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50$ iron, 8$ sílica, 1.3$ phosphorous and 0.15$ sulphur, The 

siderite, containing about 40$ iron, 6$ sílica, 0,7$ phosphorous 

and 0.15$ sulphur, can be improved by roasting to about 48$ iron 

and 7$ of sílica. 

The estimated reserves, positive and probable, are as followsj 

1 - Barreiras Brancas deposit - 1,000,000 Tons 

2 - Monte da Gandeira - 500,000 Tons 

3 - Barreiras Brancas No. 1 - 500,000 Tons 

Total - 2,000,000 Tons 

Three-fourths of the ore v/ill have to be mined underground 

and condltlons are not favorable for cheap mlning. Percentags 

of extraction from underground cperations vrill probably be between 

60$ and 75$. Possibly one-fourth can be mined in open pits by 

stripplng both walls, but the cost per ton wlll be high, because 

the ore is narrow and would have to be cleaned by heavy media 

operation or by hand sorting before shipment. The líjnonite ore 

is not susceptible of concentration. The roasting of the siderite 

can be performed either at the mines or near Porto, whichever 

location shows the greatest economy, taking into consideration 

transportation and fuel ccsts. The mines should have a life of at 

least 10 years, with production of 800 to 1000 tons a day, which 

is about ali the railway would be able to handle. Truck haul to 

the rail head at Bragança would probably be prohibltlvely costly. 

If the narrow gauge railway were extended to the mines, there would 

be a haul by narrow gauge cars of about 172 km from the mines to 

Tua, where the ore could be transferred to the broad-gauge Linha 

do Douro - or, if the river were Improved for navigation, to barges. 
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If the railroad vrere extended to the mine, the freight rate to 

Leixões probably would be about 106$00 a ton, to which must be 

added costs of mining, delivery to rali head, roasting, and general 

expenses, ali amounting to about 80 escudos a ton. Dock charges 

and govemment tax aggregating 20|00 a ton at Leixões would brlrg 

the total cost FOB ship to about 206$00 a ton. Since the probable 

selling prlce of the roasted ore at Leixões would be about 209$00 

a ton, the profit margin would be only 3$00 a ton vdiich is so 

narrow that it is not felt that it would justify the rlsks in- 

volved. In any event, the exploitation of only 2,000,000 tons 

would not contribute significant tonnage for a long enough period 

to have much influence upon the economics of improvement of the 

Rio Douro for navigatlon, nor could it have, save briefly, much 

effect upon the general economy of the Nation. 

4. Moncorvo Deposits 

The Moncorvo deposits are the largest in Portugal and are im- 

portant both to the National economy and to the question of im- 

proving the Douro River for navigation. They are situated on the 

hills east of the town of Torre de Moncorvo in the Bragança dis~ 

trict of the Province of Tras-os-Montes, 22 km by narrow gauge 

railroad from Pocinho, and 20 km by road. They are 800 to 900 

m above sea levei and 200 to 300 m above the railroad, which in 

turn has a drop of 300 m from the llttle statlon of Carvalhal near 

the mines, to Pocinho. The ore caps the tops of hills which form 

a curve somewhat like a giant fish hook, 3 to 4 km long. On the 

slopes there are widespread deposits of float ore, which take the 

form of pebbles and small boulders as the bottom of the hill is 
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approached. 

The deposits must have been known to the Romans but they 

probably found the ore too hard to mine and too sillcious for 

them to smelt. There are 35 .icessions of 50 hectares each. The 

more prominent deposits were filed on by the Geraans some years 

ago and were held by them until the last war. They are now in 

the name of Companhia Mineiro De Moncorvo and are in litigation. 

The French Company of Schneider & Compagnie also acquired 23 

concessions, most of them having float ore only. Currently, a ■ 

company called Ferromlnas Lda., is operating on the concession 

Fragas da Carvalhosa, No. 290. It has shipped between 30,OCX) and 

40,000 tons of ore to England and vdll probably fumish 60,000 

to 70,000 tons more under its contract. 

Positive and probable reserves are estimated at 7^,000,000 

tons. The largest single deposit is that of Cabeço da Mua - 

40,000,000 tons. The Fragas^ da Cotovia and Creto de Mendel aggre- 

gate 25,000,000 tons. The Santa Maria and Fragas da Carvalhosa 

deposits contain about 5,000,000 tons each. There are estimated 

to be about 3,000,000 tons of float ore. Except for the float 

ore, the mining operation involves stripping, cleaning and the 

remo vai of the ore from open pits, 

The ore is too high in sillca to serve as the only feed for 

a blast fumace, Furnace-men do not llke to use ore which contains 

more than 18^ of silica as a rule, and the average silica content 

of the fumace charge should be 8$. The Carvalhosa ore shipped 

to Britaln is mixed there with a Welsh ore, very low in silica, 

and the mixture apparently has been found to be satisfactory, 
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but thls provldes a rather limited mrket. In general, the ore 

will have to be cleaned and concentrated, In order to avoid 

transportation of the waste material, beneficiation should be 

effected at the mine. Concentration can be accomplished readi- 

ly by cleaning by hea-vy media separation or by cyclone separators 

followed by fine grinding and flotation. Thls should yield a 

product containing 60^ iron and less than 10^ silica, in the ratio 

of one ton of beneficiated ore for each two tons of crude ore 

mined, If a central nd.ll is set up for beneficiation, the deposlts 

can be worked one at a time, so that the one ndll vd.ll suffice 

for the entire exploitation. After beneficiation, the ore would 

be pelletized, i.e., formed into pellets about 1 or 2 cm. in 

diameter. An aerial tramway would carry the pelletized ore dovm 

the movntain side to narrow gauge cars which would transport it to 

Pocinho. Unless the Douro were improved for navigation to permit 

barge haul, the ore would be transferred at Pocinho to the broad- 

gauge cars of Linha do Douro, and, if it were destined for export, 

hauled to Leixões. 

The cost of mining, beneficiation, pelletizing, dellvery to 

narrow-gauge railroad cars and general expense is estimated at 

110$00 a ton. Present rail charges from Carvalhal to Leixões, 

exclusive of transfer from narrow-gauge to broad-gauge cars at 

Pocinho, is 70$00 a ton. Transfer at Pocinho costs 2$00 a ton. 

Government royalty tax and harbor costs at Leixões add 22$00/ton. 

If the ore is concentrated to 60% iron and less than 10^ silica, 

it should sell for about 244$00 a ton at Leixões and should find 

a ready market at almost ali times, This indicates a profit of 
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about 40$00 a ton, which should be ample to attract capital to 

the enterprise. 

It should be practical to mine 2,000,000 tons a year, and to 

find ready markets for the resultant 1,000,000 tons of beneficiated 

ore if it were desired to export it. At this rate of production, 

the reserves would last about 40 years. 

With production stepped up to 1,000,000 tons a year, some 

reduction in cost of transportation and in cost of handling at 

Leixões should be realized. The railroad has kindly consented to 

consider the problèm of handling large volumes of ore to Leixões, 

and has indicated that if traffic amounted to as much as 2,000,000 

tons a year, it probably would move it from Carvalhal to Pocinho 

by aerial tramway or would run a broad-gauge track from Pocinho 

to Carvalhal. In such event, it would hope to establish a rate of 

60|00 a ton from Carvalhal to Leixões. Since no transfer at 

Pocinho would be entailed, this figure would be net to the shipper 

- a saving of 12$00 a ton under the present rate. With only 1,000, 

000 tons a year to handle, a broad~gauge extension apparently would 

not be undertaken, but there would, it is believed, be a substan- 

tial reduction from the present charge. 

At Leixões, it is anticipated that the handling of 1,000,000 tons 

a year would mean the enlargement of ejd.st.ing facilities and the 

installation of special equipment for the economical handling of 

the ore - with resultant reduction in charges to the shipper. 

If the Douro were improved for navigation, still larger savings 

(and proflts) would be made possible, The pelletized ore would 

be ideally suited to water transport, and its movement in the 
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annual volume herein contemplated would be the deciding factor 

in the economics of navigation improvement to Pocinho. The barge 

loading point probably would be about 4 km westward from Pocinho, 

It would be quite simple to continue the narrow-gauge tracks be- 

tween the rails of the broad-gauge line for the small additional 

distance required to reach a favorable site for loading. 

In so far as navigation is concemed, the prospect would be 

equally favorable if a domestic iron industry were established, 

since if the ore did not have to be moved, other raw materiais, and 

the finished prcducts would require transportation. 

5. Doirsestic Tron Production 

If, instead of exporting ali of the ore, it were desired to 

establlsh a local iron industry, a number of factors would require 

careful consideration, 

In or.der to convert the ore into iron, two other principal 

ingredf.ents are required namely, coal or charcoal, and limostone, 

Location of these necessary materiaishas an important bearing on 

the choice of a site for a plant, and still more important perhaps, 

is the location of the market for products. Of compelling im- 

portance also are power and water supply, In Portugal, most 

of the factors involved are near Porto, the ore being the only 

ingredient reqviring extensive transportation. This statement 

should be qualified oomewhat by notlng that the -devalopmcnt.of the 

Douro River for power will provide large sources of electric energy 

in the general region of the ore deposits, 

Portuguese anthracite is not a coking coal, althcugh some 

sort of coice could probably be made by mixing it with petroleum 
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distillation residuas orhigh vola&tle imported coals. The 

absence of coking coal requlres considerable research to determine 

the best type of furnace to use, but it does not per se preelude 

the production of iron. Iron was produced for years in the 

United States without coke, Recent developments in South Africa 

with the German Krupp-Renn process, may be applicable to the 

Portuguese problem. The matter is far too complex to be resolved 

by an investigation of the limited scope of the one just completed. 

The potentialities are, however, interestlng, and the importance 

of the iron ore deposits, particularly those of the Moncorvo re- 

gion, are so significant to the National economy as well as to 

that of the Douro valley, as to warrant their thorough explorar- 

tion and detailed study, to develop the most profitable methods 

for their exploitation. 
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CHAPTER V 

IRRIGATION 

1. Climatic Characteristics 

From the standpoint of hydrologlc characteristics alone, 

irrigation of garden crops and orchards in the Douro Basin in 

Portugal is desirable. The annual precipitation has a distinctly 

seasonal pattem vdth a marked deficiency of average precipitation 

In the months of June to September, inclusive. The duration of 

the summer dry season may vary from year to year, from three to 

five months, and there may be individual months of deficiency 

even in the winter or spring seasons. 

2. Topographic Conditions 

Even though irrigation may appear to be desirable from a 

hydrologic standpoint, there are several obstacles to the 

establishment of irrigation projects on a considerable scale, The 

first of these is the almost total absence of relatively levei 

tracts of land which could be served by a system of canais radiating 

outward from a central source of supply. The largest tracts 

are in Vilarica Valley at the mouth of the Sabor River and 

the Chaves Valley ("Veiga") in the Tamega Basin near the town 

of Chaves, The latter valley is now served by an irrigation 

system. Development of the former valley is discussed below. 

3. Present Land Use 

The second obstacle to the development of large scale irriga- 

tion is the fact that a large percentage of available land is 

devoted to vineyards for the production of port vdne. The 

irrigation of such vineyards is prohibited by law as irrigation 
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is considered to be detrimental to the quality of the port vdne, 

The arable land not devoted to vlneyards is used for garden plots 

and small fields of com, small orchards of oranges, lemons, figs, 

pears and apples. With the exception of the vineyards the pattem 

of agriculture use is broken up into many small plots because of 

the rough topography wich often necessitates extensive terracing. 

In the downstream reaches of the Douro near Porto there are many 

small land holdings. Under the above conditions irrigation by a 

system of canais is impracticable. The only altemative is to 

supply water by wells to individual tracts, a practice which is 

often followed now, 

4. Vilarica Valley 

A. Location - The most promislng site for a large-scale irri- 

gation project is the Vilarica Valley. This valley is located in 

the lower reaches of the Vilarica River, a small tributary of the 

Sabor River. The two rivers join at a point 3 km north of the junc- 

tion of Sabor and Douro Rivers. The main valley extends from the 

mouth of the Sabor River to the junction with the Vilarica River 

and then up the Vilarica River for a total distance of about 9 km. 

Th©' average width of the levei land within the main valley is 0.8 n 

km, making an area of about 700 hectares. The main valley floor 

varies in elevation from 104 m above sea levei at the mouth of 

the Sabor River to 126 m at the upper end. Above the end of 

the main valley, there is a second smaller valley of about 100 

hectares in area and at an elevation about 25 m higher than the 

first valley. 
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B. Previous Investigations - Extensive investigations of 

the land use and agricultural economics of the valley were made 

by the Juntà Autonoma das Obras de Hidráulica Agricola (now 

incorporated in the Hydraulic Services) in the period 1935-42. 

The area was mapped topographically to a scale of 1:2500 and a 

detailed survey was made of the soils classification and land 

use. The survey was conducted for an area far beyond the limits 

of the main valley floor, in that it extended 19 km upstream 

from the mouth of the Sabor River and to elevations 80 to 90 m 

above the lower valley. A total area of 2500 hectares was classi- 

fted. Of this total, 1744 hectares were considered to be irrigable 

by waters of the Sabor River, in accordance with a plan outlined 

below, 

The irrlgation of the Vilarica Valley was proposed by the Por- 

tuguese government in an overall plan for the multiple-purpose 

development of the Sabor River, The plan included a dam with pool 

elevation at 20? m above mean sea levei, to be constructed near 

Quinta das Laranjeiras on the Sabor River, for irrigation and 

power, A similar project has been studied in this report and is 

described in Chapter X, Because of the high elevation proposed 

for the Sabor River dam, it would be possible to transfer water 

to the Vilarica Valley through a tunnel at about elevation 180 m. 

This tunnel would dlscharge into canais which would command an 

area 1,000 hectares greater than the main valley. In addition 

to the gravity distribution system supplied by the tunnel, a pump- 

ing station would be constructed to lift water to areas located 

about 200 m above mean sea levei. There is considerable doubt as 
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to whether the areas with steep slopes and poor soil, located at 

elevations up to 75 m above the main valley, could be irrigated at 

a justifiable cost. 

The 10 year old estimates for the diversion tunnel, canais, 

pvjmping station, and the proportionate part of dam and reservoir 

costs chargeable to irrigation, total 28,000 contos, or 16 contos 

per hectare. Because of súbsequent increase in construction costs, 

the unit cost for irrigation under present day conditions would be 

about 30 contos per hectare. The above analysis is based on the 

assumption that the proposed hydroelectric development is justified 

and able to contribute about 98% of the dam and reservoir costs. 

As a development on the Sabor River for power production has low 

priority, it is not possible to justify irrigation of the Vilarica 

Valley from reservoir storage at the present time. 

C. Altemative developments - Before discussing any possible 

altemative developments, it should be noted that the area of re- 

latively levei land that can be easily served by a system of 

canais is 700 to 800 hectares, The average unit capital cost for 

justified irrigation projects in Portugal is 30 contos per hectare 

at present price leveis and for crops other than rice. On this 

basis, the capital expenditure for irrigation alone for the Vilarica 

Valley would be only 21,000 to 24,000 contos. It is obvious that 

such an expenditure will not pay for a dam and reservoir, no 

matter how small, and a canal system. 

(l) Diversion dam - A possible altemative is the con- 

struction of a diversion dam on the Douro River for the purpose 

of directing v/ater into main canais that would flow north against 
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the natural valley slope, If the distribution were made by 

gravity to the upper end of the main valley, the diversion dam 

would need to be 30 m high and would then become a major structure 

that could only be built at a cost many times the alloviable ex- 

penditure. When the proposed Pocinho project is built, it might 

be possible to divert water above this dam to the Vilarica Valley. 

(2) High-head pumps - In lieu of a high diversion dam 

on the Douro River, water could be pumped into the system of canais 

mentioned above by high-head pumps located on the bank of the Douro. 

O 
The required total capacity of the pumps would be about 1 m /sec. 

Because of the shallow depths prevailing in the Douro River in 

the summer it would be necessary to construct a low dam to raise 

the water to the required levei of the entrance weir for the pump- 

ing station. Such a dam would also be necessary to provlde sluic- 

ing facilities in order to prevent sediments from entering the 

pumping station. The pumping station would require protection 

against great floods. The entire installation would be less costly 

than a high diversion dam, but could not be built for the allow- 

able capital cost. The construction of the Pocinho power project 

would obviate the need for the low dam, 

(3) Deep-well pumps - The third altemative would be to 

irrigate the valley by a series of deep-well pumps driven prefera- 

bly by electric motora and serving a simple system of small canais. 

Before undertaking such a project,test wells should be driven to 

determine the quality and dependability of the ground water 

supply. If an adequate supply of hydroelectric power at reasonable 

rates can be obtained from the International Douro, an irrigation 

project of this type probably can be justified, 

V-5 



CHAPTER VI 

FLOOD COMTROL 

1. Flood Characteristics 

The great floods in the Douro River are generally concentrated 

in the six-months period from December to May, but may occur in- 

frequently In the months of October, November and June. The river 

is not continually in flood In this period and there may be periods 

of a month or more of low flow in these fali, winter and spring 

months. The floods result from -widespread meteorologic distuib- 

ances that generally approach the basin from the west and south- 

west. Because of the great extent of the drainage area comprising 

/ 2n the Portuguese and Spanish Ba sins (97,000 km ) ali of the component 

tributary areas do not receive heavy rains and produce flood peaks 

simultaneously. As a result of the general west to east movement 

of the storms, the peak floods in the Portuguese tributaries and 

in the National Douro generally occur before the flood peaks from 

Spain arrive. As 78% of the Douro Basin is in Spain, it is inevi- 

table that there is a substantial contribution to flood flows from 

this area. In major floods the Spanish contribution appears as a 

secondary peak in the National Douro one or two days after the 

major peak from the Portuguese tributaries, or merely causes a 

prolongation of the peak of the Portuguese flood. A chronological 

list of flood peaks in the National and International Douro are 

given in Tables VI-1 and VI-2. ( see pages VI-8 and VI-9')> 

The basin of the National Douro is mountainous and the main 

river and tributaries flow through narrow valleys, portions of 
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■which are canyons with almost vertical sides. The International 

Douro is an extraordinary canyon for 100 km. A similar topographic 

formation extends into Spain for another 35 km. About 45 km above 

the International Douro and near the city of Zamora, the ri ver 

flows through a broad plain for a distance of about 300 km. The 

important point to note about the topographic features in Portugal 

and along the Spanish border is that they do not provide any appre- 

ciable modification of flood peaks by natural valley storage, In 

Spain, peak flows on the main river are modified to a large extent 

by storage in the great flood plain above Zamora and by artificial 

storage in the Ricobayo Reservoir on the Esla River, a tributary 

that enters the main river about 20 km above the International 

Douro. Prior to the construction of this reservoir, the Esla 

River was the greatest flood producing tributary in the entire basin. 

The estimated flood peaks on the Esla River have always exceeded 

the corresponding flood peaks contributed by the entire basin a- 

bove Zamora. Although the Ricobayo Reservoir may always cause 

some reduction of flood peaks on both the Esla River and on the 

main Douro River, the effectiveness will depend upon the elevation 

of the power pool and the residual storage remaining at the time of 

a flood. In the great flood of January 1939, the peak inflow to 

the reservoir was 6,000 m3/s and the resulting peak outflow was 

3,500 m3/3. The estimated maximum discharge at Puente Pino in 

Spain, below the Esla River, was 5,220 ra3/s on Jan. 19 but the 

maximum daily discharge In Portugal at Régua was 6,570 m3/s 

Jan. 18. Without the reservoir, it is quite probable that there 

might have been a second peak in Portugal that was considerably 
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higher than the first. The distribútion of runoff in the 1939 

flood appears to have been unusual, because in most floods the 

peak contributed by the area in Spain is less than that resulting 

from runoff from the Portuguese trlbutaries. Because of these 

basin characteristics, the Ricobayo Reservoir can, in general, 

provide only minor flood control benefits in Portugal. 

2. Flood Danage 

Flood damage in the International and National Douro is small 

except in very rare floods such as those of 1860 and 1909. The 

International Douro suffers no appreciable flood damage in spite 

of the extraordinary range in stage of about 30 m between low 

water and the stages of major floods. The sides of the canyon 

are uninhabited and the only structures are a few grist mills. The 

simple machinery in these mills is dismantled in vdnter. Floods 

completely submerge the stone shelters and rubble weirs, but 

partly because of the small differences in head abcve and below 

the installations, the damage is not great and is repaired each 

summer. 

On the National Douro the principal damages in great floods 

are at Régua, Porto and several small resort tov/ns. In ordinary 

floods these places as well as the many "quintas" for the produc- 

tion of port wine are well above the flood levei. The railroad, 

most highways and ali railroad and highway bridges are above 

ali but the rare floods. 

The greatest floods of which there is depsndable knowledge 

in the National Douro were those of 1860 and 1909. Substantial 

damage occurred in these floods to waterfronttproperty at Régua 
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and Porto and to river shipping in the latter place. The most 

important floods in the last 33 years were those In 193é and 

1939 which had stages about 10 to 12 m lese than those of 1860 

and 1909 in the ri ver abòve Porto. Minor dajnageu-and;1 tnterferettice 

with shipping occurred at Régua and Porto. At both places the 

river bank rises sharply so that inundation even in the greatest 

floods extends only a few hundred meters from the normal ri ver 

channel. 

Economic justification for flood protection nrust be based on 

the average annual damages prevented, or the so-called flood con- 

trol benefits. These benefits must at least equal the annual 

charges (interest, amortization and maintenance) resulting from 

a capital expenditure for flood protection, In economic analyses 

for flood control, it has usually been found that the greater 

part of the total annual damages results from relatively frequent 

flood damages. The annual damage resulting from a great flood is 

relatively small because it is obtained by dividing the total 

damage by a recurrence interval of perhaps 50 years or more. For 

example, a 50-year flood may cause a 14,400 contos total damage 

but only 288 contos annual damage. If a particular protective 

work can prevent 80^ of this damage, the annual benefits for the 

work will be 230 contos. However, at a 5% annual charge, the 

capitalized value of the benefits will be only 4600 contos which 

would not permit very extensive works. If there were annual 

damages resulting from smaller floods, and if these damages were 

prevented, the amount would be added to the benefits (damages 

prevented) from the great flood against which protection is provided. 
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The above rather academic discussion is inserted in this re~ 

port to show that extensive flood control projects in the National 

Douro can not be justified, because of the infrequency of important 

damage even if there were not other physical obstacles. A brief 

discussion of possible methods of flood protection is given below., 

3. Possible Flood Protection Methods 

The two most common methods of flood protection are by upstream 

reservoirs, and by levees and channel improvements at damage centers. 

To obtain effective protection by reservolrs it is necessary to 

regula te the flow ir-om a large percentage of the total drainage area 

above the damage centers.,In addition, it is necessary to have 

relatively broad valleys for reeervoir areas. There are very 

few such valleys in the National Douro. 

The best reservoir sites in the basln of the National Douro have 

been stv.died for povrer developmont. If developed for effective 

flood control, ali the projects combined would control only 21% 

of the area v.ithin Portugal and 5 to 6$ of the Total area. Even 

if there were some reduction of the major flood peaks from Por- 

tugal, the contribution from Spain would pass throirgh unmodi- 

fied, Because of the narrow valleys on the main river, no 

effective flccd control storage could be obtained on the National 

or International Douro, 

The second flood protection method would be to construct 

levees or walls at important centers such as Régua and Porto. 

Earth levees are eldminatod at once because of the scarcity of 

suitable constructive material and because, by reason of the 
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vd.de base needed, the levees vrould occupy almost the entire 

area to be protected. Narrow vertical walls of reinforced con- 

crete could be constructed, but they would be objectionablè. 

because of their interference vd.th water front commerce at 

both Régua and Porto, -To protect against the rare floods, the 

walls at Régua would need to be so high that they would also be 

objectionable in appearance to property owners. 

A tbird but rarely applied method for preventing urban flood 

damages is to remove the property subject to damage, and to prevent 

further bulldlng in areas subject to damage. As property becomes 

obsoletr, it can be tom down and rep?.ac0d by dock loadlng facili- 

ties, parking lots, parks and rocreatlonal areas, Resebtlement of 

the inhabitants must be at govemment expense, but the net benefit 

to the regional economy, in the case of Régua and Porto, would 

appear to be greater than an investment in rarely used protective 

works. 

Protection of the Vilarica Valley from frequent inundation 

would be desirable if it could be obtained at a reasonable cost. 

Flooding of the valley results from either high stages in the 

Douro River alone or from the coincidence of flood stages in 

both the Sabor and Douro Rivers. Protection from Douro River 

floods might be obtained by constructing a dam about 30 m high 

across the mouth of the valley, However, such construction would 

require provision for passing floods from the Sabor River. If the 

latter floods occurred during high stages in the Douro, it would 

be necessary to create a differential head within the Vilarica 

Valley in order to pass the Sabor River floods through sluices 
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In the dam. The creation of such differential head would result in 

interior flooding of the valley. If the tributary area within the 

protective works were small, interior flooding covild be prevented 

by providing large drainage pumps. Such a solution for disposing 

of Sabor River runoff would be prohibitively expensive. If topo- 

graphic and hydrologic conditions were more favorabie, consideration 

might be given to diverting the Sabor River directly to the Douro 

River and by-passing the Vilarica Valley, but such a solution 

is out of the question. 

A second method for protection of the Vilarica Valley would 

be to construct levees along one or both sides of Sabor River and 

Vilarica Creek channels. Such levees would connect with the hills 

at convenient points in order to inclose completely the areas to 

be protected, Such levees would need to be more than 20 m high 

near the mouth of the valley and for such a height would require 

a minimum base width of 125 m. It is obvious that the cost of 

such large structures could not be justified for the protection 

of such relatively small tracts of agrlcultural land, Pumping 

plants might also be required for the leveed areas, to evacuate 

local rainfall and seepage durlng periods of high stages in the 

Sabor or Douro. 
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TABLE VI-1 

FLQODS OF DOURO RIVER aT BUEITE PINO - 

DRAIMGE ÁREA - 63.300 Km2 

FLGOD (!nr/s 

1930 2250.000 

1931 1968.750 

1932 2250.000 

1933 2015.625 

193A 1459.375 

1935 2500.000 

1936 3425.000 

1937 1828.125 

1938 1100.000 

1939 5250.000 / 

19A0 2062.500 

194-1 2250.000 

194-2 1100.000 

1942-4-3 1731.250 

1943-44 875.000 

1944-45 543.750 

1945-46 1875.000 

1946-47 2918.750 

1947-48 2250.000 

1948-49 375.000 

1949-50 403.125 

1950-51 2625.000 
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STATISTICAL STUDY 

TABLE VI-2 

OF THE GREATEST 

AT BITETOS 

ANNUAL FLOOD FLOWS 

Hydrologic 
Year 

HighesJ 
(m-? 

1922-23 2,910 

1923-24 6,025 

1924-25 2,600 

1925-26 6,225 

1926-27 4,980 

1927-28 4,980 

1928-29 1,350 

1929-30 4,275 

1930-31 2,950 

1931-32 1,925 

1932-33 3,750 

1933-34 1,925 

1934-35 3,150 

1935-36 7,050 

1936-37 6,100 

1937-38 5,500 

1938-39 7,250 \\ 

1939-40 4,025 

1940-41 5,250 

1941-42 1,700 

1942-43 4,475 

1943-44 1,510 

1944-45 1,080 

1945-46 

1946-47 
Vl-9 

3,150 
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CHAPTER VII 

NAVIGATION 

1. Present Coramerce 

The present vvater-bome coramerce of the Douro River consists 

mainly of coal and wine. About 260,000 tons of coal per annum are 

produced by the Pejao tlines and almost ali of it is transported 33 km 

dovmstreara to Porto by a fleet of 90 rabões wooden craft with model 

(strearalined) hulls 21.7 m long by A.95 m wide and raeasuring 1.A5 m 

from keel to rail (see Plate 5a). The normal cargo, carried loose 

in the hold, is 60 tons. The rabao has very little freeboard under 

full load. The rabões are steered by a long stern sweepj are propelled 

dovmstreara by the current; and upstreara by raeans of a sail when the 

wind is favorable. When there is no wind, they are pulled by a motor 

boat, poled, or (in certain reaches) towed by oxen. Sometimes the 

river stage falis so low that 6-ton cargoes have to be lightered from 

Germunde past the Carvoeiro shoal, a fe*.7 kilometers dovmstreara, and 

combined at the latter point to forra the standard loading. Occasionally, 

truck haul over poor roads ali the way frora the mines to Porto is neces- 

sary. 

The port wine now carried by the river is loaded at a nuraber of 

points between Cinfães and Pocinho, 39 and 179 km by river, respect- 

ively, above Gaia (directly across the Douro River from Porto), which 

is the clearing point for wine produced in the Douro region. During 

the period 1939-1951, an average of a little over 5,000 casks a year 

moved by river and over 32,000 casks a year by rail. A full cask weighs 
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750 kg. The empty casks, which are returned upstream for refilling, 

weigh 100 kg each. 

VJhile coal and v/ine constitute the significant river coinnerce 

from tke standpoint of tonnage, there is some dovmstream movement of 

miscellaneous cargoes such as firewood, brush, cork, grain, flour, 

chestnuts and fruit, 

2. Potential Cominerce 

A. Miscellaneous commodities - For purposes of appraising the 

econonic justification for improving the Douro River for navigation, 

the future movement of the miscellaneous commodities mentioned above 

is not believed likely to prove decisive, because the tonnage is com- 

paratively slight. A significant addition raight be the future upstream 

movement of fertiliaer. Portugal as a whole, imported over 370,000 

tons of fertiliaer in 1951, bub data as to the tonnages and destinations 

of that used in the Douro basin are not available. 

B. Coal - The mining program approved by the management of Empreza 

Carbonífera do Douro, the operators of the Pejao mines, contemplates the 

production, beginning v/i th 1953, of 360,000 tons of coal a year. If the 

procedures advocated by Pierce uanagement in its Coal Eeport (Appendix A) 

are adopted, the annual output would be about 383,000 tons, but if a 

therraal pov/er plant were built at Germunde to bum the processed coal, 

it probably v/ould consume about 92,000 tons of that output. This 

v/ould reduce the dov/n-river shipments to about 291,000 tons a year. 

For purposes of the navigation study, the last mentioned figure 

has been used, which may be too conservative from the navigation stand- 

point. If a thermal plant were built to bum the lov; grade U% ash coal, 

VII-2 



noraally left in the ground, a vashin^ plant v/ould not be built. It is 

then concaivable that fche proposed output of 360,000 tons of fuel, for 

sale on the open market, v-ould be uined, in addition to the 168,000 tons 

of low grade 1+% ash coal, to be consuiiied locally. 

Pierce .Management estimates a probable life of about 3^ yearsfor the 

mines, if 333,000 tons a year of cleaned coal are produced by processing 

the products of full seam nining, but these estimates are based on drilling 

done to date. The regional geology indicates the possibility of reserves 

under large tracts that have not been drilled. It therefore seems reason- 

able to assume at least a 40 year life for the mines under whatever program 

of exploitation that rauy be adopted. 

G. V/ine - The Douro Valley produces annually a large volume of table 

wines and is the source of ali port wine. The annual production of port 

wine is about 28,000 tons and of other wines is almost tv.àce that amount. 

The handling of the crop entails, in àddition to the downstream move- 

ment of the v/ine, the upstream moveraent of 12,600 tons of empty wooden 

casks and over 3000 tons of brandy. A small portion - perhaps 1$^ - of the 

crop now moves by water, and it does not appear too far-fetched to assume 

that with provision of adequate navigation improvernent, as much as might 

do so for the follov.ing reasons: (1) water transport is cheaper; (2) the 

wine originating inland must in any event be hauled in trucks or carbs or 

in narrow gauge railroad cars to the broad gauge railroad which traverses 

the river bani': and there unloaded and transferred; (3) shinpers seem to 

prefer water transport because it eliminates the damage to casks from the 

jostling and rubblng received on the sharp curves of the railroads. 
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D. Ore - As pointed out in paragraph 4 of Chapter IV, there is 

a potential movenent of about 1,000,000 tons a year.for ábout U0 years 

of beneficiated laartite ore from the Moncorvo area to Porto or Leixões, 

3. Navigation Iraprovements Required in the Douro River 

General - Because there appears to be no river traffic of con- 

sequence, either present or potential, above Pocinho, the portion of the 

stream considered for iraproveraent of navigation is the distance of about 

18A Ian between the mouth and Pocinho. The total distance in tum divides 

naturally into the portion between Porto and the sea, called for conven- 

ience Foz do Douro, or the mouth, the portion (67 Ion) between Porto and 

Carrapatelo, the most downstream of the hydroelectric daras considered, 

and the reach between Carrapatelo and Pocinho, improveinent of which for 

the generation of electric pov/er is under consideration. 

B. Type of navigation selectcd -For purposes of planning for nav- 

igation improvement and computing costs and savings, a navigable depth 

of 2.7 ra (9 ft.) has been selected. It is a depth widely employed for 

inland waterways of the United States and found usually to afford a 

satisfactory balance betv/een economy of transport and first cost and 

maintenance cost of waterway improvements - although the trend of late 

years has been toward still greater depths. The greater the depth, the 

greater in general, is the capacity of a given tow, and the lower the 

cost per ton-mile of freight movement. 

On the Douro River, the principal tonnage vdll be iron ore from 

the tioncorvo mines. It is believed, therefore, that the character of 

the works for improvement of navigation should be governed in large 
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measure by the needs of that traffic. On the basis of experience 

elsewhere, a steel hopper barge 175 ft. long by 26 ft. wicie (53.5 m 

by 7.95 m) weighing about 136 metric bons vvas selected as best raeeting 

ths Moncorvo ore brade requiremenbs. Considering bhe sinuousiby of the 

sbream, bhe lengbh of haul involved, and lockage requiremenbs, ib appeared 

bhab four such barges, lashed bwo abreasb and propelled ahead of bhe bow 

boab, would consbibube bhe mosb sabisfacbory size of bow. Where condi- 

bions permib, ib is believed bhab propulsion of bhe barges ahead, rabher 

bhan bovàng bhem asbern by means of hav:sers will be found bhe mosb econ- 

omical means of moving cargo. 

C. Developmenb from Carrapabelo to Pocinho - The rise in the river's 

normal v/ater surface in the 116 Ion from Carrapabelo to Pocinho is about 

94. m or an average slope of a little over 0.8 m per loa. The swiftly 

flov.ãng stream twists its v:ay through granite and schistose hills v/hich 

rise sharply on both sides - sometimes, in the case of the granite, so 

steeply as to form canyons. Occasionally its course is interrupted by 

rapids. In places patches of rock protrude above its surface. When 

the stage permits, a fev/ shallov; draft rabelos and rabões negotiate 

its difficult course, with cargoes of vrine, fruits or chestnuts or 

various other products of the region. 

Improveraent for navigation by means of low daras only vrauld be 

costly and would require many locks, but ths very features which are 

unfavorable to shipping are favorable to the developmenb of power. The 

reach could be mosb advantageously developed for pov/er production by 

the construction of three daras ab the Carrapabelo, Kegua and Valeira 

sites respectively (see Plate 16), v/hich would create slack v/ater 
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pools having depths of 27 to 36 in at the dams, and gradually dimthish- 

ing in depth upstream, until, near their upper ends, deepening would 

be i^equired to provido 2.7 ni depths. 

As there is some navigation at the present time, it would appear 

that even though they were built solely for the generation of electric 

power and vvithout thought of improving the streaia for navigation, the 

three dams v/ould have to provide some means for passing the craft that 

now ply the river, It has been assumed, therefore, that each dam 

would be equipped with a small lock, about 11 n wide by 4-5 ni long, 

capable of locking through 4- craft at a time of the rabelo type. 

Because of the difference in elevation to be overcome, it seems probable 

that the lift would be in two stages at each dam. As traffic is not 

heavy, and schedules are probably rather casual, it is believed that 

operation of the locks 16 hours a day would prove acceptable. 

For ore tov/s of the type planned after iraprovement for 2.7 m 

depth of navigation, the locks again would be double-lift structures, 

but larger lock chambers would be required. The dimensions selected 

were a width of 56 feet (17 m) and a usable length of about 280 feet 

(85.5 k). Such a chamber will accommouate two ore barges abreast, with 

a 32 m tow boat astern. It is easy to breal: a barge tow crosswise and 

reasserable it, but time-consuming to break it lengthwise and reasserable 

it. In ucing a lock chamber of 17 m by 85.5 m, a four-barge tow would 

place the two forward barges in the chamber and back out: then, when 

they had been locked through, enter with the two remaining barges; 

and be locked through^ and then reascemble its tow and proceed. 
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The lakes created by the power d aras would raise the mter surface 

to such high elevations, that the distance between banlcs would be 

greater than at normal stream leveis. This would peruit vessels to 

pursue a less sinuous course than would be necessary if they had to 

follow the low water raeanders closely. In the upper ends of the pools, 

however, original conditions of depth and sinuosity would continue to 

prevail and in order to provide for tows of the type envisioned, some 

vrork of channel deepening would be required. 

(1) Cost of locks - The estimated costs of the locks required 

for ore tows are as follows: 

Contos 
Carrapatelo Dam 102,325 
Régua Dam 76,74-3 
Valeira Dam 55.664 

234,732 

The estimated costs of locks of 11 by 45 

meters required if navigatlon is not improved, are as follows: 

Contos 
Carrapatelo Dam 57,266 
Régua Dam 42,949 
Valeira Dam 31.153 

131,368 

The differences between the costs of the 

large and small locks, chargeablc to navi^ation improveraent, are as 

follows: 
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Contos 

A5,058 
33,79A 
2A.511 

103,363 

(2) Cosi of channel excavation - As, where power is involved, 

the pool of one dam cannot be ailovíed to raise the tailvmter of the next 

installation upstrean, it would be necessary to excavate a channel in 

the rock of the river bed iinraediately belov; each of the three power dams 

at an estiraated aggregate cost of about 4.6,64.5 contos. 

(3) Operation and maintenance of locks - Lock crews are 

assuraed to include, for operation 24. hours a day, 7 days a week, one 

lock master and six laborers. For a lock v.ith t\/o lifts, the cost per 

annura \.o\iLd be about 402.5 contos. 

For the small locks, operated only 16 hours a day, the cost per 

annum would be 307.3 contos. Thus, the operating cost chargeable to 

navigation would be 100.6 contos for each of the three dams. If the 

additional ordinary maintenance and repair charges of 115.0 contos 

which the larger locks would entail are added, the annual cost of 

operation and maintenance chargeable to improvement of navigation 

becomes 215.6 contos a year for each set of locks. To this total must 

be added about 521.5 contos for annual channel dredging below the dams. 

D. Development from Porto to Carrapatelo - 

(1) General considerations - Between Carrapatelo and Porto the 

river gradually widens, and as the sea is approached, the slope flattens. 
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The range in stage between low water and extreme flood, almost 30 m 

at Carrapatelo, is not much more than 12 m at Ponte de Liaria Pia in 

Porto. The effect of ocean tides is felt for about 23 upstream, 

to Pe de Moura. The range in tide at the mouth is about K m. 

Hydrographic aero is 1.93 m belov; iaean sea levei and mean loví 

tide is 1.03 m below nean sea levei. The bottom of the proposed navi- 

gation cbannel was tai^en as 2.7 m below mean low tide. This means, 

of course, that during extreme low tides, which have been known to 

reach minimun elevation of 2.13 meters below mean sea levei, there 

will be less tlian 2.7 meters depth in the channel unless the volume of 

river discharge is large. As extremes of low tide are rare, however, 

mean low tide is believed to be a rational datum for river navigation. 

V/hile the lower Douro River flows between rock banlcs, its bed is 

sand, to depths beyond those to which explorations thus far have pene- 

trated. The bed profile is irregular, v/ith shoals and deeps alternating, 

but upstream from Ataes, 9 km above the D. Luis Bridge, the river bottom 

lies almost continuously above the elevation selected for the bottom of 

the navi0ation channel, i.e., it is almost continuously less than 2.7ra 

below mean low tide. 

The lower Douro River moves so mtich sand during floods, and the 

rise in river bed, while less per kilometer than in the upper reaches, 

is still so steep, that maintenance of a channel by dredging between 

Ataes and Carrapatelo, a distance of some 53 km, seems impracticable. 

Even after the pouer dams are built, the Taraega, Paiva, Arda, Sousa and 

other lesser tributardes will continue to brinu down sand, and it is 
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believsà that much sanei also v;iH pass the raain river daras during floods. 

The alternative to channel aredging is the creation. ol' poois 01 sul- 

ficient depth by the construction of navigation daias. To provide 2.7 m 

depth for navigation to Carrapatelo, two dans v/ill be needed - one near 

Ataes and one farther upstream. Inquiry among boatmen plying the river 

elicited the inforraation that uhile the river bed is of sand almost every- 

vrhere, there are tv/o places at v/hich it is rock. One v;as said to be at 

Ataes and the other near Entre-os-Rios. Thare are no probings or borings 

to substantiate this contention, and as the river never falis low enough 

for the bed to become visible frora shore to shore, there is an element of 

doubt; v;hich can, and certainly nmst be resolved before final decision as 

to the exact location and type of dam is made. 
I 

On the basis of the statements made, hov/ever, it was decided to select 

Entre-os-Kios as the site of the upper navigation dam. The elevation of 

the river bed fixes the position of the lov/er dam at or near Ataes. 

(2) Ataes Paia and Lock - The height of Ataes Dam is didtated 

by the requirement that a depth of not less than 2.7 m be maintained to 

the vicinity of Entre-os-Rios under ali conditions of flov;, wliich calls 

for a normal pool of elevation of 6.7 m above mean s&a. levei. The most 

economical means of providing such a pool v/ould be a solid concrete weir 

v.dth crest at elevation 6.7 m, equipped vdth a lock for passing boats 

and tov/s. There v;ould be continuous flo\; over the crest of the v/eir so 

that the v/ater surface vould alv/ays be above elevation 6.7 m, by amounts 

which would vary vã th the changing volume of the river1s discharge. The 

greater the volume of flow in the river, the higher would be the stage 

.. ^ 
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at Ataes, of course, but the less jould be the surcharge - that is, 

the less v/oula be the ãifference betv;een the stage at Ataes correspond- 

ing to a given rate of flow under present conditions and the stage v/hich 

this saiae rate of fio;; v/ould produce after the weir v/as built. The in- 

creases in v.ater levei occasioned by the v/eir vvould extend upstream for 

varying distances dependent upon the volume of fio;;. The follov/ing 

comparison illustrates ho;/ the effect of the v;eir varies v.dth volume 

of discharge. 

Flov. at Ataes Elevations in meters Surcharge caused 
m3/s  above sea levei by v/eir (meters) 

Belov; wèir Upstream from 
(natural sta^e) v/eir 

(increased staae) 

A000 6.7 10.18 3.48 
6000 9.0 11.18 2.18 
7000 10.1 11.75 1.65 
9000 11.9 13.13 1.23 

The surcharge vrould gradually uisappear. In the case of the 9000 m^/s 

flood for example, the influence of the v/eir should not be apparent for 

more than about 12 Ion. Inspection of the contour maps of the rive^s 

banks above Ataes does not indicate that significant flood damage 

v/ould be likely to result from the stage increases rhich a solid v/eir 

v/ould induce. 

It is evident, hov/ever, that v/ith differences of the order indica- 

ted above betv/een headv/ater and tailv/ater elevations, there v/ill be 

extremely high velocities in the vicinity of the v/eir. It r/ould be 

essential to mmke a careful study of tliis aspect of the problem before 
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deciding upon a solid vveir, and either to malte certain that the bank 

materiais contiguous to the end of the \7eir v;ere sufficiently rugged 

to withstand the high velocities, or to take measures to prevent damage 

if the rock v/ere too v/eak in its nabviral state. 

If the gates of the navigation lock v/ere carried to about eleva- 

tion 10.7 m above mean sea levei, the lock could be used until volume 

of flovi reached 4000 rn^/s. For greater flows, the lock would drown 

out and navigation vrould have to be suspended until volume of flow 

again decreased beloi; that figure, A flood of 4000 m^/s corresponds 

to about the flood of tv/o year frequency. It uould be feasible to 

carry the lock gates and walls higher, but as this would increase 

costs, and as maneuvering in the river near its mouth must be quite 

difficult during large Douro niver floods, it is assumed that there 

will be little traffic moving at such times, and that perhaps, as 

representing the abeolute miniraum of construction cost, a lock to 

this height and interruption of navigation at 2 year intervals would 

be permissible. Of course, the lower the flow at v/hich the lock 

drovms out, the longer and the more frequently will it remain out of 

commission. 

A single-lift lock, excavated from solid rock on the left bank 

would have a usable chamber length of 450 feet (138 m) and a width 

of 56 ft. (17 m) and would accommodate an ore tow of four barges, two 

abreast, wlth the tow boat astern. 

The construction cost of a lock and solid weir at Ataes, of the 

character and dimensions discussed above, founded upon sound rock 

VII-12 



í 



MASTER PLAW AKD RAPORT 
% 

ENGIWEERIKG MD EGOiMOluIG STUDY 

ojnjifa fáltèrte* 

jocLíto tarjes j^rvc* ^ 

J)^/;^ Â fy^fréíy /^Ccc.r/^ 

DOURO RIVER 
MD 

TRIBUTARIES VVITHIN PORTUGAL 

PilEPARED FOR 

MINICTER OF TKE PRESIDENCY 
G07ERMMLNT OF PORTUGAL 

iJAitCH 1953 

\ 

MAPEM-TIPPETTS-AtíBLÍT-ivicGARTHY 
ENGIULERS Ntv: YORIÍ, N. Y. 



Knappen-Tippetts -Abbett-McCarthy 

Engineers 

(Knappbn Tippetts Abbett Engineering Co.) 

62 West 47th Street 
Ernest F. Tippetts New YoRK 36.N. Y. Cable Address.- 
Robeht W. Abbett   "Knapbng New York" 
Gerald T. McGahthy PLaza 7-8001 
William Z. Lidicker 
James H. Sthatton 

March 16, 1953 

The Mini«ter of th© Preeidenoy 
Qovemnent of Portugal 
Liahon, Portugal 

Tour Excellency: 

Pursuant to th© terms of Article I of th© Agreenent, dated 
Nov©mb©r 1, 1951, between th© Government of Portugal and Knappen-Tippetts- 
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SUMLíARY 

1. Objectives 

The objectives of the report on the "Sngineering and Econoalc 

Study of the Douro River and its Tributaries in Portugal" under- 

taken by Knappen-Tippetts-Abbett-McCarthy, Engineers, under an 

agreement uith the Government of Portugal dated November 1, 1951, 

are to discuss and recommend the successive steps to be taken in the 

coordinated developraent of the Douro River and its Portuguese trib- 

utaries for hydroelectric and therroal power, navigation, flood con- 

trol and irrigation. 

2. C ons iderations 

In arriving at the objectives,the principal aspects of the national 

economy considered are: the present electric power production and 

transmission system of Portugal; present and indicated future power 

requirements; the generation of additional hydroelectric energy by 

the construction of neiv projects on the International Douro, the 

National Douro, and its Portuguese tributaries; generation by a thermal 

plant buming Douro Basin coal; the manner in which the output of the 

proposed neve projects veould fit into the overall power requirements 

of the nation; the extent and character of coal and iron ore 

deposits in the Douro Basin, and the methods of exploiting them; 

flood control; irrigation; and navigation. 

3. Findings 

A. Present facillties - The study has disclosed that the elec- 

trical generating facllities now existing (or under construction and 
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soon to become operativo) including thermal plants vvlth a total firm 

capacity of about 100,000 ku, are capable of supplying firm energy 

in sufficient quantity to meet ali requirements until sometime in 

1956, if completely integratod and operated as a power pool, The 

present raethod of operation, houever, influenced by a rate structure 

v.hich provides revenue for energy only, tends to result in the de- 

pletion of storage reservoirs to such extent in years of normal 

stream fiou that the recurrence of sustained periods of lou stream 

flow will be attended by pouer shortages and interruption of indus- 

trial production. The thermal supplement is not capable of compen- 

sating for the deficiencies in hydro generation during sustained 

dry periods. 

B, Integration of facllities - Canplete integration and power 

pool operation will roquire, in additieon to a revision of rate 

structure to incorporate demand as well as energy charges, a network 

analysis to insure proper physical and electrical coordination betueen 

the numerous items of equipment and transmission networks comprising 

the system, and a National Load Dispatcher fully empowered to operate 

the facilities to the best advantage. 

C, Growth in demand - Sven uith pov.er pool operation, the indi- 

cated grouth in demand is such that by 1960 there will be a shortage 

of about 67,000 kw of dependable capacity, unless additional plants 

are built. By 1965 the deficiency will be 151,000 kw, and by 1970, 

about 263,000 kw, 

D, Douro hydro plants - The volume of fiou of the Douro River is 

sufficient to operate large run-of-the-river hydroelectric plants. 



The plants uill have no store.ge of consequence, but fortunately their 

output can be firmed up by the largo storage plants of the Zezere and 

Cavado Rivers. By taklng advantage of this ideal situation, 2^4>800 kw 

of dependable capacity can be provided by plants on the main Douro 

River, at a construction cost including transmission lines and access- 

ories, of 2,863,200 contos. Of the total dependable capacity, 14.6,200 

k\v can be provided by development of the International Douro at a cost 

of 1,348,700 contos, and 98,600 lai; by development of the National 

Douro at a cost of 1,514>500 contos, 

The most advantageous sites are on the International Douro as the 

foregoing figures indicate, and of these the site 22,4 km above the 

mouth of the Tormes River is the best. It is known as the Picote 

site. A gravity concrete dam about 100 m high at Picote with head of 

74 m, uill cost, including a 150,000 kv tu'o-circuit transmission line 
SH. poo 

to Ermesinde substation at Porto, 529,000 contos, uith 93,000 kit of 

installed capacity, it will provide, assuming power pool operation 

and 1960 load conditions, 63,600 kv; of dependable capacity (almost 

the total 196o indicated deficiency) and will deliver 529,000,000 kithr 

of usable energy to the Ermesinde bus bar at a cost of 6.111 escudos 

per kwhr. Tu o other dams, at Miranda and Bemposta, 62 km and 8 km 

respectively, above the Tormes River, are needed for full development 

of the International Douro. Four dams, at Carrapatelo, Régua, Valeira, 

and Pocinho, respectively, are required to develop the National Douro, 

The projects on the latter are nearer to the Ermesinde substation 

than are those on the International Douro, and the three louer national 

river projects have raodest collateral benefits frora navigation, but 
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these combined advantages are insufficient to counteract those inherent 

in the narrower, deeper, canyon and steeper slopes of the International 

portion of the river. On the basis of 1960 demand, the cost of energy 

at Ermesinde from Carrapatelo, the best of the National Douro projects, 

uith optimum installation of 87,300 ku (if built as the first plant), 

and a dependable capacity of A5,800 b;, uill be 0.135 escudos per 

kuhr after crediting the project uith navigation benefits. This 

compares with 0.124. escudos per b>hr for Miranda, the least favorable 

of the International sites. 

E. Plnnts on trlbutaries - The economias of the pcwer projects 

investigated on the Portuguese tributários are less favorable than 

those of the projects on the main river, because of the lou flous of 

the tributaries and the costly dams required, supplemented In some 

instances by long uateruays to the generating stations. A number 

of good storage sites exist, but because of the long duration of the 

criticai drought period, the dependable capacity each could add to 

the systen in the absence of main river plmts, or even with the 

International Douro developed, would be relatively small. 

F, Coal reserves and thermal pouer - The study has disclosed 

at Sao Pedro de Cova mine, near Porto, "certain" and "probable" coal 

reserves totaling 10,783,000 tons. If the certain reserves plus half 
I CH. 

of the probable reserves be taken as the most probable measure of 

available tonnage, a mine life of about 25 years uith present pro- 

duction rate of 260,000 tons a year is indicated, on the basis of 

1% recovery. 

At Pejao, there are certain reserves of 10,583,000 tons and prob- 

S-4 



able reserves of 20,069,000 tons, Again, assuming the most probable 

measure of the reserves to be the "certain" plus half of the "probable", 

and assuming a recovery of 70^, a mine life of about 55 years is indi- 

cated on the basis of present production rate, uhich is about 260,000 

tons a year, The explorations of the coal deposits are far from 

complete, and it may be that significant increases in the "certain11 

reserves will be found. 

0n the basis of present knouledge it appears that the Pejao 

mines could, uithout depriving present customers, supply a 25,000 ku 

thermal generating plant for some 38 years, uhich is a little more 

than the nominal economic life of a thermal station. The most 

satisfactory procedure is indicated to be the adoption of full seam 

mining (the poorer grades are not mined at present) uith air separa- 

tion of fines and uashing of the residue, This would yield, on the 

basis of 575,000 tons mined, about 333,000 tons a year of marketable 

fuel, uniform in grade, of which about 120,000 tons uould be fines 

and about 263,000 tons washed coal, A 25,000 Iw thermal plant designed 

to burn the fines uould absorb about 92,000 tons, leaving ali the 
-j, .O,;. ■ - 

i í 
' vi—, W 

uashed coal (18^ ash content) and 28,000 tons of the fines (20% ash 

content) for other customers. If designed for the washed coal, the 

thermal plant uould consume about 88,000 tons, leaving for other 

customers, 175,000 tons of uashed coal and ali of the fines, uhich 

probably uould be pressed into briquettes. If the coal uere not 

air cleaned and washed, about 500,000 tons of marketable fuel could 

be produced and if the thermal plant uere designed to burn the lou 

grade, A5% ash fuel, it uould consume 167,000 tons a year, and T>—zA 

J ..L'^ Jtv tiíW- '! /W, '>» 
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333,000 tons uould be available to other users, but it vvould not, 

of course, be of the quality of the processed coals, 

Based on the coal prices tentatively quoted by the mine operators, 

the Pejao thermal plant would deliver energy at Ermesinde for 22.9 
I tyvC A ^ t 

centavos per kv.hr. This assumes 75% time operation at full capacity. 

It is about !&%■ centavos less than the variable component of the 

|v 
cost per hvhr of energy from existing thermal stations, This variable 

component, which la the only saving that could be realized by closing 

down existing plants, as their fixed charges vvould remain unaltered, 

is 39,AA centavos per kwhr. 

G. Replacement of existithermal generation - It is apparent 

that if the variable component of the cost of energy produced by . ^ 

oU 
existing thermal plants is over 39 centavos a kvvhr, it would be ad- 

^ cT W ^ 
vantageous to replace as much as possible of the existing 100,000 

lav of thermal supplement by Pejao, and by hydroelectric plants on 

the Douro, ali of which ulth the exception of Pocinho, are even 

more economical than Pejao, 

H. Iron ore - Although the iron ore deposits occur in the Douro 

Basin in the vicinities of Vila Cova, Moncorvo, and Guadramil, ouly the 

Moncorvo deposit, compfising positive and probable reserves of martite 

totaling about 78,000,000 tons, appears to be suitable for profitable 

exploitation at the present time. Too high in silica to command a 

universal market in its native state, and relatively low in iron 

content, it can be leneficiated economically at the mines to a 

pelletlzed concentrate containing 60% iron and less than 10% silica, 

Tvvo tons of ore from the mine would yield a ton of the concentrated 
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ore uhich can be hauled by rail to Leixões, uhere it should find a 

ready market at prices yielding attractive profits. These profits 

could be ras.terially increased if the Douro River uere improved for 

navigation, so that water haul could replace rail haul belou Pocinho. 

At a inining rate of 2,000,000 tons a year, the deposits uould have a 

life of about 40 years. 

The possibility exists of manufacturing iron and steel in Portugal 

from a part of the ore, but inasmuch as domestic coals do not coke, 

their employmnnt for the purpose would involve the use of processes 

other than those custornarily adopted for commercial production. It 

is possible that some adaptation of a circular-kiln process such as 

the Krupp-Renn raight be worked out. The present study has only super- 

ficially considered the problem of domestic steel production. 

I. Irrigation - The ruggedness of the topography that characterizes 

most of the Douro Basin, and the u ide prevalence of viniculture devoted 

to the production of Port uine, combine to minimize the opportunity 

and the desire for irrigation. In only two areas does irrigation 

appear to be of importance. One is in the vicinity of Chaves, where 

a project is already in operation, and the other is the valley of 

the Vilarica River, a tributary of the lou-er Sabor River, uhere an 

area of some 700 hectares vould be benefited. 

Construction of a dual-purpose dam for power and irrigation near 

Quinta das Laranjeiras on the Sabor River would provide irrigation 

uater for the Vilarica Valley at an elevation permitting distribution 

by gravlty, but at costs commensurate uith indicated benefits only 

in the event that most of the charges involved could be allocated to 
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the pouer phase of the undertaking. As a power project, Quinta das 

Laranjeiras has so low a priority that irrigation by means of a reservoir 

cannot be considerei as likely to become economically justified in 

the immediate future. The most promislng possibility appears rather 

to lie in the direction of an electric paver supply cheap enough to 

warrant pumping from ground vvater. 

J. Flood control - Aside from important urban centers on the 

Douro, such as Porto-Gaia and Régua, and the low-lying agricultural 

lands in the Vilarica Valley, flood damage in the basin is almost 

negligible. No flood control projects are In existence or propcsed. 

Only extreme floods materially damage the urban centers, and their 

occurrence is so rare, and the structures required to protect against 

them uould be so costly and so inconvenient to normal waterfront activ- 

ities, that protection does not \;arrant serious consideration. The 

damage to crops in the lower Sabor and Vilarica valleys is more fre- 

quent, but protection either by means of levees or high dams would 

entail costs far in excess of resultant (somewhat problematical) 

benefits, 

Navlgcation - Between the Pejao coal mines and the mouth of 

the Douro there is, at present, water-borne coal movement of some 

260,000 tons a year uhich uould increase to at least 291,000 tons with 

recommended expanslon of output at Pejao. Betueen the mouth and 

Pocinho there is currently a somewhat sporadic water movement of 

raiscellaneous commodities and uine uhich conceivably would increase, 

with the advent of modern tows, to about 9A,000 tons a year of wine, 

brandy and casks, and perhaps 70,000 tons of miscellaneous commodities. 
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The exploitation of the Moncorvo iron ore at the rate of 2,000,000 

tons a year would yield a potential barge tonnage of 1,000,000 tons 

a year of beneficiated orewhich would be transferred to the river 

just below Pocinho, and which uould move tovvards the coast for ex- 

port or perhaps in part to a possible steel industry near Porto. 

There is little prospectivo of commerce above Pocinho. 

Savings of about 23,110 contos a year in the line-haul costs of 

moving iron ore, wine, co.-.l, and raiscellaneous commodities, in the 

annual volumes indicated above, \:ill be effected by building navi- 

gation daras and locks at Ataes and near Entre os Rios; providing 

adequate locks in the pouer dams at Carrapatelo, Régua, and Valeira, 

and excavating certain channels belou the dams; improving Foz do 

Douro so that vessels for the export of iron ore and wine could 

dependably and safely enter the Porto-Gaia harbor; and establishing 

2.7 m navigation by barges between Porto and Pocinho, To this 

basic saving 5,075 contos a year should be added for port charges 

at Leixões that would be avoided by virtue of improvement of the 

Foz do Douro bringing the total annual benefits to 4.2,173 contos, 

Annual charges against the navigation improvement for interest, 

amortization, maintenance, and operation would be about 36,060 

contos, If the charges were absorbed by the Government, as has 

generally been the practice in the United States, annual savings 

to the shippers would be the full 42,173 contos. If tolls vcere 

assessed sufficient to defray ali charges, the net saving to 

shippers uould be reduced to 6,130 contos, The ratio of benefits 

to costs in either event uould be about 1.17. 
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Nothing less than complete improvement to Pocinho uill show a 

profit on the basis of probable tonnages to be handled and types of 

structures likely to be required, but the disparity between anmial 

benefits and annual costs vcould not be very great if the Ataes lock 

and dam only were constructed to permit 2.7 m navigation to the 

Pejao mines. If the remainder of the navigation project were con- 

structed v.ithout too long a delay, the over-all economics would not 

be seriously impa.ired by the initial development lossos at Ataes, 

and it is probable that the experience gained during the interval 

betueen construction of the Ataes lock and dam and final comple- 

tion of the project to Pocinho would prove valuable. 

4. Conclusions 

A. Electric generating facilities - It is concluded from the 

findings of the study that there is no imraediate necessity for new 

i ^^ 0 ^ 
electrical generating capacity in Portugal to supply firm energy 

sufficient to meet present demand, if exisiting facilities are 

fully integrated and operated as a power pool to meet energy deraands 

in periods of drought. The steps required to attain this end 

comprise a network-analyzer study with such correctivo measures 

as it may indicate, a rate structure revised to include demand as 

well as energy charges, and a National Load Dispatcher fully em- 

powered to operate ali components of the system to the best ad- 

vantage. 

While the addition of new units (other than those now under 

construction) is not essential to satisfy demand until sometime 

in 1956, if successful power pool oporation is achieved, it would 
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be highly desirable to begin construction immediately in order to 

. , 
replace as much generation by expensive existing therinal plants as 

possible, in addition to providing for load growth. 

B. Hydroelectric plants - The hydro projects on the International 

Douro uill furnish the most economical paier, and as the Picote 

project is the best of these, it is concluded that Picote should 

be started as soon as possible, and should be follov.ed immediately 

by the remaining projects on the International Douro, the^i by those 

on the National Douro, and finally by those on the tributaries. 

C. Coal reserves and thermal pouer - In the light of present 

Information the best program for the Pejao coal reserves appears 

to be their exploitation by full-eeam mining at the rate of about 

575,000 tons a year, the separatipn of the output into fines and 

washed coal, and the allocation oíf approximately 90,000 tons a 

year of the processed fuel to a 25,000 kw thermal generating sta- 

tion at Germunde, On the basis of announced probable coal prices, 

the relative cost of Pejao pouer ivould call for its introduction 

into tho systcm immediately follouing construction of the Valeira 

hydroelectric plant on the Portuguese Douro, but inasmuch as the 

Pejao plant can be built and placed on the line and begin the re- 

placement of existing thermal generation much sooner than any 

hydroelectric plant can, it uould seem uise to begin its construc- 

tion as soon as a decision is nade as to the grade of coal it is to 

be designed to burn. 

D. Iron ore - It is concluded that the rate of exploitation of 

the Moncorvo iron ore reserves should be gradually expanded to an 
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annual total output of about 2,000,000 tons, and that the ore should 

be beneficiated and pelletized at the mines to increase iron concen- 

tration and reduce sillca content. Definite conclusions regarding 

the establishment of a domestic iron and steel industry cannot be 

drawn uithout further detailed investigation which, it is believed, 

should be undertaken. 

E. Flood control - The study has indicated that flood control is 

not a problem of great importance In the Douro Basin and that the 

annual cost of v.orks to prevent the occasional flood damage sustalned 

probably uould be more than the annual damage, and in addition vvould 

interfere with normal business activity or land use. 

Irrigation - Irrigation is needed in the Vilarica Valley 

and probably can be provided at costs coranensurate with benefits, 

in conjunction uith power generation at the Quinta das Laranjeiras 

project on the Sabor River. The priority of the latter is so low, 

however, that a number of years may elapse before it is built, In 

the raeantime the advent of cheaper electric power may raake it poss- 

ible to pump from wells for irrigation at costs which the retums 

from the land can justify. 

G. Navigation - It is concluded from the study that improve- 

raent of Foz do Douro and of the river itself from the mouth to Pocinho, 

will be justified if the power dams at Carrapatelo, Régua and 

Valeira provide the needed pools above Carrapatelo, and the volume 

of ore, wine, coal, and miscellaneous barge traffic reaches the 

volume which the provision of economical and dependable water transport 

should indiice (see Chapter VII). 
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The profits from navigation would not be large enough to warrant 

the construction of the lower Douro power projecto in advance of those 

on the International Douro however, and this will operate to postpone 

navigation improvement to Pocinho, the period of deferment being con- 

tingent upon the program adopted for power-dam construction. If the 

complete displacement of existing thermal generation were accomplished, 

in addition to meeting load growth, Carrapatelo, Régua, and Valeira 

dams would be required by about 1965, unless construction in other 

basins intervened. 

There should be no impairment of the economics of the navigation 

project because of delay in its initiation, unless reserves of the raw 

materiais counted upon to provide its commerce were so seriously de- 

pleted in the Ínterim as to shorten unduly the useful life of the 

project or unless Ínterim investments in rail or other improvements 

below Pocinho for ore haul or handling had been so extensive that 

their continued use was imperative. 

These questions cannot be resolved at the present time. There is, 

however, one commodity, namely coal, which currently needs and would 

continue to use improved navigation faciiities to the extent of about 

300,000 tons a year. ^Navigation to the Pejao mines could be provided 

by a single feature of the overall navigation project, the loclc and 

dam at Ataes. The annual profits from coal and from a moderate amount of 

miscellaneous traffic apparently would not quite offset the annual charges 

under the conditions- which must be assuned from the Information now avail- 

ablo. If policy points to the eventual and not unduly distant construction of 

3-13 



the improvement to Pocinho, the present construction of Ataes pro- 

bably would not result in losses great enough to seriously irapair 

the economics of the over-all project, and would provide both valuable 

experience and needed relief. 

5» Recoiranendations 

It is recommended that; 

A. The power generating facilities now available and under 

construction be fully integrated with such adjustments as a network 

analysis may show to be needed, and be operated as a power pool con- 

trolled by a fully empowered National Load Dispatcher, to provide de- 

pendable energy under a rate structure revised to include demand as 

well as energy charges. 

B« Power requirements in excess of present capacity be 

met by hydro-electric development of the International Douro, the 

National Douro, and the tributardes, in that order, and by a 25,000 

kw thermal generating plant at Germunde. 

C. The Picote project be considered the hydro-electric 

project of first priority and that it consist of a gravity concrete 

dam on the International Douro, 22«U km above the Tormes River 

developing a normal head of 7k m, having an installed capacity of 

93^000 kw, and an estimated construction cost of ii.26,000 contos 

exclusive of transmisslon line. 

D. The sequence of subsequent hydro-electric construc- 

tion in the Douro basin be as listed below: 

S-lU 



Order of 
Priority Project ■ River 

1 Bemposta International Douro 

2 Miranda " " 

3 Carrapatelo National " 

U Régua " " 

5 Valeira " " 

6 Pocinho " » 

7 Plants on tributaries 

E. In order to eliminate existing expensive thermal 

generation, hydro-electric developraent and construction of the Pejao 

thermal plant be started immediately. 

F. Full-seam mining at the Pejao coal mines, of about 

575,000 tons a year and separation of output into uniform grades of 

fuel be adopted and that the rate of exploitation of the noncorvo iron 

ore reserves be increased gradually to about 2,000,000 tons a year 

with beneficiation at the mines to a readily marketable concentrate. 

G. Contingent upon extending the hydro-electric power 

development of the Douro River to Valeira, before depletion of ore 

and coal reserves, or before extensive investments in rail or other 

facilities seriously impair the economics of navigation iinprovement 

as proposed herein, the river's mouth be improved, and 2.7 m naviga- 

tion be made possible from Porto to Pocinho. This should be 

accomplished by construction of two navigation locks and dams, at 

Ataes and Entre os Rios respectively, and by provision of adequate 

locks in the Carrapatelo, Régua, and Valeira power dams, and such 

incidental channel excavation as may be found requisite. 
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H. Study and investigation be prosecuted to ascertain 

more positively the actual tonnage of coal and iron ore resources, 

to determine the feasibility and desirability of establishing a 

domestic iron and steel industry and the best location therefor, and 

to verify analytical conclusions as to the position and probable 

efficacy of jetties for the improveraent of Foz do Douro. If the 

oomprehenslve navigation project does not for the moment appear 

assured of realization, detailed examination of foundation and bank 

conditions at Ataes and of sand movements be made in order to de- 

termine the least expensive of the several types of structures 

analyzed in the report that can be used at Ataes mth reasonable 

assurance of safety and of satisfactory operation, so as to provide 

2.7 m navigation to Entre-os-Rios or Germunde. 
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CHAPAM I 

liMTfíODUCÍION 

1. Authoriaation 

Under date of i-oveiaber 1, 1951, Knappen-Tippetts-Abbett-I.icCarthy, 

Ensineers, ijev; York, entered into agreeraenb vrith the Government of 

Portugal to preparo and submit to the Governments 

a. An engineering and economic study of the louro úiver t:jid its 

tributaries vrithin Portugal v/ith reconuuendations as to the successive 

steps to be taken in the coordiíu.ted aevelopment of the river, with full 

consideration given to both hydro and thermal pouer (including the Pejao 

Thermal Project), flooc. control, irrigation and navigation. The studies 

v/ill include prell.iinaiy economic, capacity, dimensional, quantitative 

and cost Information and an analysis of hov; the developinent would fit 

into Portugal1 s ovarall pov;er requirements. These studies are to be raaae, 

utilizing principally existiu^ governmental ana private data. Additional 

data needed v/ill be small. The above v/ill be presented in tvro stages; 

i) A liemorandum Iteport preseuting the order of economic priority 
of the projects as soon as the stucdes have progressed suf- 
ficiently to so permit; 

ii) The completely docuraented uaster Plan and Peport. 

b. The general construction design, general specifications and 

estinate of quantities anu costs for Lhe hydro project of first priority 

as recommendeu in the above memoranuun Report and approved by the Government 

This contract foilovcd the approval of a technical assistance re- 

quest from the Portuguese Government to the ..utual Security Agency 

covered by T. A. Authorizatiou Mo. 50-9 (50-102-2009) v/hich authorized 

the foreign currency requirements for the present stuay and report. 
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2o Scope of RêpOtt 

The Memorandum Report, called for under a» i) above, was 

sdbmitted October 15, 1952. It presented, as briefly and vdth as 

little space devoted to background as seemed compatible vdLth a 

reasonable degree of clarity, the general data, assumptions and 

rcasonlng leadJng up to recommendations of the hydroelectric pro- 

ject cf firct prlorlty and the scquence to bo folloved by subse- 

quent ccnstruotion. This report does not depart in any slgnlfi- 

cant particular fron the reasonlng and concluaions of the Mei&oran- 

dujft Report» It secks rathsr, to cover the sane groundj to 

do cume nt the ce.rlier report and to in the dctails of concepts 

which could be sketohsd oiJ.y In broad oublino therein;t.o discuss 

more ful].y the bases and reasonlng underlylng the various re- 

ccmmendr.tlons and suggestlons presented; to consider to the 

ejitent that appears varrauted, certain aspe cts of the Douro River 

Basin^s economy vhlch wero not covered by the Memorandum Report 

bccause of their slight rclevance to the quostlons it was especially 

dosign.ed to resolve; to revise oost est. ima,te o where revlovr or 

further etudy showed neceseary; and to descrlbe the pbysical as- 

pe cts and prossnt aspeets and present state of development of the 

basln sufficiently to provi de the reader unfa.miliar with the a^ea 

vdth at least a gener,dl ccn.cepb cf its character and devolopment. 

The study, insofar as the e^qplcltation of new hydroelectric 

power sites i.a concemed, doais only with sites on the naticnal 

and International reaches of the Douro River a!id on its tributaries 

i.n Portugal. The sohedua.es of dsvclopment proposed therefore, 

disregard the possibiDdty that in adjacent regions of Portugal 
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there may exLst sites of such excellence as to warrant their 

development anterior to development of some of the Douro system 

sites. 

3. Physical Descrlption of Douro River Basln 

A. Topographic features of basin - Ift the northern part -of 

Portugal a narrow coastal province, comprlsing a slightly elevated 

plain vdth deeply incised streams, fronts the Atlantic Ocean with 

rolling hills extending almost to the beaches. 

A considerable hilly area lies to the east of the coastal pro- 

vince. Although the summits are generally accordant, the original 

surface is almost entirely dissected by deep and extensive valleys 

wherein the Douro River and tributardes follow entrenched and 

meanderlng paths. Numerous scattered villages and famed land are 

found in thls intermédiate section. 

Farther eastward to the Spanish border, and beyond, the upland 

surface is well preserved. Normal relief of about 200 m is expressei 

by open basins, scattered hills and ridges. The Douro River and 

local tributardes remain deeply incised, indicative of regional 

uplift but only partial dissection. Contrastei to the intermedlate 

hilly and coastal areas, the eastern upland province is more arid, 

B. Douro River valley - The Douro River is 850 km in lettgth, and 
2 2 

drains an area of about 97,000 km of whlch about 75,500 km (78^) 

2 
are in Spain and the remalnlng 21,500 km in Portugal (See Plate 2). 

From its headwaters in the Montes Ibéricos, it flows a little south 

of east some 225 km to Soria, Spain, whence it is deflected by the 

mountain ranges through a sweeping curve to a westerly course, 

maintaining the latter for almost 300 km across a high plateau to 
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the Portuguese border (see Plates 1 and 2), There it is deflected 

sharply to the southwest, to constitute the boundary between 

Portugal and Spain for about 113 km» Tumlng sharply again near 

Barco de Alva to resume its vresterly course, it flows the final 

200 km of its length entirely through Portuguese soil, to enter 

the Atlantic at Porto. Under the terms of the covenant of 1927 

■with Spain, utillzation for the development of hydroelectric power 

of that portion of the Douro River -which forms the Portuguese-Span- 

ish boundary from the mouth of the Tomes River downstream is the 

pre roga tive of Spain, vihile the right to development of the Inter- 

national portion of the river upstream from the mouth of the 

Tomes River vests with Portugal. 

In the first 75 km of its length, the Douro River descends 

about 700 m from its headwater elevation of about 1700 m above 

mean sea levei, This precipitous slope of almost 9.5 m per km 

flattens to average slopes of 1.6 m and a little less than 1 m 

per km respectively in the succeeding reaches of 150 km and 265 

km, but, in the 63 km between Zamora, Spain and the Portuguese 

border, it steepens again to average about 1.6 m per km. The 

slope of the International portion of the stream averages about 

3.33 m per km. The Portuguese Douro has an average slope of 

only about 0.55 m per km. 

The river banks in the national and intemational reaches in 

general rise steeply from the water'3 edge as thinly earth 

covered schist or granite hills, to elsvations increasing from 

100 or 200 m above mean sea levei at Porto and Gaia, to about 

Ô00 m where the stream emerges from Spain to serve as the boundary 
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between the two countries. The slopes of the banks in the lower 

reaches of the Portuguese Douro, are frequently gentle enough to 

be terraced and cultivated, although even here, occasional canyons 

as well as quintas are encountered. The principal crop is grapes, 

processei into port and table wines. The other important crops 

are maize, small grains, cork, oranges and olives. While the 

hills are often without forest cover, there is some woodland, and 

firewood is an important product in certain localitieso As the 

Spanish border is approached, the scenery increases both in 

grandeur and in aucterlty, Even the olive trees begin to dis- 

appear and the narromng river flows betv;een increasingly steep 

and forbldding mountadn slopes, largely devoid of cover and of 

habitation. 

C. Tributarles - The major Spanish tributaries, proceeding 

downstream, are the Cega, Pisuerga, Adaja, Valderaduey, Esla, Tomes, 

Huebra and Agueda Rivers. 

The significant Portuguese tributaries, named In order of 

occurrence from east to west, are the Sabor, the Tua and the 

Tamega enterlng from the north, and the Goa, Tavora and Paiva 

from the south. Ali &ix are stecp mountain streams whose v.ater- 

sheds sometimes reach altitudes of more than 1300 m, 

Table 1-1 lists the component drainage areas of the basin. 

D. General geology - The Douro River basin is largely under- 

lain by crystalline and metamorphic rocks. No ixnmediate aid 

exists towards separa.tlon of formations and classiflcatbn accord- 

ing to geologlcal age, 

It is apparent that two principal groups of rocks occur. Con- 
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TABLEI / 

DRAINílGE ÍÍREÍÍS IH THE DOURO El VER BASIN 

CUIIULATIVE 

E2. 
ERIUCIPiiL 
TRIBUTiiPIES 

AfíEA 
(KM2) 

MISCELLiiUEOUS 
.iREAS (KM2) 

DRalNAGE DRAINA' 
AREÍ Í (j 

LEFT BANK RIGriT BaNK LEFT BANK RIGiiT BÍÍNK 

8,093 4,787 12,880 
Cega 2,510 15,390 

18 10 15,418 
Pisuerga 15,710 31,128 

2 3 31,133 
Adaja 5,283 36,416 

4.,255 1,567 42,238 
Valderaduey 3,575 45,813 

607 222 46,642 
Esla 16,352 62,994 

366 530 63,890 
Tomes 7,075 70,965 

863 315 72,143 
íluebra 2,833 74,976 

75 204 75,255 
Agueda 2,622 77,877 

295 35 78,207 
Coa 2,500 80,707 

60 105 80,872 
Sabor 3,817 84,689 

3,608 
350 235 85,274 

Tua 88,882 
273 350 89,485 

Tavora A95 89,980 
850 860 91,690 

Paiva 805 92,495 
7 4 92,506 

Tamega 3,34-7 95,853 
415 712 96.980 

TOTAL AREa (IU-;2) 70,532 16,529 9,919 96,980 

"V 
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siderable areas contaln metamorphics includlng schists, quartzites, 

gneisses, phyllltes, slates, limestone (and marble) and variant 

types of these rocks. This series probably Ineludes several for- 

na tions of dlfferent geological ages. Apparently equivalent mem- 

bers extend with interruptions from Porto to the Spanlsh border. 

In this group are the parent rocks containing iron ore in the fom 

of hematite, nartite and magnetite and bands of limestone and marble 

as well as coal beds. The age of the coal beds is probably carboni- 

ferous and that of the metamorphics is paleozclc or older. The 

iron ore and coal deposits are discussed at length in Chapters III 

and IV and Appcadices A and B, 

These older fonations were broadly folded. Afterwards, the 

entire region was extensively invaded by granite of probable late 

Paleozoie Age, The granite, intruded at considorable depth, is 

prsdomlnantly coarse-grained or porphyritic, Border fácies, 

interbeddod dikes and metamorphics, contain silver and gold in 

some distriets and tha tungsten mineral, wolframite, in the 

Spanlsh frontier zone. The la t ter is the mo st .important of the 

three in volume of production, but the workings are scattered 

and most of them small, and its production is not a factor of 

material importance cither from the standpoint of electrical 

power consumption or of ri ver comoierce, the two features >f-V;-h 

wbich the preseut study is primarily conoerned. 

Regional uplift with consequent erosion stripped the overlying 

metamorphics from large areas, Granite was exposed, partlcularly 

along canyons of the Douro and principal tributaries, but also in 

upland places. 
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(1) Structural features in rock - Persistent pattems are 

encountered in the bedrock series. These form sets of joints, 

fracture zones and probable faults that trend NE-SW, and with 

steep to vertical dip. Topography in many places is controlled, 

especially in direction of valleys and ridges. 

A second set of joints has a complementary orlentation NW-SE, 

likewise vertical or steep. In some places this system predominates 

but both pattems are common at ali dam sites dnvestigated. 

Subordinate joint systems include steeply dipping features and 

the very common flat or gently dipping 9Uft joints9, conspicuous 

in the upper portior of cliffs. 

The Douro canyon in places runs parallel to strong joint 

pattems exposed in the walls. From this evldence it is concluded 

that bedrock at many of tha proposed dam sites is simllarly 

jointed and vdll require careful grouting to avoid aeepage, 

(2) Selsmlclty - The Lisbon earthquake of 1755 is famed for 

intensity and consequent devastatlon. No equal experience is 

recorded for northem Portugal during that event or other years. 

It is common to find pedestal or perched rocks along the walls of 

the Douro which signify the absence of strong seismic disturbance 

in this area, perhaps for centuries. 

Despite probable lack of seismic activity within the Douro 

Rlver basin, it is felt that design of dams should include a factor 

of additional safety based on acceleratiòn of seismic waves of 

one twentieth gravity, In this connection it may be noted that 

concrete gravity and rock-fill dams are relatively stable against 

earthquake shocks. 
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(3) Sllt deposlts - The Douro Rlver transporte large quantities 

of sand in the lower valleys, as reflected by deposits bordering the 

channel and by the bar at the mouth near Porto. Some gravei beds 

are found of material chiefly granite and the more resistant 

( quartzose) metamorphic rocks (in cobbles not exceeding Õ cm In 

diameterj.The sand is poorly graded, médium to coarse-grained, 

clean and vdth about 10 percent mica. 

It is believed that the river flows virtually on bedrock in 

the canyon through the international section. Scarcely any natural 

aggregate is therefore available. 

4. Hydrology 

A. Precipitation - Although Portugal is not a large country, 

the distribution of the average annual rainfall in it is very un- 

even. The basin of the Cavado River and of the other streams in 

the extreme north enjoy heavy rainfall. The basin of the Zezere 

River in central Portugal receives moderate precipitation, while 

the river baslns to the south as a rule exLst under condltions 

of semi-drought. Thls general north to south trend of deoreasing 

precipitation is modified by topography. The presence of various 

mountain ranges results In concentrations of rainfall, an effect 

especially noticeable in the high Serra da Estrela. Precipitation 

is heavier ali around the mountain rim of the Douro Basin, than it 

is on the central plateau (see Plate 4). The annual rainfall on 

the entire Douro basin averages about 635 nm. The Portuguese por- 

tion receives a greater depth than the average for the Spanish por- 

tion, a fact borne out by the figures for runoff. For the water 

3 2 
years 1941-1942 to 1949-1950, the runoff in m /sec/km was 0.0040 
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for the Spanish portion of the basin, as derived from the gage 

at Puente Pino, and 0.0042 at the Régua gage on the Portuguese Douro. 

The Portuguese tributaries of the Douro have a markedly greater 

runoff per unit of drainage area than the Douro River as a whole, 

and thls increases toviards the Atlantic Ocean. The Sabor Rlver 

O 
at Laranjeiras has a yield of 0.0064 m /sec/km^ , the Coa River 

o 2 
at Vale do Areal 0.0091 m-5/ se c/km, the Tavora River at Ponte 

3 2 
Nova 0.0113, m /sec/km , and the Paiva River at Fragas da Torre, 

the farthest downstream of the four, 0.0244 m^/sec/km^. 

B. Pischarge - The flow of the Douro River varies between 

unusually wide limits. The great flood of 1909 had a peak dis- 

O 
charge estimated at more than 12,500 m /sec at Carrapatelo (some 

67 km above the mouth) viiile during prolonged dry periods monthly 

3 
average flovrs of less than 50 m /sec have been common in the past, 

Rogulation by Spanish reservoirs has improved low watsr discharge 

since 1934. Tables of average monthly flow at various statlons 

for the periods of record appear In Appendlx 0 which discusses the 

question of stream flow throughout the basin. 

5. ExLsting Development 

2 
A» Population - The 21,500 km of the Douro basin in Portugal 

include ali of the Districtof Bragança, practically ali of the 

Districts of Vila Real and Porto, most of the District of Guarda, 

and portions of the Districts of Aveiro and Viseu. The population 

of these 6 Districts, on the basis of the 1950 census, is a little 

more than two million, of which slightly more than one half is con- 

2 
centrated in the Porto District of less than 2200 km , the indus- 

trial center of northem Portugal-and to a large degree, of Portu- 
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gal itself. This leaves a population of one million for the 

o 
remaining 19,300 km of the basin which corresponda to an 

2 
average of about 50 persons per km , or about 83 persons per 

square mile. The largest concelhos (municipalities or groups of 

boroughs having the same municipality) in the basin are, according 

to the 1950 census, In the Porto Dlstrict, 

A tabulation of population by concelhos follows: 

TABLE 1-2 

POPULATION OF CONCELHOS IN THE DOURO BASIN 

Dlstrict Concelho Population 

Porto Porto 279,733 
Penafiel 45,741 
Mário de Canaveses 33,036 
Paredes 36,166 

Vila Real Chaves 54,772 
Vila Real 47,025 
Rogua 23,723 

Bragança Bragança 33,294 
Mirandela 31,200 
Macedo de Cavaleiros 25,193 
Vinhais 23,739 
Mogr. douro 19,556 

Torre de Moncorvo 19,073 
Aveiro Arouca 26,185 
Viseu Lamego 33,379 

Cinfães 31,947 
Guarda Guarda 52,418 

Sabugal 42,886 
Pinhel 22,030 
Trancoso 20,919 

B. Manufactures - The Porto area is an important center for 

texbiles and paper products, soaps, leather goods, coal brlquettes, 

beer, flour, fish and other processed foods, cork products, resins 

and building materiais. Together vdth Gaia, directly across the 

Douro River, it handles almost ali of the wlne produced in the 

Douro Basin. There is litble manufacturing of importance in the 
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basln outaide the Greater Porto area save for the production of 

vdne and olive oil, 

C, Transportation facilitles - A broad gauge single track 

railroad, the Linha do Douro extends easterly from Porto. After 

leaving the river on a brief swing to the north through Penafiel 

and Livra ca o, it retums near Aregos and thenceforth follows along 

the north bank to Tua, at the mouth of the Tua River. A little 

beyond it crosses to the aouth bank of the Douro, following that 

bank to Pocinho where it retuma to the north bank, and thence 

proceeda to the border and on to Madrid. It ia fed by four 

narrow gauge (im) lines which tap the hinterland to the north. 

Named in order from weat to east, they are Linha do Vale do Tamega, 

Linha do Vale do Corgo, Linha do Tua, and Linha do Sabor. They 

connect with the Linha do Douro at Livracao, Régua, Tua, sid 

Pocinho, respectively, at which points the contenta of thu, narrow 

gauge cars are transferred to the cars of the Linha do Douro when 

the destlnation is beyond the junction point. There are no rail 

connections to the Linha do Douro from the south east of Porto. 

At Porto itself, the double track, broad gauge Linha do Porto 

leads south to the capital, and the single track broad gauge 

Linha do Minho extends north partly along the coast, to Moncao, 

A single track narrow gauge line, calledthe Linha do Litoral do 

Minho, connects Porto with Povoa de Varzim and then tums east to 

connect with the Linha do Minho at Vila Nova Famalicao, There is 

another narrow gauge line connecting Porto and Guimarais. These : • 

other lines, radiating outward from Porto, lie, in general, out- 

side the Douro Basin but are important to the commerce of the 
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basin. The hlghway network in the basin is suprisingly good; 

the more so when the comparative apareenesa of population and 

the mountainous character of the terrain are consldered. Sight 

distances are often short, and grades and curves numerous and 

sometimes abrupt, as a consequence of the ruggedness of the 

country, but repairs are meticulously kept up. Much of the 

surfacing is bitumen» 

The Douro is navigated by wooden vessels, called rabelos 

when they have a high stem deck for the steeman, rabões when 

they do not. They are propelled downstream by current or oars, 

and upstream (uroally during the spring and swmmer) by rail, 

when the wind blovrs in from the Atlantic and by oars, polés 

or oxen teams when it does not, They are steered by means of 

long stom sweeps. Mc st of '"ho traffic origina te s belov Pocinho 

and moves downstream, 

D. Electric powor - There are tvro hjídroelectric generrafcing 

stations In the Douro basin (se8 plate 2). One, the Chocalho 

plant on the Vsrosa PI ver a snall south bank tributary, has an 

installed sapaclty of 10,240 kw, The other, Freigil, on the 

Cabrum Pi.var, another tributary enbering from the south, lias an 

installed capacity of 2,500 kw, In the Porto area there are 

two important tkermal stations, Masosrolos and Freixo, vrlth 

■ca.pacities of 11,300 and 14,636 rsspootively, Hie Porto 

industrial area is ccanected by transtniseion lines to the 

nation9s gnnereting facilities, but aside from a 60 kv line 

connecting the Can4oos sterm plant in the Avo Ri ver Basin vdth the 

Chocalho plant, and then raiioin.g scuth to the Serra da Estrela 


