly trade tonnage moving over the project road during a 20 
year-periol would-be approximately 223'000 tois and the corre­
snonding ton km value'watld be 223?000 tons x 124 km = 27,652.000 
ton kt. In addition it is estimatea that inland cargo traffic ­
will add threto at 1-east one fourth of the volume of the estimated 
tonnage of the'yearly crop production of 283.0C0 tons (see par 3c 
above). Assuming that this cargo will be transported an average 
distance of approximately 62 km (half the distance between Herat 
and Islam Qala) the additional ton km quantity would be approri­
mately k4AC.000 ton km., At a saving of approximately $0.02 per 
ton km the savings in tr~asportation cost would amount to approxi­
matcly $639.000 per year. 
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c. Increased Income to Area Served: Spoilage and damage 
to nerishable uroduce transcorted to -aarket over substandard roads
 
and loss in quality suffered by livestock driven to market would be
 
drastically reduced and upon reaching market would command higher
 
prices. Broadening the market for all commodities produced in the
 
area would enable the producer to dispose of his products in the most
 
favorable market. Increased income from products now produced will
 
follow and more dependable access to a broadened market will stimulate 
increased production in the area.
 

d. Lower Costs of Other lanned Development Projects 7-hich 
will be Served by This 'roject: A number of projects are planned for 
the Herat area under the Second Five Year -lan. rrojects planned 
include the construction of grain silos, OL storage depots, several
 
slaughterhouses, several irrigation projects including a dam across
 
the Sari River, electricity and water supply systems for the City of
 
Herat and installation of an automatic telephone exchange in Herat.
 
When completed most of these projects will require the transportation
 
of commodities to and from the processing plant and/or storage 
facility. Savings in the purchase of equipment and construction
 
materials for the project may be effected through importation over
 
improved highways via Iran.
 

e. Gains by Onening New Land for Settlement by Cutside
 
Topulation, Tresently Unemcloyed or Undercnployed: All cultivable
 
land in the area is being utilized at the present time. Opening
 
new land for cultivation will depend on developing additional
 
irrigation systems. 2egulation of the river flow from the prooosed 
dam across the Hari 2iver will insure a more dependable water suply
 
for irrigation purposes.
 

f. 2irect Benefits to Local nopulation through Local Expen­
diture of the ?roject Funds Themselves for Labor, Laterials, Food, 
Rent, etc.: Herat Yrovince would rcceive considerable benefits 
through local expenditure of project funds during the life of the 
construction contract. All unskilled and some semi-skilled laborers 
would be hired locally by the contractor and would receive direct 
benefits in the form of wages. In addition to the direct payroll 
benefits, other types of expenditures such as local food purchases 
and housing rentals would be made. There are some houses available 
for rent in-Herat which presently are not of acceptable standards
 
and would require some utility improvements. Fresh fruits, vege­
tables and meats (mutton and beef) are available locally. Experience
 
has shown that construction activity in a community nearly always
 
scimulates the local economy. In addition to actual economic
 
benefits, training of local people in the various crafts required
 
for constructing the road will also be beneficial.
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SECTION III: ENGINEERING ASPECTS AND TECHNICAL SOUNDPESS 

1. Present and FutureTraffic Generating Activites, 

a. Size, Distribution and Economic Generating Activities: 
The area to be immediately served by the oronosed improved road is 
located in the portion of the Eari River Valley west of Herat in 
Forthwestern Afghanistan. However, the greatest economic benefit 
to be derived from the project will accrue to the c6untry as a whole
 
by providing a connecting highway link with Iran. A large portion
 
of the Afghanistan population is nomadic and livestock raising is
 
their principal occupation. The more settled people engaged in
 
agricultural or stockraising pursuits live in numerous overcrowded
 
villages located in the proximity of their farms or pasture lands.
 
There are relatively few large cities in the country. The alrger
 
city dwellers are engaged prircipally in trading, handicrafts and
 
limited industrial work. 

b. Nature and tonnage of cargo imported into, exrorted 
from, and passing through the area: Imports into area in 1961/1962 
cosisted of following by major cormmodities: 

POL . . . . . . . . . . . . . . . . . 25,000 Tons 
Cement . . . . o . . . . .. ... 20,000 Tons 

Aviation Fuel . . . . . . . . . . . . 10,000 Tons 
Textile Fabrics . . . . . . . . . . . 5,000 Tons 
Miscellaneous Mlachinery, Tires, etc.. 10,,000 Tons
 

Exports from the area in 1961/62 consisted of the following by major
 
commodity:
 

Fruit and Vegetables . . . . . . . . 7,000 Tons 
Hides-Fur . . .... . . . . . . 1,000 Tons 

Textile Fibers . . . . . . . . . o 12,000 Tons 

In addition there is a substantial export activity in progress in
 
the flow of cattle, sheep, and goats that are driven to markets in 
eastern Iran overland and by-passing local customs control on both
 
sides of the border.
 

The proposed project road, it is believed, will also
 
make it more profitable for the producer to truck-haul cattle and
 
sheep from the eastern areas of the province bringing it to market
 
in Iran in the shortest time and at maximum weight which largerly will
 
comnensate for the customs and transoortation cost. 

A substantial increase in ?CL products may also be anti­
cinated in accordance with officials of the 7RCA njjinistries of Commerce
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and Planning who have expressed their belief that, if it were not 
for the present difficulties connected with transport, the principal 
source of FOL r-oducts would be Iran as troducts from that country 
are of higher quality than those presently obtained by the RGA POL 
Lonopoly. Further it is believedthat with an improved hihway link 
to Iran,POL products therefrom could be marketed at lower cost in 
the western provinces, than products presently imrorted over the 
northern road. 

c. Schools: Some of the small villages between Herat and 
Islam Cala have no schools and no schools are available to the 
children of the nomadic tribes. . new road would serve as a means 
of transporting children from outlying areas to schools in Herat. 

d. New Types and Amount of Traffic xnected to Develop 
as a aesult of Project: The economy of Northwest Afghanistan is 
now in the early stages of development and is exnected to excand 
rapidly as projects provided for in the Second Five Year Plan 
are completed. Agriculture, which is presently the principal 
economic activity of the area, is at a subsistence level. However, 
with improved transportation and access to a broader market, 
agricultural production including livestock raising should increase. 
tecent trade talks have been held between officials of the Iranian 
and Afghanistan Governments in which a plan for exchanging afghanistan 
shee for Iranian POL products was discussed. The success of such 
a plan will depend largerly on an adequate highway connecting the 
highway networks of both countries. The highway from the Iranian 
border to Heshed,,Iran a distance of awrrozxiately 240 kilometers, 
is also badly in need of improvement. It is understood that plans 
for improvement of this road are under consideration by the Iranian 
Government with completion scheduled for 1967, 

e. -rojections of Vrssent Traffic wichout and with the 
Prouosed ?roject: It is believed that the traffic on this road 
without the proposed project would not increase at a rate comparable 
to the estimated trend of Afghan foreign trade activities, but 

that the existing roads extremely Door condition will continue to 

exercise its limiting effect on all attempts to improve trade 
activities in and through the area. It is significant that he
 
Lavant Express ±gent in Mashed who estimated that the 1962 trade
 

tonnage over the road would be approximately 70,000 tons, further 
indicated his belief trade tonnage in the coming year would amount 
to only 25,000 tons for imports and 8 to 1C,000 tons for ernorts. 
Although this low estimate is not considered realistic by ZGA 
officials nor is it substantiated in the light of the foreign 
trade progress of the past 10 years, it is considered significant 
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and indicative of the beliefs shared by all interested officials
 
and traders, that the difficulties addtending expeditious and
 
economical movement of cargo through the project area continue
 
to restrict the.areas trade activities and production potentials.
 

With an improved road facilitating transport of goods
 
on a year-round basis, with the risks of loss and damage to
 
goods in transit essentially removed and with the feasibility
 
of orderly scheduling given by -the existence of an all-weather
 
highway, it is believed that in view of the provinces more
 
favorable locations in regards to foreign markits the-areas import
 
and export traffic will increase substantially to a level at
 
least equal to, and possibly exceeding, nationwide import and
 
export traffic averages, At present the provinces participation
 
in the nations import and export activities is popilation-percent­
wise below the national level in that in 1961/62 the provineas
 
imports amounted to only 5% of the national imports and exports
 
amounted to 7.5% of the -national export values whereas the provinces
 
population amounts to approximately 8% of the countries total
 
population,
 

It is further interesting to note that the import-export ratio
 
for the province in 1961/62 was 1.3 whereas the nationwide ratio
 
was a less favorable 2.24.
 

In addition to the foreign trade tonnage increases the project
 
road will certainly also generate an increased inland trade hauling
 
activity between the vicinal areas of production and the markets
 
in adjacent twons and villages. The anount of potential increase 
cannot be readily determined for Ack of record data.
 
however, considering the tonnages of the estimated annual production
 
in the provinces which amounts to approximately 283,000 tons for
 
wheat, rice and corn (See Section II para 6c) it is believed that
 
at least 25% of this tonnage is presently moved to inland markets
 
over the existing roads and that at least that mudh will be in the
 
future be transported over the proposed road.
 

In conclusion it is estimated that projected tonnage over the
 
proposed raodway may reach the following yearly average:
 

Current foreign trade tonnage . . I 1 , .70,000 
Current inland trade tonnage . . . . . .70,000 
Average additional trade tonnage . . 140,000 
Estimated average tonnage with.:r.>e: nrQaet. 
proposed project.... .. . . . . 280,000 

2. Traffic Capacities
 

-The present road cannot be classed other than a fair weatUer
 
road. As such, no attempt is made to assign a theoretical capacity
 
to the road. A traffic count taken during the preliminary survey
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showed that the traffic was predominately trucks and ranged from 
0 to 47 vehicles during the daylight hours. No count was 
necessary during the hours of darkness as the road is not usually 
travelled at night. The Traffic count was made by the survey team 
compared favorably with traffic figures furnished by the customs 
office at Islam Qala. Excessive overloading of cargo trucks,
 
as much as 300% in some cases, was noted-. Some overloading of
 
cargo trucks is to be expected in areas where there are either
 
no laws restricting wheel loads or such.laws are not enforced;
 
however, the probable reason for the excessive overlading in
 
this case is the long travel time &nvolved. Restricting cargo
 
loads to a maximum allowable axel load consistent with good high­
way usage would result in an immediate increase in truck traffic
 
density. With an anticipated yearly average of 280.000 tons and
 
a maximum anticipated traffic of approximately 400,000 tons over
 
the project road it is estimated based on an average loading of
 
10 tons to 12 tons per vehicle and approximately 300 days of
 
hauling per year the average traffic density would amount to
 
approximately 80 to 90 trucks per day to which should be added
 
approximately 6 busses and approximately 15 to 20 private passenger
 
vehicles. Total projected average traffic density is not believed
 
to exceed 110 vehicles per day.
 

3. Design Criteria
 

a. General: Criteria for the geometrid and structural
 
design of a proposed improvements was selected from "Geometric
 
Design Standards for Highways other than Freeways", published by 
the American Association of State Highway Officials as amended by
 
USAID/Washington Circular Airgrams NA-5 and MA-25 and U.S. Army
 
Corps of Engineers Engineering Manuals 1110-345-290 and 1110-345­
291. Good design practicezdictbtes that tht design of small traffic
 
volume roads should be based on a projected 10 to 25 year period..
 
A theoretical average daily traffic-colume of 300 vehicles, was
 
adopted for design. A Class B road is the minimum standard twolane
 
highway and covers an average daily traffic volume between 20 to
 
1000 vehicles depending on terrain and traffic conditions. A Category
 
IV composition of traffic consists of the following:
 

Per Cent
 
Passenger cars, panel or pick-up trucks 15
 
Two-axel trucks 75
 
Three-four-and five-axel trucks 10
 

The traffic composition selected meets USAID requirements for
 
loading as set forth in Airgram NA-5, Highway-Design Loading.
 
Road surface is gravel in conformance with Airgram NA-25, Sub
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Eighway Design Policy, which srecifies ti-at the road surfacing
 
shall be select material, gravel or crushed stone traffic bound
 
tyLe when the current average daily traffic is under 100 vehicles,
 
The following specific criteria were used:
 

Laxtnma speed 90 Km P.H. 
Toad "aidth 5.52 meters 
Road Shoulder Width 1.2 neters 
Maximum tassing Light fistance 564 meters 
Marimum Curvature 50 
Maximum Vertical Curve (Grade) 7% 
Average Daily Traffic 300 vehicles 
Design Index* 4 
California nearing Ration (CnR) Fercent
 

Subgrade, in-situ 3 
Subgrade, cor2pacted to 90% 02-55 max, density 6 
Sub base, select, compacted to 95/ CE-55 max.dens 10 
Sub base, compacted to 100% CE-55 mix. density 25 
Fase, coraacted to 100% CE-55 max. density 80 

*The design index is obtained from the relationship of Class 
road to category. 

b. Flexible Pavement Design: Based on the above criteria, 
the following pavement thickness, as shown on Plate Yo. 3, was 
obtained: 

Base course thickness 13 cm. (5 in.) 
Subbase course thickness 15 cm. (6 in.)
 

c. Rigid 2avement Design: Concrete dip sections. totalling 
nearly four kilometers in lenght, are provided for passing shallow 
(sheet flow) drainage water over the highway in areas where it is 
impractical to collect the flow in ditches and pass the water under 
the highway in culverts. Fon-reinforced Portland Cment Concrete 
pavements for this purnose were designed in accordance with pro­
cedures set forth in U.S. Army Engineer l4anual 1110-345-292, 
"Rigid Pavements for Roads, Streets, Walks and Open Storage Arcas" , 
dated 30 June 1961, using an estimated subgrade reaction (k-value) 
of 225 pounds per cubic inch and a flexural strength for concrete 
equal to 600 pounds per square inch at 28 days. The resulting 
thickness of concrete pavement is 18 cm (7 in.). A typical concrete 
dip section is shown on Plato No. 4. 

d. Bridges: There is an existing, narrow, multi-span 
bridge estimated to be approximately 200 years old spanning the 
Hari siver in the vicinity of the new proposed river crossing. 
The bridge is supported by grouted rubble stone piers spaced 
approvdnately 12 meters apart., The condition and alignment of 
the bridge is such that it cannot be used in the proposed improve­
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ment plan. The bridges for this project have been designed for 
a width of 6.7 meters and for H 20-16-44 loading in accordance 
with Standard Specifications for Highway Bridges published by the 
American Association of State Highway Officials (1961 Edition). 
Structural steel design was selected for the bridge crossing the 
Hari River based on overall economy and consists of a structural 
steel frame on steel piles with a reinforced fortland Cement 
Concrete deck slab. This type of design allows construction to 
be performed in a minimum amount of time using only one crane. 
The short span bridges across washes will be reinforced Tortland
 
Cement Concrete poured in place on concrete pier foundations.
 
This design was chosen as being the most economical because no
 
large construction equipment would be required. Typical bridge 
sections are shown on late Fo. 5. 

4. Surveys and En3ineering Data 

a. Description of Extent of Oreliminary Studies and Surveys 
used to Arrive at Frooosed Locations: A reconnaissance of the exist­
ing north and south roads, between Eerat and Islam Qala, was made 
during the period 2 through 6 -pril 1963 by nersonnel of the Royal 
Government of Afghanistan, LSAID/Afghanistan and U.S. Army 3ngineers 
for the purpose of selecting the most feasible route for the engi­
neering survey; A route generally following that of the existing 
northern most road was selected for the following reasons: 

(1) The oxisting northern route is 7 kilometers 
shorter than the existing southern route. , 

(2) Alignment of an improved route following the south­
ernmost route is more restrictive because of irrigation projects and
 
drainage facilities that would be required are more numerous and'
 
costlier than those required on the northern route.
 

(3) -bundance of good aggregate sources within rela­
tively short haul distances compared to the haul distances which
 
would be necessary on the southern route.
 

(4) Soil conditions along the selected route are 
generally more favorable. Thotographs 1 though 9 show the 
condition of the existing road along the proposed route at the 
time of the reconnaissance, 

b. ?reliminary Alignment and Plan-Trofile with Established 
Grades: Field surveys consisted of running an open traverse by the. 
cransit-scadia method and establishing elevations by differential 

20
 



leveling checked by trigonometric leveling. The strip. of territory 
covered by the survey has a width of 60 meters where the final 
alignment of the road was not in question and has a width up to 
400 meters where it is evident that some realignment would be 
required. Sufficient topography was obtained to provide for 
design of drainage facilities. Survey data are presented graph­
ically on Fiaures 1 through 29 which show the proposed road 
alignment, location of bridges and drainage structures and Zinished 
grade of the road. The finishad grade was established at an 
elevation sufficiently high to provide an adequate freeboard 
above normal flood stages in the valley and conforms to criteria 
for maximum grade and sight distances set forth in paragraph 
3a. above. 

c. Rainfall and Runoff Data and Calculation for Stream 
Flow Estimates: There are presently no drainase structures along 
the existing road alignment. Vatural drainage ways such as streams, 
ditches and washes cross the existing road at random locations. 
The following rainfall data for Herat collected during an eight­
year observation period was obtained from the Hydrologic Service 
Division, U.S. Deartment of Commerce. 

Average irsciritation in mm. 

January ........ 61 July ....... 0 
February ....... 33 August ..... 0 
Larch 
A ril 

...... 
....... 

38 
8 

September ... 
cctober ..... 

0 
0 

M6ay ........... 5 November .... 8 
June ........... 0 December ....33 

Average annual: 186 mm (7.3 in.)
 

For computation purposes, a marinum rainfall intensity of 2.54 cm 
(1 in.) for a one-hour storm based on a 10-year frequency was used. 
(To be verified during final design stage.) Based on findings 
of the reconnaissance and psrel iminary comutations of runoff 
quantities, it was determined that apuroximately 135 ten-meter 
long piPe culverts (one meter in diameter) and 4 ten-meter long 
box culverts (1 x 3 meters) would be required on the project to
 
provide proper drainage for road rrotection and uninterrupted
 
irrigation. For simplicity in construction, the pipe sizes are
 
standardized throughout the project for 1 meter diometer culvert 
pipe. Rip-ranped side slopes of road embankaents and drainage 
ditches will be provided to prevent erosion during periods of 
high water velocities. Rip-rapped diversion dikes and interceptor 
ditches will be used to control concentrated run-off to cuiverts. 
where wide flat sheet flow conditions prevail. However, reinforced 
Bortland Cament Concrete dir-sections will be used where flood 
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control structures prove to be uneconomical. Typical sections of
 

the proposed drainage structures are shown on Plate Yo. 4.
 

d. Soils and Materials:
 

(1) Geology: The proposed road alignment runs roughly 
parallel to and several kilometers south of a range of low mountains 

and hills for a distance of approximately 56 kilometers westward from 

Herat. The mountains in the vicinity of Herat are composed essentially 

of hard conglomerates. Further to the West, the mountains are lower 

in elevation and are composed of softer rocks such as silt stones and 

shales. Surface soils found along this reach of road consist mostly 
of silty sands and gravels :with some areas of silt. In the reach of 

road between approximately kilometer 56 and the vicinity of the Hari 

River bridge (km 96), the proposed road winds through low hills 

composed of conglomerates, sandstones, silt stones and shales. luch 

of the material is weathered and relatively soft but some of the 

strata are hard and will require blasting during grading operations. 

Between the Hari River bridge and Islam Qala (approximately 21 
kilometers) the proposed road runs roughly parallel to and several 

kilometers north of a range of hills. The surface soils found 

along the alignment between the Hari River bridge and the vicinity 

of Islam Qala consist essentially of silty sands while surface 

soils found between Islam Qala (kilometer 115) and the Iranian 

border to the West (kilometer 123.3) are mostly silty clay. The 

depth of the water table elevation below natural ground surface 

exceeds 5 meters along the entire road location except in the 

vicinity of the Hari :iver. 

(2) Soils: Test its were excavated at approximately 

800 meter intervals along the proposed road alignment. The pits 

were generally excavated to a depth of 1 meter except at small 
bridge or large culvert locations where they were excavated 2 

to 3 meters in depth. The location of the test pits are shown on 

Figures No. 2 through 29 and graphic logs of soils encountered are 

shown on Figures No. 30 and 31. It will be noted that bed rock 
was encountered in only one test pit. Results of classification 

tests, including Atterberg Limits and sieve analyses, performed 

on typical soil samples are tabulated in Table I. A limited number 

of field density tests were performed in the test pits in order 
to determine the natural in-place density of typical soils and 
the results of these tests are shown in Table II. Table III shows 

the results of laboratory tests performed on 5 composite soil 

samples sent to the U.S. Army Engineer Division Laboratory at 

Athens, Grece. No deep borings were made at the proposed bridge 

location over the Hari River at this time. However, such investi­
gation will be required during preliminary design stage. 
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(3) kggregates: Explorations for aggregate for subbase
 
and base course materials and for Portland Cement Concrete were
 
confined to gravel deposits in the imediate vicinity of the road 
since there appeared to be sufficient material in these deposits
 
for the work contemplated. Samples were taken from three locations
 
along the road and sent to the U.S. Army Engineer Division Laboratory
 
for performance of suitability tests including gradation, Atterberg
 
Limits, specific gravity, soundness, stripping, alkali reactivity,
 
petrographic examination and Los Angeles abrasion tests. iesults
 
of these tests are shown in Tables IV and V. Gradation tests were
 
performed in the field laboratory on samples obtained from two
 
locations considered suitable only as source of subbase material. 
Pertinent data on these aggregates are shown in Table IV. 

5. Construction Standards 

It is proposed that construction work on this project 
will be performed in accordance with U.S. Army Engineer Guide Speci­
fications covering the type construction planned. 

6. Availability of Local Resources and Equipment 

a. Personnel: Semi-skilled and unskilled labor are 
locally available in sufficient numbers for prosecution of the 
project. Skilled labor, technicians and supervisory personnel must 
be recruited outside the country, 

b. Construction Haterials: only water and aggregate
 
including base and subbase materials are available in the project
 
area. All other required construction materials including POL
 
products must be iuDorted to afghanistan.
 

c. Housing, Food and Repair Shops: Some housing is 
available in Herat which will require minor renovations. Con­
struction camps will be necessary at other points along the road 
location. Some foods, including fresh vegetables and fruits and 
some meats, are available on the local economy. However, it will 
be necessary for the contractor to supplement these supplies and 
to maintain a commissary facility which carries all items not 
locally obtainable such as, but not limited to, tobacco, toilet 
articles, canned and frozen foods and household appliances. Shops 
for equipment repair and maintenance should be provided at the 
construction camps. Suitable canp sites are available throughout 
the project. 

d. Construction 3quipment: All highway construction 
equipment presently in Afghanistan is being utilized on other 
projects. It is assumed therefore that it will be necessary to 
import substantially all such equipment required for this project. 
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e. Local Subcontractors: Use of local subcontractors on
 
any phase of the proposed work is not considered feasible.
 

7. Special Construction Problems Foreseen 

a. Climatic Conditions: Climatic conditions are not
 
considered sufficiently severe to seriously disrupt construction
 
schedules. An average annual total rainfall of 186mm (7.3 inches) 
is experienced during the winter months. Approximately 25 percent
 
of the road location is subject to inundation as the results of
 
flash floods of short duration (approximately 1 week including
 
inundation, draining and drying to workable conditions). Daylight
 
hours are approximately the same as are experienced in the southern 
United States,
 

b. Construction Detours: Construction and maintenance
 
of detours for the low density local traffic will not be difficult
 
during the greater portion of the year and will consist of grading
 
roadways adjacent to the proposed roadway in reaches under con­
struction. Construction of more adequate detours or maintenance
 
of auxiliary towing equipment in construction areas will be required
 
during the rainy season.
 

c. Lead-time for lMobilization of Equipment and i2aterials: 
It is estimated that a lead-time of 5 to 6 months will be required 
to mobilize equipment and materials from points in the United States. 

d. Evaluation of Possible Major Causes of Delay: No major 
causes of construction delays are foreseen. The proposed road for­
the most part is located on relatively flat land not subject to 
slides and no major earthquakes have been recorded. Afghanistan 
has a stable government and no political disturbances or labor
 
troubles are expected.
 

8. Plan for Execution of Projects:
 

a. Sequence of Construction Operations: The sequence and
 
schedule for performing construction operations are shown on Plate
 
do. 6. 

b. Grading Operations: Embankment material is available 
from side borrow for most of the road. Coarse aggregate and select
 
material for subbase is available in sufficient quantities in
 
selected pits along the route. Portable crushing equipment will be
 
required to produce base course material from roadside pits. No
 
long haul distances or construction of haul roads are involved in
 
obtaining suitable construction materials.
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c. Construction Mlethod: The proposed improvement will be
 
more expeditiously and economically performed by the use of con­
ventional heavy raod building equipment.
 

d. Method of Contracting for Engineering, Construction and 
Construction Supervision: Contract document ureparation and con­
struction supervision will be accomplished by U.S. Government forces 
which will also enter into engineering service contract to perform 
certain additional soils investigation work (deen boring). Con­
struction contract will be awarded based on lowest qualified bidder 
response to advertisement restricted to U.S. contractors. 

9, Maintenance Organization 

Naintenance of the existing roads north and south of the 
Hari River between Herat and Islam Qala is performed under the 
direction and supervision of the provincial Director of Public 
Works department located in Herat. Under this general supervision, 
a fluctuating number of soldiers perform the required maintenance 
work on an emergency basis. This force, that may vary in number 
becween 20 and 150 as seasonal demand may require, performs all 
maintenance tasks essentially unsupported by equipment as the 
equipment assigned to the .Public Works organization is"largely 
deadlined due to lack of repair, parts and due to its old age. 
Equipment as available consists of one Water Truck, one Uotor 
Grader and one Dump Truck. It is therefore concluded that at this 
time there exists no maintenance organization as such capable 
to perform the required maintenance of an all-weather road and 
that the need exists to completely organize and equip such a force. 
It is therefore proposed that the Director of Public Works in 
Herat establish an organization composed of civil employees and 
laborers and that in support of this organization the necessary
 
maintenance equipment be obtained. 

The organization would function under the direction of one
 
civil engineer responsible to the Director of Public-Works. The
 
civil engincer would be supported by one assistant and by two
 
field supervisors, the latter of which would each manage and direct
 
a force of approximately 10 laborers. Under the civil engineer's
 
supervision, the employ of and the maintenance of the equipment
 
should be entrusted to an equipment specialist who, in turn,
 
would supervise approximately 6 equipment operators-mechanics and
 
approximately 5 laborers. 

Equipment estimated to perform effective maintenance of the 
troject road is listed in Section IV, paragraph 2. 2ersonnel with
 
adequate training and experience for recruitment of the organization's
 
requirement,it is believed,will become available with the phase­
out of manpower requirement at the end of construction. 
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SECTION IV: FINANCIAL ASPECTS
 

1. 	 Estimated Capital Cost 

a. Land and right-of-way: In accordance with PIOT, 
all land required will be provided by the Royal Gov4tnment of 
Afghanistan,
 

b. 	Engineering Cost:
 

(1) Preliminary Engineering: No additional cost 
is anticipated for preliminary engineering which is considered 
completed with the finalization of this reporto 

(2) Additional siarveys & test borings $ 50,036 
(32 Preparation of contract documents 210,000 
(4 	Supervision & Inspection 540,000 

Total Engineering Cost $ - 800,036 

c. 	Construction Cost: Total Constr Cost 06,751,664. 

The above cost is reflected in the detailed estimate evaluations
 
on the following pages and is summarized hereunder;
 

Direct Contract Cost 

Equipment Ownership Cost
 

Equipment Shipping Cost
 

US Non-productive payroll
 

Local Non-productive 

Constr, Camp and plant 

Misc. General Expenses 

Home Office Overhead
 

Contingency
 

Contractor's Profit
 

Total Contract Cost
 

Total Cost Construction
 

Total Cost Engineering
 

Total Initial Cost
 

US Dollar 
Requirement 

$ 2,643,371 

992,583 
121,164 

602,861 

235,100 

416,250 

163,242 

520,465
 

616,512 

3 6,312,048 

6,751,664 

800,036 

t 7,551,700 

Local Currency 
Requirement in
 
Dollar Equiv.
 

212,399
 

66,973 

58,644
 

10,.750 

50,850 

40,000 

$ 439,616 
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DdLicT COST LTELLT 

Unit 
Unit PriceQMterial Unit Price 

usppmnt 
Unit Price
local lab 

Unit Price 
0$bIlabor 

Total. 
Unit Price 

Local 0 rrency 
Val s 

local labr I US lp 

Total 
unit price 
S10 

Total local 
currency 
reairemnt 

TotAl U.1 
dollar. 

requirezent 

1 UnDcla Excavation chm 696,000 - .61 .04 ' .15 .80 .04 .02 .74 41,76o 515,040 

2 Overhaul chi Io 205,000 - .05 .02 .01 .08 .02 - .06 4,100 12,300 

3 Subbase Course 01a 139,000 - 3.71 - .22 1.20 5.13 .22 .12 4.79 47,260 665,310 

4 Base Course ohm 86,ooo - 4.38 34 1.39 6.n .34 .24 5.63 41,280 /4,180 

5 FCC Pavement - abm 4,725 16.18 2.58 - .26 2.00 21.02 .26 .2O 20.56 2,173 97,146 

6 Concite outort- wall ohm 4,550 I.S6 2.34 .26 2.00 15-46 .26 .20 15.00 2,093 - 68,250 

7 Epansion joints lin.m 10,000 - .60 .01 .04 .12 .77 .04 .91 .72 500 7,200 

8 Contraction joints lin.m 5,670 .45 .03 .10 .16 .74 .10 .02 .62 680 3,515 

9 ipmup for alp sect. ohm 13,1 0 0  .84 4.53 1.34 - 6.71 1.31 - 5.37 17,551 70,347 

10 Grout. iandpl. [RR sM 11,000 .18 .58 1.60 - .55 2.36 1.05 .05 1.26 12,100 13,860 

11 Con.steel culverts3' lin.m 2,200 20.21 1. 2.00 1.60 25.30 2.00 .16 23.14 4,752 50,908 

121.0. Box culverts alm 521 39.15 3.85 .90 21.50 55.40 .90 1.15 53.35 1,068 27,795 

13 Hard River Bridge I8 IS 367,907.00 65,636.00 22,818.00 45,636.00 501,997.00 22,818.00 4,563.00 474,616.00 27,31 474,616 

14 Bridge at 1034000 iS IS 25,206.00 3,360.00 1,680.00 3,360.00 33,608.00 .1,680.00 336,00 31,592.00 2,016 31,592 

15 Bridge at 106+750 Is IS 25,206.00 3,360.00 1,680,oo 3,36000 33,608.00 1,680.00 336.00 31,592.0d 2,o16 31,592 

16 Bridge at 108+250 IS Is 70,831.00 9,444.00 4,722.00 9,444,00 94,442.00 4,722.00 944.00 89,720.00 5,666 [5 9,720 

TOTAL DMIE COST 212,399 2,6 3,871 

_ 2, 856,270 

NOE All materials ec pt Ceent and P L procts a-e of US origin, iatio Local C rency 

Cement and POL fr m Iran. (Estam5ted total co t for Iranial Cement & 1. products $4.0,000) to US fporti=n 8.03% 

Eatio looal =urrency 

to US $_totaL 7.4.3­

27 



IlUTf1ET OST ISTIRST 

EQUIISUIT COtRSSHIP COST 

Total. 0 nershin Years tied Total % Total owner- -tMtric Cost flT! Total Total Cot 
t osi- Aquisition indt charged ship tots/Umit Total Shippigcost cost p/year up cost Sippinrg to job indCII 

Description pjmit Cost in % of Au 4tranaTort to oL to__ job Tons IerSO Cost 
NtafI 

- Tractor, B8 W/Dozer 1 40,000 40,000 2.0 92 36,800 23.7 180 4A266 41,060
~1 23,070)- 2,000 92 2160 - 239 00 

I Lotor Soraper 12 cy 6 55,000 220,000 46 2.0 92 193,200 21.0 126.0 IBUO 22,680 215,880 
46 47 r7 12.8 

804 t4, (uy 
Pay loader 1 45,800 45,800 46 68 j 2,136 10.55 1802.0 92 10.5	 44,026

I 	 trouftI07 e aoaer -53827w- 1,8 48D by 29-.T- 35,220 3-, 8(
Truoh l2 ey 135,084 43 1.8 105,365 20.0 60.0 10,800 116,16545?028 78 

~ ruon .- tirp_6 of 3 .1.6,6?1 160,210- -43- -- 78 ,16,d45
Trach Concrete Bald *6,700 20,100 46 1.8 69 13,869 4.1 12.3 180180 2,214 16,085 
S t'rbc :5ctup 41 64 16000- 39.0 p1,400%l459D-Traoh ater w1amp 2 14,535 29,870 34	 61 18,220 60.0 12,0 180 20,380

60,0	 180 __ 
, - l4UU	 -61 9, 50.0 - 10.00 1,800 11,194TPU 94 

station Wagon 5: 35000 15,000 43 1.5 64 9,600 2.5 12.5- 180 -2,250 11860
.Ua 15,37 309752-- 534 11-4 22.8 180 4,104 19,787

S Roller ibratcrf 1 37,175 34 1.5 51 18,959 5.2 9.6 180 1,728 20,6871.8 51-­1iRollery10ttly Wheel 2 2 7,757 *- 7360- -34 4,773 180 ,2270 
Grame Ituch 35T 9,

2 67,757 34 1.8 61 71,319 41.5 41,5 180 .7,470 ,8,789 
,- Pile WtA. w/hed*tre -T3 -64 - 6,400 6303.5 3,5	 7,030

Orusher R6k Portable 489567 97,134 46	 82 79,649 22.5 45.0 180 8401o - 8-f7k749­46 1.5 
-69--	 3.2 180. 1,i52 10,oo

viorators Concrete -~6. 1,500 46 46- 690 0.1 0.6 180 108 798
compressorIE60-07 2a,250 77 17.132 4.2 ,4.2 7561±.Compressor Air 125 OF 2 55891 77 A 

Peop Water Cenixr 4" 1943 46 1.5 69 822 0,4 0.8 180 144 
Truch Fuel jPmp --1 14y900, 14,900 9A 240 68 10,132 6.0 6,0 18L. _ 1,0P80 11, 7Vii] uhggies Cono - 12 4 50 1 600 100 600 ISO 50 Ct 
Conveyor Portable 2 6037 12,074 43 1.5 64- _727 6.0 &,807-1.8Rolr Kes ft 1 2,898 2,898 34 1.8	 1,767 2. 7 2.7 180 486 ? ,255*180TrcoraTrack,_0TTR 1: 4,C312 40,312 33,458 20.7 20.7 180

VWeldingMah-e . 10,875 10,875 46 1.3 69 7,503 2.5 2.5 180 450 7,953180Generator 25 IY0 2<	 1.6 61 1 - 2.0 360A 	 2431 _112 180 ~.IGeerator S5 I 2 1,000 2,000 34 1.0 61 0.5 1.0 180 1,400 
I okitg & 8creeninf i. 7A9941 -46--- 822 02 ,3 L721.L_ 21.5 3.87014.4 

1. 
,4~285,610 I' 

-4
 
_____ ..7V~ jM4~4tion ostt 38.54/veer
 

Shipping Cost approo 10%et Aivdtion Cost. 
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YNlaRECT COST ESTIDILTE, GENERZAL 11XPESES
 

- PEROMEL IT STA? QJaAIES AND RAMES
 

. mv~en Bure Total Cost/ Cos~tper Total Cost 100/o f coat in Cost in 
Payrollni USalYary & per diem 11Year month :rt JoISolo oa ourt 

o j 	 hn a nt. ,> 

Ass~istant Superint. 1 21 15,000 4,018721 53,0 	 ,'9 561 370 

unade & Imbank Supt 1 18 14,000 420 I70 1,5 ,6 99629I2,2 ,9
 

SecT-retar 1 E 7U
 Z- - r45 1T?7 	 295-;
Offic t minger 1 21 12,000 3p0 

Aountanrl 1 5.1,r- ., 30-- -4,5 - jzUU- 4i2 -2j422 M ,9 
Tim Keeper 1 1.8 8,000 240 100 1,0 5 710 1?o1,9 ,1 

driieif ig8 ch"Ofsloremepe 1040500O 1,2750 420117 	 292 d22. Im 2 

Chief Civil Eginaer 1 . , 1400
 
$0o1s Aw~neer I I ------- "00zuou65 ti 2 -,:4- 3 0- -3 P 10
 
survey Party Chlief 1 21 12,000
is 6,000 360 1750B5072150 22 1,l ,21- ,6
Ci79±1 it-'Pvns -1- 1-, 1 O - -40- -1711O -- L-23- -1-7--- ,3 

-- Civil En4ge structure 1 12 12,0003,01,0 171 ,4571019O -530 170 

I 3,600 1,0 	 9952922 3 193 99 

a.~~ppu Utliiezspput 

---- CsmI i 2i 1,C)CO 4,2-00 1,7 50 ',1 - -r7j3 - 59
19,95 1,662 	 6, 

I 	 is 13,000 3,600 1,650g2 ,4 2,7 7 2,9 ,7is 10,00 -5,(600 -4 -:, -3.8 -- -- 2 i6&- ,3-It 

Doctor 1 ?1 12,000 3,600 100 1,0 ,2 299529 	 693292 



GENE.RAL EXPENSES
 

Local Payroll
 

1 Secretary
 

1 Interpreter
 

1 Accountant 

1 Timekeeper 

1 Typist 

2 Lab. Techs. 

2 Draftsmen 

2 Instrument Men 

3 Rodmen 

3 Chainmen 

1 Storekeeper
 

4 Laborers
 

1 Mess ianager
 

2 Cooks
 

1 Nurse
 

12 Guards
 

3 Janitors
 

Mos.
 
Reqd
 

21
 

21
 

18
 

21
 

18
 

30
 

30
 

30
 

45
 

45
 

18
 

72
 

18
 

36
 

21
 

216 

54
 

Wages 
per 

Month 

100 

100 

130 

100 

80
 

100 

80
 

120 

65
 

65
 

100 

50
 

80 

75
 

120 

45
 

40
 

20/%
 
Payroll 
Burden 


20 


20 


26 


20 


16 


20 


16 


24. 


13 


13 


20 


10 


16 


15 


24 


9 
8 


Monthly 
Cost
 

120
 

120
 

156
 

120
 

96
 

120
 

9
 

144
 

78
 

78
 

120
 

60
 

96
 

90
 

144
 

54 
48
 

Total 
Cost 

to Job 

2,520
 

2,520
 

2,808
 

2,520
 

1,728
 

3,600
 

2,880
 

4,320
 

3,510
 

3,510
 

29160
 

4,320
 

1,728
 

3,240
 

3,024
 

11,664
 

2,592
 

58,644 
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M IR03T COST - GEM L IP3!7SES 

00NTRACTOR'S CAMP Qaty, Unit Unit cost Total Cost EaluewLoc Vialue 
Vlne oe Us Dollars 

Trailers 5 Ea 5,000,' 25,000 500 24,500 

Tents Winterized 20 L'a 1,500 30,000 200 240800 

!Esehall Prefob 
Lstrie, Bath 

3,000 SF 12 36,000 1.500 __34,5 

& LaundBry, Prefab 2,000 SF 3 16,000 800 14,200 

Doctor's q'ts Prefab :800 SF 12 9,600 600 9,000 

Field Offices V.3,000 Sp 7 t 21,000 10 O ,000 . 

Tlarehouse 5,000 SF 4 20,000 1,000 19,000 

Equipment Shon 3,000 S_ _ 5 F 15,000 _ _50 14,250 

Storage Shed 2,000 SF 3 6,000 300 5,700 

Thrrdstand 10,000 X1. 2 " 20,000 1,000 19,000 

* encinf anig_ 1,500do gI
_In3 

3-59 
-

,5
__&L. 

0 llP
4,750 

_____ __________ 

17ter Supply 15,000 750 14,250 

/ '1 Sewage Collection . 5,000 700 4,300 

Dleotiioal Distribution 5,000 250 4,750 
Plant Erection & 
Dismnntling 

&Srushing,_Sorqening 
& WYohing Plant 3 ILoves 4,000 12,000 SOO 11,400 

Concrete Plant 2 * 2,500 5,000 300 4,700 

TOTAL COST 0TRA OI' 0MP 295,350 10,750 235,00 

-~~3 *----­



TmIRoCT COST - ic. UERAL EXPENSDS 

Qnty. unit Unit Cost Total Cost 

flstirnted 
Value Lool
Vue 

Estireated 
Value 

U.a ollae 

Travel, Interntional 

R7 US-Afganistan 61 Ba 3.000 183,000 - 183,000 

Replacement 10y 18,300 13,300 

Travel Local 

Local Hire 80 Ek 100 8,000 8,000 -

Local Replacements 20% 1,600 1,600 'I 
Services Supv. Organ. 

Housin - Trailers 2 Ba 5,000 10,000 500 9,500 

Tents, Winterised 5 Ea 1,500 7,500 400 7,10 

Field Laboratory LS 8,000 400 7,600 

Mobile Lab Trailer Ls 7,500 

Communioations Radio LtS 2000 _ 20.000 

Vehicle Operation dost 

Pickup Trucks 9.0 150 13,500 6,750 6,750 

Sedans 483 Ho 200 9,600 4,800 4,800 

Laintenanoe Supplies 24 800 19,200 14,000 4,200 

Small Tools & Eqpmt 183 500 9,000 4,000 5,000 

Jonstr Eqpmt Sparc Pts Lot 100,000 100,000 

Insurance-Oonstr Eqpmt{ 
1Ly per year for 
SlJf0.000 . . -, 2 yrs (I 16,90/r 33,900 _ 33,900 
Agents at 

$6 50 18,000 9,000 .500 9,000 

467,100 50,850 416,250 ­



decapitulation of eatimated cost for Iconstatotion, contingencies and engineering. 

Total Total cost 
. ITER Unit QntY.- Direct 

.Unit Cost 
Total Eipm 

IDirect coost st 
General 
hkense 

HToe 
Office. 

Contingency Profit Total Item 
Unit Cost 

Engineering 
Cost 

Total Item 
cost 

Unclassified hEavation on.m 696,000 .80 556,800 225,369 291,681 33,500 115,000 125,000 _ .28 155,900 1,50,250 

Ovehalu~/ha20,00 08 16,.0 622 ,8,052 1,000 3,000 3,0o6. .. 4,590 42,263 

Subae otrset~ 19,00 5.3 1307 22,14 37,843 4,000 150,000 165,000 199,660 1,943,287 

Base Course ca.m 86,000 6.11 525,46a 21L2,705 275,292 32,000 109,000 116,112 107,130 1,417,699 

FCC Pavement on.M 4,725 21.02 99,319 38,/,62 49,780 5,000 19,000 20,00p 27,810 259,371 

Concrete Cutoff Hjall ca.M 4,550 15.46 70,343 26,057 33,725 - 3,500 13,000 14,00 19,690 180,315 

Exp ao Joints Lin m 10,000 .77 7,700 . 2,757 3,568 425 1,200 1,500 - 2,160 19,10 

Contraction Joints Lin.m 5,670 .74 4,195 1,612 2,086 248 800 g00 1,170 11,011 

Jiorap f/ip section ou.m' 13,100 6.71 87,901 31,074 40,218 4,000 15,000 17,000 24,600 219,853 

Granted handpl. RR SM2140 23 25,960 9,177 11,877 1,200 4,000_ 5,000 7,270 64,424 

Corrx steel Culverts Ia.m 200 530 55,660 2L,299 27,566 2,800 10,000 11,000 15.580 1w3.905 

XtBox Culverts mU.m 51 5.0 28,863 11,322 14,654 1,500 5,500 6,00w 8080 75-,919 

Hart Aiver Bridge __ ' S .51997 177,465 229,683 26,000 88,000 100,000O 140,560 1,263,705 

Bridge at 103+000 IS -'33,608 11,881 159377 1,500 5,500 6,000 9,410 83,276 

Bieat1+10LIS 33,608 21881 15,377 1,500 5,500 6,000 9,410 83,276 

Bridge a.t108+250 is 95,86 33M75 43,649 5,000 15,964 20.000 26.956 240,76 

p-2,856,270 1,113,747 1,441,428 163,242 560,465 616,512 800,036 7,551,700 

Estimate for future Dotib eBt nu u aeTete 

1. iReshape and reconstrue4 Baze (ourse 655,000 SR x $0.22/zw 9' U4/,100­

2. Prime Coat 655,000 SR x 30.27/V'! ' 176,850 

3Double Bituminous Surface Treatment 655,000 SM x 110 1 720,500. 

0 1,041,450 

Engineering And Super iSion 104.,000 

Total Estimated cost 1,145,4501 
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d. Summary of EstiMated Initial Project Cost, All costs
 
are expressed in dollars and dollar equivalents.
 

Local 
U.S. Dollar Currency 
Requirement Roquirement 

Land Right-of-way At no cost 

Engineering Sosts 700,036 

Diroot contract Cost 2,643,871 242,369 

Indirect Costs 2,367,958 187,217 

Contingency 520,465 40,000 

Contractor's Overhead 163,242 

Contractor's Profit 616,512 

Totals 7,012,084 469,586 

2. Maintonance Costs 

a. In order to maintain the project road during its 
design life of 20 years, it will be necessary to provide for the 
establishment of a Maintenance organization adequately supported 
by appropriate oquipment capability. 

b. It is assumed that adequately trained personnel as 
woll as construction equipment will become available during phase­
out of construction activities. It is further assumed that the 
initial cost for equipment will amount to the residual value of 
the contractor t s equipmont and consouontly the following initial 
eQuipment value is estimateds 

Original Depree. Residual 
Type of 2quipment Value on Job Value 

Hobile Crusher Unit (1) 48,567 20 38,853
 

Motor Grader (1) 23,430 15 19,915 
Tandem Roller (1) 15,376 12 13,530 

Trucks 6-cyl (2) 32,042 18 26,274 

Trailer 25-ton (1) 129000 10 10,800 

Truck Water (1) 14,935 12 13,142 

Totals 146,350 122,514 
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With an initial equipment cost of approximately $122,000, it is 
estimated that replacement requirements during a 20-year period­
will amount approxima.tely to the total original value plus a 
percentage increase of approximately 20% to reflect rising cost 
index trends. Thus equipment repjlacement cost will amount to 
146,350 X 1.2 = $ 175,620. Total anticipated equipment procure­
ment-cost to cover maintenance requirements for a 20-year period­
$298,620, say $300,000.
 

c. Equipment operation cost based on the assumption 
that the yearly maintenance effort-willbbe equal to an effort 
required to replace approximately 5Fo of the Base Course and 
approximately 2% of Subbase and Embankment Materials is estimated 
to t qire the following equipment operations houm per year. 

Crusher 2ob hrs'.
 
Motor Grader 250 hrs.
 
Tandeb-,oller 450 hrs. 
Water Truck 500 hrs. 
Dump Truck- 1200 hrs. 
Truck w/Trailer 900 hrs. 

The estimated cost for equipment operations (fuel, maintenance
 
and tires) is the following:
 

Crusher 200 X $5.00/4r. $ 1,000 
Motor Grader 250 X 2.50/hr. 625 
Tandem Roller 450 X 1.50/r. 675 
Water Truck- 500 X 2.50/1w. 1,250 
Dump Truck 1200 X 2.35/br 5,522 
Truck w/Trailer 900 X 3.35/br0 3,015 

Total yearly equipment $ 12,087 
operations cost 

d. Estimated cost for maintenance labor.
 

(1) Equipment operators' hours 3,500 per year
 
,plus 50% for idle and in-transit time amounts to total of 
5,250'hrs. at an average cost of $0.15/hr. $840/year.
 

(2) Unskilled labor, estimated requirement­
10 laborers 2000 hrs. per year = 29,000 hrs. at an average cost 
of-0.10/hr. - $2,000/year. 

t 

-35­



e. Estimated cost for supervision and management of 
maintenance effort. Estimated requirement: 

1 Chief Civil Engineer 

1 Civil Engineer 

2 Grade Foremen 

1 Chief Mechanic 

2 Clerical 

Assuming that the supervisory organization will be 
engaged also in maintenance rork on other roads in the province 
for approximately half time, the following cost would be charge­
able to maintenance supervision for the project road. 

Chief Civil Engineer 6 mo.X $50/mo. = 300 

Civil Engineer 6 mo.X $40/mo. - 240, 

Foremen 12 mo.X $35/mo. = 420 

Chief Mechanic, 6 mo.X $40/mo. = 240 

Clerical 12 mo.X 830/mo. = 360 

Total yearly supervisory.cost $ 1,560
 

f. 	Recapitulation of estimated maintenance cost. 

Initial Equipment Procurement Cost $ 123,000 

Replacement Cost 176,000 
Yearly Equipment Operations Cost 12,100 

Yearly Labor Cost 2,840 

Yearly Supervision & Management Cost 1,560 
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SECTION V: COMPARISON OF BENEFITS AND COST
 

Presented hereunder are two analyses of Benefit Cost values
 
which take into account comparative present values of Benefits
 
and Costs without and with consideration given to residual value
 
of the road afterthe analysis period.
 

A. Analysis of Benefit Cost ratio without consideration of
 
residual value of the road.
 

1. Cost
 

a, First Cost:
 

Construction Contract Cost $ 6,751,664 
Engineering, Supervision & 
Inspection 8001036 
Initial Mairt. Equipment 

Procurement I 122, 000 
$ 7,6731700 

b. Investment: 

Interest during constr. 
(2 yrs) 

7,673,700 X 0.5 X 2 X 0.05= $ 383,685 

Total Investment Cost
 
7,673,700 + 383.685 8,057,385 

c. Annual Cost:
 

Interest on Investment
 
= 40228698,057.385 X 0.05 


Amortization of Investment
 
- 24326718,0572385 X 0.030242 

Perennial I'laintenance 
Equipment operation cost (POL) 12,100 
Labor and Supervision cost 4,400 

Major replacement (10 years) 
Reserve Cost 176,00OX0.03024= 5,300 

Total Average Annual Cost 6687440
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2. Benefits - B 

a. Savings in Transportation Cost:
 

Amount of tonnage in 20 years using geometric progression based on 
national foreign trade trend over past 10 years (rate of growth 
= 6% comp). 

Amount of tonnage in 20 years based on current foreign and local 
trade tonnage of approximately 140,000 tons; 140,000 X 3.0255995 
= 423,583 tons. 

Present worth of savings thereon at $0.02 per ton km = $2.48 per 
ton; 423,583 X 2.48 X 0/37688946 = $395,917 

Present worth of series based on 6% volume increase (r) and
 
5% interest (i)
 

Initial years saving $347,200
 

Sum of all savings in 20 years - 347,200 X 22.12597 

Where 22.12597 = Product of (1r)J z + (1+r)2 1 

(:1+i) +) 

+(i+r) 19 X 1 + (3+r)20 X 1 87,682,136 
(1+i)17 (1+i)Zu 

Average annual value over 20 years; 

7,682,136 X 0,080245 616,453 

b. Additional revenues from Customs:
 

Customs revenues collected on foreign trade
 
through the province in 1961/62 amounted to approximately $825,000
 
and it is estimated that approximately one half of this value was
 
obtained on trade going through the project area. It is
 
anticipated that foreign trade activities through the project
 
area will increase at a rate at least equal to the national
 
foreign trade activities trend observed over the past 10 years 
which is considered to continue however at a slower rate of 6% 
per year in view of downward trend-noticed over the last 5 years. 
Additional revenues as generated by the stimulated foreign trade 
activities are estimated as follows: 

Amount of total customs receipts in 20 years 
(Projected on trade through project area only) 

412500 X 3.0255995 = 1,248,059 

Amount of additional receipts 1,248,059 - 412,500 = 835,559 

Present worth of this value 835,559X0.37688948 = - 314,905 
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Present worth of series 
Additional receipts in initial year 6% of $412,500 = $ 24,750 

Present worth of additional receipts for 20 years 
24,750 X 22112597 547,617 

Average annual value of additional receipts 
547,617 X 0.080245 43)943 

Total anticipated tangible benefits: 
a, Reduction in Transportation Cost $ 616,453 
b& Additional Customs Revenues 43.943 

$ 66O396 

Total Estimated Average Andual Cbst = 6681440 

Benefit - Cost Ratio Based 6b Above 0,988 

B. Analysis of Benefit-Cost ratio under consideration of
 
residual value of the road after 20 years and estimated as
 
follows., Residual 

Present % PV, Value 
Feature Value After 20 yrs. Hence 

20 years 
Embankmant 
Unclass & Borrow 
Overhaul 

Subbase Course 
Base Course 
POC Pavements 
Concrete Cutoff walls 
Expansion Joints 
Contraction Joints 
Riprap for Dip Section 
Grouted Hand pl. RR 
Cort Steel Culverts 
E.C. Box Culverts 
Hari River Bridge 

Bridge at Sta. 103 * 000 
Bridge at Sta. 106 + -150 
Bridge at Sta. 108 + 250 

1,503,250 
42,263 

11943,.287 
11417,699 

259,371 
1801315 
19,310 
11,011 

219,853 
641484 

1432905 
751919 

1,263,205 
83,276 
83,276 

240, 706 

60 
60 
40 
25 
70 
70 
30 
70 
30 
40 
50 
80 
80 
80 
80 
80 

901,950 
25,378 

777,314 
3542424 
181,559 
126,220 

51793 
7,707 

65,955 
252793 
71,952 
60,735 

1,010,964 
66,620 
66,620 

197,648 

$ 72551,700 

Total Residual Value after 20 years - - - - - - - - 3,946,632 

Present Worth of Residual Value 
3,946,632 X 0.3768894 = $ 1,487s443 
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i& 	 Cost 

a. 	First Cost: 

Initial Cost 7,673,700 

b., 	Investment: 

First Cost 7,673,700 

Interest during constz, 383,685 

Gross Investment 8,o571385 

Salvage Presnet Worth = 1,487,443 

Total net investment cost = 6,569,942 

e, Annual Cost: 

Interest on gross investment 
8,057,385 X 0.05 = 402,869 

Amortization of new investment 
6,569t942 X 0,030242 = 198,688 

Perennial Maintenance Cost = 16,500 

Major Retlacement Reserve Cost 5,300 

Total Average Annual Cost 623,457 

2. 	iBenefits 

(Same as in preceeding analysis)	 660,396 

Benefit-Cost Ratio Based on Above	 1,06 

Conclusion: The foregoing analysis indicate that the project 
is economically justifiable when the residual value of the project 
is considered in the evaluation of the B/C ratio; and it is 
believed that economibal justification of the project is further 
supported when considering the impact of the intangible benefits 
of the proposed project. 
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TABLE I
 

Test Pits
 

T. P. 
No. 

Comp 
No. 

.Depth i 
L.L. 

Plast. 4 
Index I Class 

Grain 
No. 4 

Size 
No. 

fo Passing) 
40 INo. 200 

3 1 10-30 - - -

4 

2 

1 
30-60+ 

0-30-
GKdGAM 

-

-

I 
I 

-

-

-

-

2 30-60+ GMd - I - -

7 3 0-90+ 22.6 ML-CL 99 86 55.6 
8 3 8-90+ 21.8 -I -

9 1 8-50 17.9 L 9631 56.6 

10 1 0-40 IIM 2405 
40-70+ 

12 0-60 22.7 CL 55.8 
13 60-75+ 

15 10o-60+ 
-2 4 

Slid 

17 8-30 1804 GA 27.3 

30-60+ 

19 8-60+ 

S 22 8-30 sid 

30-60+ 
24 10-60+ sid 39.2 
26 10-60+ 20.5 SLId 22.8 

27 10-90+ 21.8 SMqd 27.4 

28 28-60+ 

29 8-60+ SIdQ 25.4 

34 10-0'0+ S:_a 

38 10-50+ 

39 10-60+ 

42 8-30 21 2 20.8 

30-60 

48 0-90+ 25.9 73.9 
49 0-60+ 26.2 69.5 

50 0-36 26.9 CL 100 63.6 

52 1 1 10-90+ I 91 74 22.6 

contd 
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TPABL I - Test Pits (contd) 

Pu. P.; Comp.! Depth I Plast, Graifi SIze (%Passing) 1 
N. No. . om. I L.L. Idex Class !-To. A; No. 40 jNo. 2001 

54 i1 0-30 25.0 7.9 S 801 63 45.0 
2 30-60+ 23.3 6.1 GTH-GO 54 34 20.4 

58 

63 

3 

2 

0-50 

10- 65-+ 

26.8 

-

9.0 CL 100 92 
- j 

77.2 
-

63 1 8-70 - HP Svtd 100 85 38.2 

68 3 30-60+ 31.1 8.4 OL 99 92 82.7 

71 1 0-40 - - Snd - - -

73 1 10-40 20.7 0.6 s32a6 85 59 32.7 

74 3 0-65+ - - -

75 1 10-65+ - - S - - -

81 1 10-90+ 1 - SmI - -

83 5 10-90+ 30.2 19.3 L 100 98 86.3 

84 - 8-90+ - NP s1d 99 87 39.5 
89 2 10-75+ - - - - -

91 2 40-75+ - - - - -

94 1 0-75+ - - sld - - -

95 1 0-75+ - - 5ua - - -

97 5 10-40 35.1 19.4 CL 100 96 90.5 

98 2 10-90+ - NP 47 21 5.1 

100 1 0-90+ - - - I - -

102 1 10-60 21.9 6.0 STUn 88 57 18.3 
103 1 8-40 19.9 4.1 SEd 90 73 26.7 
106 - 20-90+ - NP S 96 79 10.0 

107 1 8-95+ - - SM - - -

113 - 10-90+ - - SP 97 55 6.0 

116 2 10-90+ - - - -

118 4 10-90+ 22.8 2.3 SHO 98 90 49.6 

119 4 10-75+ 20.8 5.5 s-so1-S 99 87 42.0 

122 4 8-90+ - NP SlMd. 98 93 25.9 

123 1 10-60 - - Sld - - -

124 4 10-75+ 23.2 8.7 SO 92 62 26.0 

126 5 0-5o 40.3 18.6 GL 99 84 51.1 
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TABLE I - Test Pits (contd) 

t ' P. Comp. Depth 
No. .1 No. cm. 

127 0-90+1( 

128 10-90+ 

130 0-40 

131 0-200+ 

135 55-90+, 

136 15-90+ 

140 10-90-4 

141 10-65 

142 10-80 

143 0-90+ 

144 10-90+ 

145 0-90+ 

147 0-90+ 

149 0-90+ 

151 40-90 

154 0-40 

158 60-90+ 

161 0-90+ 

165 0-90+ 

0-75+ 

167 50-90+ 
168 45-90+ 
169 0-90+ 

174 0-90+ 
r 

j 
IL.L. 

Plast 
I Index I Class 

Grain 
1Ho. 4 

Size 
2 0. 

foPassipn:i 
40 No. 200 

29.0 11.4 CL 92 42.3 

22.0 8.2 Sc 95 31.5 

26.4 3.9 HL 87 25.8, 

28.3 12.5 100 81.3 

20.0 0.7 ML 100 55.0 

HP ML 100 56.6 

22.8 6.0 SMu 93 25.2 

IP susd 92 23.8 

- I 
- I 

24.0 6,3 

26.2 

19.0 
33. 

7.2 Iir CL 

ML 

99 
100 

76.0 

58.4 
NP SM 98 3408 

26.1 10.0 rL 100 78.4 

-. 

9.0 200 76.9 

Page 42 



TABLE II 

Field In-Place Density Tests 
cI 

P. 
No. 

Comp. 
No. 

Depth 
cm 

Dens. 
PCFL 

Moist 
o 

CE-55 
Dens(POF) Moist 

optfo 55-55&05t o O-55 
I)Opt~oist 

4 1 8-23 !108.9 5.0 131.9 7.2 82.6 69.3 

2 40-55 116.1 3.1 139.0 6.0 83.7 51-7 

7 3 15-30 98.4 4.1 123.5 10.7 79.7 41.0 

8 3 15-30 9509 3.7 123-5 10-7 77.7 34.6 

9 1 10-25 91.2 5.9 131.9 7.2 69.1 81.9 

12 3 15-30 107.9 52.1 123-5 10.7 87.4 47.7 

26 1 13.25 lo6.o 6.7 13i.9 7.2 80.5 93.0 

84 1 15-30 96.4 .9-5 131.9 7.2 73.1 131.6 

97 5 15-30 1oo.8 13.5 122.2 12.5 82.8 108.0 

143 4 15-30 93.1 7 8 128.7 8.6 72.2 90.7 

149 4S 15-30 98.0 7.9 128.7 8.6 76.1 91.8 

e t 
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TABLE III 
Laboratory Soil WTst Results 

.~ 

M-Tx.Ieos. Opt.Moist. Class I Grain Sizo Des. 0BR 
Comp., Cz- 5' 0-55 Plast. & Porcont Paosing Siovae @ 95%/

"M'o). i Location (Lbs/court ) (Percent) L. L. Index Symbol IN No.o10 IN 40INo.200 *cE-55 Max 
Occurs Goners1:1 j Silty

1 between Sta 0+000 & 131.9 7.2 - NP Sand 89 82 65 35 Note (1) 
-dStyag9(+0 Sa 11 

Occurs inLormit bent- Gray. 
2 ly between Sta 0+00 139.0 6.0 NP Silty 70 51 29 14 Note (2) 

_ Sand ________ ____ 11+and. sta 112+270____ SITd 
Occurs Inlbornittont Sandy 

3 ly betwoen Sta 0+00 123.5 10.7 28 10 Loan 97 95 90 75 Noto (3) 
and Sta 112+270 Clay CL 
Occurs generally Sily 

4 betwoon Sta 97+000 128.7 8.6 - HP Sand 93 89 ( 80 43 Note (1) 
and Sta 112+270 SMS 11 
Occurs between Sundfy 

5 Sta 112+270 and 122.2 12.5 34 18 Loan 100 100 98 80 Note 4) 
Sta (Iran Broder) OLClayCL 

Note (1) This material is suit,ble for use as Golect borrow material. 
Note (2) This matrial is suitablo.for use as select borrow matorial and as subbase material when it 

meoes subbase specifications. 
Note (3) Whore this material occurs in the subgrade it will require coverage with at least 6" (15 om) 

-of selcot horrow wtorial such as that of composites I, 2 and 4. 
Note (4) Where this matorial occurs in the subgrado it will require compaction of the top 8 in. to 

90% of CE-55 max, donsmty and coverage with at lcast 23 (33 om) of soleot borrow material 
such as that of composites 1, 2 and 4, 
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I, C 

TAB.1L 

AGGRtGATE 

IV 

SOURCES r~ t' 

T. P. 
No. Location 

SSta 3 + 770 
6 

44 Sta 36 + OOC 
.. . 

137 It + 0 

Depth 
cm 

0-185 

0-120 

0-60 

Qty. Avail. 

Unlimited 

Unlimited. 

Unlimited 

Suitable L 
i For 2" 

Be, 89eBit. 8 
PO i.4 

Base 9 90 
2Cc, Bit.I 

.100 

Grain 
3/4"' No. 

68318 

70 41 

77 35 

Size (Pascing) 
4; Ho. 10 o.0N. 

34 26 
4 -6 

30 11 

22 12 

200 

5.o 
. 

3.0 

3.0 

Type­

cravel 
Gravel 

Gravel 

Gravel 

-

64 Sta 50+070 0-150 Limited Subbasc 100 92 64 50 30 4.5 Gravel 

109 Sta 50+070 
on 

billside Limited Subbase 100 81 43 31 8 1.1 Gravel 
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TA BLE V
 

Results of Laborabory Tests on Aggregates
 

T P. I'Past. Appunt. Absojp, MgSO 1 Sounm A.4.b- Stripp. Alkali Aggr. 

No. Station * 1 index Sp.Gr. Percent Loss Lne ason 
Reaotivity 

Type 

6 3 + 770 - NP 2.70 1.1 7.0 8.5 30.5 75 Inocuous IGravel 

44 36 + 000 NP 2.71 1.2 3.5 7.8 24,8 70 Slightly 
Delete­

, 
Gravel 

rious 

137 UP 2.69 0.8 1.6 4.1 22.4 75 (1)5Slightly(2) 
Delete- Gravel 
rious 

addition of anti-stripping agent if
(1) 	 High percentage of stripping -indicates necessity for 

aggregates are used in bituminous surfacing. 

(2) 	 Aggregates are slightly deleterious with respect to alkali reactivity and if used in concrete 

mixes they require the use of Portland cement containing no more bhan 0M6 percent of combined 

sodium and potassium oxides. 

ON 
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TYPICAL PAVEMENT SECTION 

FROM STA, 110+000 TO STA 12 + -345 

D1.S. I1D.. 
SUB0RADE BR :3 

-I IP 

03338, 

17T~a non 

IN CUT IN FILL 
NOTE : - 3 ' L 8 orDaP 

TYPICAL PAVEMENT SECTION 
FROM STA 0+000 TO STA. 110+000 

4 
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TYPICAL CONCRETE DIP SECTION SCALE 1:50 

NOTES: 

E: AL
a-ALL 

DIMENSIONSARE IN METERS. 
EXPOSEDEDGESTO RE CAMFERED, 
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STRUCTURAL NOTES : 

IHE ESIGNCWOMS TO THE E.A SCiRCATIS 
PR MIGAY MIDG S OF TEA .. M lC ASSOCIATINOF 
TATENSSAY ET EDITONMMC.L,SRI. 

S. BRIDGELOAmE. ... OR H20-81S.WICHEtKA PROmuCES 
MAXIMUMSTRESS. 

a. THE H0 REPRESENTS OFto TEN.A TAO AXLE TECK 

j 
b. THE H2DSI1 INDICATESA TEACPN THRICEOF to TON ES 

WEIGHTFOLLOWED Hl TON RINGLE AXLE SEMI-TiAILER.BYA 

II*-O* II'-O* 3. PELIMINARYDESIGNANDCOSTESTIMATEFORHAR MVER 
USBASEDON FOLLOWINB DESIM CONSIERATINS: 
WHIDMDEM - REFPNED CNCAETE 
.BRIDGEFRAMING- 3TRUCTGRALSTEEL 
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d.EAMING- FRICTION(4 BRAD BRATELTONB)AS S 

4. 	 PARLIMINARYEIGN. FOR OTHER THANSMI IR lMD. 1 
BASEDON REINFORCED T BEAMS ON REINCEDCONCRETETYPICAL SECTION FOR BRIDGES AT STA.103+015, CONCTE PIES ANDAMUTMENTS, 

106+800 100+275 (MAX. 40 FT. SPAN) 
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FINAL DESIGN a CONSTRUCTION SCHEDULE 
CALENDAR YEAR CALEN DAR YEAR 

PRINCIPAL FEATURE STIMATEDCOSTSCHEOULEJ F M A M J J A S 0 N D J F M A M J J A 5 O N J F M A M J J A 
FINAL DESIGN __ 

ADVERTISEB CONTRACTAWARD 

CONSTRUCTION CONTRACT 

MOBILIZATION 

BRIDGES 

CULVERTS 

COMMON EXCAVATION 

OVERHAUL (FILL) 

SUBBASEMATERIAL (IN PLACE) 

PC.CONCRETE (DIP SECTIONS) 

RIP-RAP 

STABILIZED AGGREGATESURFACING (IN PLACE) 
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NOTE LACK OF DRAINAGE IN A RELATIVE FLAT AREA. NEW ROAD WOULD HAVE TO BE 
RAISED AND DRAINAGE DITCHES PROVIDED. 
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NI 

TYPICAL WASH(WADI). SUCH WASHES ARE TURNED INTO RAGING TORRENTS OF WATER DURING RAINS AND ARE 

IMPASSABLE. NOTE WHEEL MARKS ON THERIGHT WHERE VEHICLES HAD TO GO AROUND A TRUCK THAT WAS STICK. 
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S 
0 

0 
S 

NOTE HOW ROAD WAS WASHED AWAY BY A FLUDING WAul. AIAiU M01% UUNtIriU 
OF ROAD WHERE WORKMEN ARE ENGAGE) AS WELL AS ROAD BEYOND WADI. 
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THIS IS A VIEW OF A DRY WASH (WADI). NOTE THE ABUNDANCE OF GOOD GRAVEL 
ALSO THE STOCKPILES OF GRAVEL IN THE BACKGROUND 

0 
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LA 

NOTE HOW SECTIONS OF ROAD WERE WASHED OUT SUE TO LACK OF DRAINAGE. AREAS SUCH AS THIS
 

WOULD REQUIRE DIVERSION DITCHES ON THE UPSTREAM SIDE TO DIRE9T THE WATER TO A CULVERT,
 

0 
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NOTE HOW ROAD WAS WASHED OUT AFTER A LIGHT RAIN. THERE WERE A NUMBER OF PLACES 
BETWEEN HERAT AND ISLAM QALA 
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TYPICAL AFGHAN TRUCK. NOTE HOW CAB AR&& HAZMI8i1 tJWUUU 
INCREASE LOAD AREA TO PERMIT OVERLOADING. 

0 
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A RAIN. BUILDINGS INNOTE PLOODED CONDITION OF ROAD IMMEDIATELY 	 AFTER 
IN ISLAM QALABACKGROUND ARE CUSTOMS BUILDINGS 



I r 

NOTE HOW SECTION OF ROAD WAS WASHED OUT AND VEHICLES DETOURED TO GET BY, 
SUCH AREAS RESULT IN A CONTINUOUS NEW ALIGNMENT OP THE EXISTING ROAD AS THE 
MAINTENANCE CREWS IMPROVE THE DETOUR RATHER THAN AfTEMPT TO RECONSTRUCT 

THE WASHED OUT SECTION. 
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FIGURES 2 THROUGH 29 
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