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A STUDY OF WDI 2CEENI FLOODS'
 

Piam-PCE 

This is a study of the floods of the Ak4i Adi (The ogonain), past, 

prosont, and future0 It contomplatos both cause and effect, in the 

confidence that an understanding of both of these, and a recognition of 

the trend of those floods as well, are essential in devising a sound 

-LproLach toward the problem, and in the development of specific plans 

* for a profitable solution - a solution that will not only be prmauent 

in nature but will also provide the nearmaximum in efficiency, in the ratio 

of bonofits to costs. 

The USOM Division of Agriculture and Water Resources has been 

reguested by several Government of Libya Agencies and by the Libyan

\merican !oconstruction Cormnission to participate in the study of this 

problem , and in the analysis, evaluation, and development of proposals 

and project plans. Specifically, this monograph has been prepared in 

response to a directive from Lr. Pioyd a, Larson, Chief of the Division, 

dated 16 Iay, 1956. 

There is in preparation in this office a plan and proposal for a 

complete program of land management and stabilization on the whole 

ladi Megonin watershed0 The prosot study, however, is concerned 

primarly with the flood-t-Tripoli situation; for this it offers a plan 

for modest flood-protection improvements in the flead zone, bgsed upon 

the assumption that the full-scale watershed program will progressivelyr 

at a satisfactory rato, harness those floods. 
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SUMMARY
 

The Problem 

There have boon floods on- the Wadi Megenin for a long time. Until 

very recent tihes, these floods were beneficial to the orchards and 

vineyards on the southern outshirts of Tripoli, because the floods came 

gently; throughout the flood zone they provided a welcome irrigation, 

left a fertile iAnket of cloy and organic material over the land, and 

caused much water to percolate down into the underground reservoir which 

supplies Tripolics wells. 

But groat chanos have taken place in the watershed, changos that 

have altered groatly the character of the floods. The floods have become 

more violent, end now they leave behind, in some portions of the flood 

zone, thick deposits of swnd that do much damage to crops, vines, and 

trees. A chain of events, set in motion less than one-third of a century 

ago, has progressively increased the population of both humans and 

animals in the watershed, and their intasified pressure on the land has 

brought about a progressive reduction in the density of trees, bushes, 

forage grasses, and esparto grass. Storm runoff has greatly increased,orosion 

has multiplied, and the result is acceleration of flood damages, principally 

from deposits of sand0 

The Approach to the Problem 

Tlow can a flood problem be solved? There is the "downstream" or "fight 

the flood where it is" approach, This involves largo engineering structures 

whose aim is to bottle up the flood (detention reservoirs), or push it 

aside (dikes, diversions, and canals), There is another approach, the 

"upstream" or "provent the flood at its source" approach. This method 

contemplaton the widespread application of land management measures, 

procedures, and practices, in manas utilization of farmland, rangoland, 

and forest, that will cause a maximum infiltration of rain into the soil, 

and that will present an unending series of barriers - blados of grass, 

shrubs and trees, contour dikes, torracos, and small reservoirs - to impede the 

overland flow Sf wator. 

Under unusual and oxtonely favorable conditions - hard soils, favorable 

topography, low sodiment yield rate, and others -- the downstream, structural 

approach may offer a bargai-pric4: though impormanent solution. More often 

than not, the all-around best solution is one which employs a proper balance 

of upstream and downstream measures. At the other end of the scale, whore 

nearly all the physiographic factors are unfavorable for downstream structures 

- sandy, easily erodible soils, steep ruggdd topography, a very high sediment 

yield rate, an excessialy high flood peak discharge rate - emi especially 

when the violence of the floods is still in a rising trend - the upstream, or 

watershed stailization (through good land management) concept is the only 

J,J- feasible 



feasblo approach toward the reduction of flood damagos. 'This does not 

moan the immediate and complobe abandonment of existing partial-control 

structures, for indeed it may often be profitable to hoop these works 

in operation for some time yet, But this does preclude the feasibility 

of undertaking largo now projects in or near the flood zone. In these 

circumstances, virtually all efforts and resources must be applied over 

widespread areisof the upland watershed, in the direction of the 

permanent solution of curing the trouble at its source - where the 

raindrop falls. 

Such is the situation in the watershed of the Wadi Megenin. The 

extremely high runoff rate, the excessive erosion and consequent sediment 

yield rate, the strudireless character of the gofara and the flood plain 

soils, all add up to class this wratershed very, very far down toward the 

end of the scale, that practically prohibit the feasibility of downstream 

structures and accentuate the necessity for concentroating on complete 

watershed stabilization measures almost to the exclusion of downstream 

d. ring or dilinL or diverting-and--clannelling-off worlk, 

Elements of the Plan .'roposed Here 

A project proposal for . comprehensive watershed stabilization nd 

management plrn and program is now being developed by the Division of 

Agriculture and dator Resources and it may here be briefly stated that 

this program is believed to be justifiable economically by the results that 

can be achieved in 1) checking the progressing destruction by erosion of 

the watershed'strosourcos, 2) the increase in production that can be attained 

by good land management, and 3) the project's value as the first full-scale 

demonstration of the principles and pratiices of lrnd management, a demon

stration that can point the way toward the revolution in land use and land 

tenure that must take place before there can come about any markod increase 

in production, on a sustained yield basis, from the "open" land of Libya. 

A basic promise of this study, then, is that such a watershed program will 

be put into effect. 

The downstream works herein proposed are very simple and limited in scope. 

This plan, referred to as Proposal 2 in this study, contemplates the expend

iture of some ;L 20,000 for minor improvouonts to the existing drainage 

channel through the flood zone, limited olovating of certain section of 
"sunhen" roads that are buried by sand after each flood that now occurs, a 

a provision for maintonance of those facilities. ;:ith the watershed program 
in operation, this study submits that it is more economical to do only those 

a things in the flood zone, accepting the d'mages to agricultural developments 

,/... and private 



and privato property on a diminishin: soule for some time yet, in 

confidaee that within . ro:sonablo period of time the watershed program 

will hava reduced these damages to a small fraction of their present 

proportions. 

It should here be noted that even should not lossos and damages 

to private interests, contemplated in itoposal. 2, bo compensated by 
direct paynents from the public purse, the validity of the economic 

analysis would not be affected. Such direct and complete coupensution 

would be unwarranted in the present instance; instead, privato-interest 

financial aspects of this situation, and the responsibility of the public 

to assist the injured individual properly fall into the same catogory 

as that which reales to privaoo losses from all such natural causes 

flood, fire, lightning, or tornado. 

Economic Analysis of the Divorsion-to-the-Sea Plan (.roposal 1) and the 

1xisting Channel Improvements Plan (Proposal 2) 

In order to analyse tbo physical factors and the economics of these 

two proposals, and to consider the probable consequences of one and of 

the othor in related matters such as groundwater rocharge, a detailed 

analysis and projection into the future of some of the eloments of costs, 

damages and bonufits that pertain to each of those plans, has been imado0 

This analysis shows that the only profitable solution to the flood problem 

is the compite watershed stabilization program, with only minor works 
in the flood zone - that no large dowmstroam engineering project such as 

Lhe diversion-to-the-sea schoem can hope to be worth its cost and its 

conscquences. The facts supporting those findings are set forth in 

5.ection III of this study, supplemented ry an Appendis of graphs and 

charts which broak down the cost analysis into their component parts, 

with final conclusions reached from a summation of these component 

parts, and their projection into the future. 
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I"TRODUCTIOW 

The purpose of ectionl of this study in to evaluate the offects of 

)eriodic flooding of the dadi:ogonin in tho southorn outskirts of 

Yripoli, with a pecial study of iemcdiummsall flood of >noh 1956. 

The effocts of those rocurring floods are both damging vmd beneficial. 

In order to anlyze the effocts of tho floods it is ospodiont 

to consider the various aaoets of bonofits and daagos in a nmober of 

moro or los seoarate catoories, even thqugh oach no is intorrelated 

with and intordopondent uron one or more of the others, The most significant 

of these are 

DA&.'GE3: 

(1) ,sgriculturo (private proporty) 

(a)To rowing crops (cereals, vootabloo, vines, troo) 

(b) To the land (donosito of unbeneficial sodimeut) 

(a)To farn buildings, irrigation sy stous, ot. 

(2) Public Property 

(a) To ro dS 

(b) To buildings 

(c) To the artificial channol. 

In another repect, the dacgos can lieseovrated into tio distinct 

categorios. 

(1) DLamCos oaseod byaItAOr, per so. 

(2) Df.l.egos cused by unboneficial sedimont doosite. 

(a) Irrigation of growing crops (coreals, vogetables, vines, troos) 

(b) Dorosits of benoficial, fertile sediment. 

(0) iReohargo of ground water reservoir at Tripoli. 

/ ..... The Troud 



02 

TIE TRIM) - The ChAiiun Character of tia Floods 

That there are manifold and significant benefits of those floods,"there 

can be no doubt, The drmages are readily observable and malge an immediate 

impact upon peivate property owners or the public weal, and so re quite 

readily evaluated; the benefits5 however, are of a more subtle nature, and 

do not make their effects felt immediatoly, For this reason they are not so 

readily observable, especially on these areas where damages are of considerable 

intensity. The benefits - such as a "free" irrigation of olive trees or 

grape vines or evn half-grown cereals, or of eucalyptus trees in the 

Government forest preserve - will' not be reaped (and even then probably not 

identified by the beneficiary) until harvest time. The benefits of the sus

renod the floodwater 

nutrients leached from the upper watershed soils, and orga6ic matter - are 
manifested not only in the next harvest but in permanent improveyout of the 

soil upon which these sediments are laid doan, The benefits from the floodwater 

* sediment in - the dissolved clay particles, mineral plant 

which percolates dowanawd through the soil to supplement the annual rocharge of 

the groundwater reservoir (the source of Tripoli's municipal and irrigation 

water suplly) is not limited towells in the flood zone but extends to a 

considerable area surrounding the flood zone. This groundwater be:Lofit may be 

small comfort .to the farmer whoso crops have just boon damaged or to the 

public treasury which must bear the expense of romoving sediment from flooded 

streets and highways; this bnef it is not subeoct to precise mousuroiont; 

novortholossp the considerible value of this floodwater in naintaining the 

level of the groundwater reservoir and sustaining its yield to meet the 

ever-increasing withdrawal demands made upon this subtorranoan reservoir 

is readily demonstrable by a qualified groundwater geologist. 

To determine that these benefits tre of considerable Significance5 one need 

only take a brief loolk into the recent history of the floods and the flood 

zone. Thoro have been floods in the delta of the Megouin on the sothern 

outskirts of Tripoli for a long time. But the consensus is that5 taken as 

a whole9 the floods up until the largest-until-thon event of December 1945, 
an
 

wore considered to bo/unmitigated blessing; the slight dwiaes were 

greatly outweighed by the benefits in the form of irrigation and deposition 

of a layer of fertile and therefore valuable clay-organic sodimenit which 

covered the ontire flooded zone0 Mid the portion of t:ie floodwaters which did 

not evaporato directly into the air or subsequently by transpiration of 

of... vegetation 
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voretation, went owm to recharge the groundwater reservoir, For at that 

time there was no channel to the sea ad thotefore none of the water flowed 

over-land into the sea. 

but beginnin:. with the flood of 1945, and for every medium and large
 

flood since that time the dawages have progressively increased and the
 

bonetits- even the readily identifiable surface benefits - have become
 

elmost forgotten, because in most, of the flood zone near the points of breal

out from the channel, where the depositions of sand are deepest, the 

damages now overwhelm the benefits. It is almost forgotten that even at the 

present time, the lower portion of the flood zone, where the area receives 

a gentle irrigation and a layer of fertile clay - organic sediment, still 

receives a considerable not benefit from the average flood, after the minor 

danwages have been subtracted from th gross benefits. It appears incontrovertible 

O that in recent years, the entire charactor of the floods have changed; not 

only has the gross volumo and the peak dischrzso rate of the floods increased 

considerably, but even the composition of the floods has changed. Now, when these 

enlcrged floods, racing down the deepened channel through the gofra, are slowed 

and spread out over the flood plain at Tripoli, several times the quantity of 

sterile unwanted sand is deposited on the farms snd on the sotrees and highways 

of the flooded zone by each cubic moter of floodwator as compared to that laid 

down by the floods before 1945. 

.hat has caused this change in the character of the floods? And will these 

influences continue to move even further in the direction that will cause the 

floods to zrow progressively larger, bringing down inoreasin; loads of sterile 

sand, until some'time when the watershed has reached its maximum possible "efficiency" 

in shedding rainwater oat. sand? The answors to these questions appear to be 

clear nd equally incontrovertible; ec reduction of vegetative density and 
consequent compauting of the surface of the land in the gebol are of the 

waters ed, progrosivoly accolerated during bhe past quarter Qf a century, have 

progressively increased .he water-shedding "efficiency" of the watershed; the 

faster-rushing, enlarged flood flows are more fficient" producers and carriers 

of sediment, so that each cubic mtor of water now delivers several times as 

much sand upon Tripoli as before.,(1 And even a. cursory camination of the 

watershed strongly indicates that these trends have not yet reached their 

,/.. climax 

(1 'ee Dr. Lagaizini's es-Limate - %ainfallData - TLuble In Appendix 
Dr. Agazzini is Chief, eteorological Section, inistry of Coi.munications 

GovernroinL of Libyae 
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climax, that tu0 maximum limits of "officiency" in the water shedding 

charactoristic of the watershed have not yet been attained. , recognition 

of thi; trod is of some import in \eighing the relative merits of an 

"upstroan" or watershed stabilization approach to the solution of the 

nroblem and the "downstream" or flood-diversion-at-Tripoli approach0 

PLODj OF TI 1'AST TEN YI.U1HS: 

The flood of Occomber 1945 is believed to have bon the largost that 

has occurcd. Several others ihave caused considerable damage, including one 

in 1951, In April 1955 came the largest since the 1945 event. A somewhat 

smaller one occurred in December. The nrobable quantity of rain that fell 

on the watershed in the gobel during the 4Aday rainy period in December 

excueded by a considerable margin the total that fell during the 4day 

rain of April. The hour-to-hour intensities during these rains are not 

known, and the es sare as important as total quantity of rainfall in 

determining the amount of runoff, since rate of runoff is the rate at which 

intensity of rainfall exceeds the infiltration rate of the surface of the . 

watershed. Ilo ever, it .s known that when the Doecomber flood occurred, a very 

considerable amount of water was divorted from the Iecenin into thp Amiot 

and Sidi Gilani canals0 and that most of this water durint the first 6-8 hours 

of the Clood period was dissipated in the flood irrigation zones served by 

these canals. This was accomplished, however, at the cost of very severe dana

ges to those works, which would cost mnmstimated Zb 75,000 to restore. 

Daring the latter hours of the flow, the two canal systems had deteriorated 

to the point that water was no longer spreading over a wide area, but was 

flowing essentially confined in a new channel that had not existed a few 

hours beforo. The now channel was cut from the upper (Amiot) diversion down 

across country, into and EA a riglt angle across bho main didi Cilani canal 

(where 25,000 cubic motors a sediment was deposited) and straight on down 

0io slope until it rejoined the watercourse at the Mlogenin itself. Therefore, 

durin the latter half of the flood period, nearly all the wator divorted from 

the Meunin by the two projects, returned to the Megonin, However, the infiltration 

during the list half of the flood probably disposed of 20000,000 cubic moters of 

floodwater. But for this, the December flood at Tripoli might very probably have 

excoded the Aril ovent in peak and volumo 

12 Rainfall Dta, - Tz ble I - Appendix 



TIN' FLDD EVENT lF AIRCI 1956: 

W The medium sized flood of March 1956 broke out of the channel in the 

flood zone for q period of some 12 hours, TAsed on Dr. Magazzinils estimates 

of hour- to-hour discharge rates a hydrograph of the flow has been develoed 

(Appendix Plate 1) The total flood volume that beached the Tripoli area is 

found to be on the order of some 3,000000 cubic mctors, of which approximatoly 

one half is estimated to have loft the channol and spread out over the flood 

zone, The area flooded was approximately 280 hectars. This area is shown 

on the map-of the flooded zone that accompanies this report. ( Appendix - ilate 2). 

THE -FECTS OF THE PLODD ON Mitil 1956: 

A detailed tract-by-tract study of the effects of the flood was made 

over the entire flooded area. All types of gross damagus to agricultural 

lands and develo4onts were itudied and evaluated, in terms of physical units 

and monetary value, and as set forth on the Table of Flood Uffectincluded 

in the Appendix. (Tablo 2) 

The same procedure rs followed in evaluating the soveral categories 

of gross benefiLs, as far as irrigation andl deposition of valuable suspended 

sediment is concerned, but excluding for the ;resent, any ostimate d the 

monet-ry value of deep percolation as a factor in ground water recharge (this 

is d:,scussed in a separate paper prepared by Dr. Codorstrom, Ground A.ter 

Geoloist, to bo found in the Appendix to this report). 

The survey found that gross damages to agriculture and related develolments 

totalled awproximately LL 24,000, while gross bonofits came to some 4L 9000. 

From thisp a reasonable overall picture is that net agricultural and other 

private property damnages amountc3 to approximately L 15,000. The monetary 

value o' ground water recharge (soeie 1,000,000 cubic motors) which would be 

a crolit against this net damago figure, can loitally be assessed in the realm 

of 0t least a thousand Libyan pounds0 but since a spoolfic monetary value )f this 

fator is difficult too stablish, no deduction from the damago figure will be 

-jade- it remains at L 15,000. 

AS concerns damage to public propertey, limited almost entirely to minor 

breaks in the masonry retaininp wall at Em 4 and to deposition of sand on 

streets and highways and in the channel itself, only a rough estimato will be 

made here. The volume of sand deposited in the struots and highways was probably 

about 20OO, certainly not move than 25,00O cubic motors. The amouat left in 

the channel (exclusive of channel areas at road intersections) wes somewhat 

greater, but not more than 50,0u0.
 

,/... The total
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The total volume probably did not exocd 60,000, but to allow a reasonable 

margin for error, the figure of 75,000 will be used here. 

jith modern eaxthmovin' oquipment, material of the nature of this 

sediment can be picked up aid moved a proper distance away from the channel, 

or even up to 100 meters distance, for a cost of 6 to 8 piasters per cubic 

mater. £*t even ii th a ost were to be a4 hiuh as 10 piastcrs, and 75,000 
7 ,5 00 cubic maters woro to be excavated, the cost would be only L * If a 

small extra allowance of PL 5d0 is made for repair of canal rotainin walls, damage 

to hihway surfacin at IEm 4 and other minor items of public damage, then an 

overall figure for the total not daagos-for the flood of March can be established 

at :boutL 23,0000 

2 

SIGNIfICANT 0123 WVYI(i:OS CCUP*TIN : PL00 DSAMGES: 

In makzithis survoy of offects of the flood soveral facts booamo 

strikingly araxent, T; a several aspects of the flood woro discussed at 

length with a considerable number of the ownors or operators of farms that 

were subjected to lthu flood0 

1l parties who were 'a2ffected by this and previous floods are of the 

opinion that before 1945 tile floods of the Megenin did no appreciable 

damasje but resulted in considerable not bencfit because the water did , 

not carz saa di Nearly all believe that there would be lose daiage if the 

floodwaters were permitted to spread over a larger area, that is, if no 

rotainin0 walls or dikes had boon built to attempt to protect certain 

installations or areas. They have observed the f ailure of offorts to date 

(the artificial channel, dikes, walls etc.) to keep flood waters off the 

land; the manner in which this channel becomes clogged at soveral points 

during each flood event makes them skeptical that any such scheme will be 

complotely successful in conveying the sand to the sea0 They are all 

concerned over the increasin: violence of the floods, but particularly in 

regard to the great increase in the volume of sand that is deposited whrever 

the floodwater, after it breaks out from the channel, is slowed down a bit. 

And they a'o nearly united in their belief that the best approach toward the 

solution of the problem is to restore conditions in the watorshed to the way 

they wore before the floods ,ogUan to do damage. They realize that this will 

'bake time, and feel that in the meantime the existing channel should be 

maintained and improved to a limited extent, 

Dut the xiost sitaificant obsurvp.tion mudo durin.V the stuly i t1hA the 

so.floodwoters flowing over the land actually do relttvoly little damage J2t 

The floodwater does its principal damage as a vehicle for transporting heavy, 

undissolved sediment - the sand - onto the land. 

he water%,whether by its velocity or by standing impounded for a period 

./-., of time 
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.of timne, does only minor damage, confined almost exclusively to low-growing 

annual crops in the early stages oftheir growth The important damages axe 

caused, almost without exception whethor to trees, vines, or irrigation systems, 

by the depositions of sand. And the study brought out an estimate that this small 

flood loft behind, in the flood zone, something on the order of a half-million 

tons of sand. Thus, while the channel succeeded in wasting into the sea about 

one-chiof the valuable water and suspended sediment, something lio 90 percent 

of the bedload sedimnott - the sand - was left behind, in the farm fields, in 

the streets and highways, and in the flood zone section of the channel itself, 

Obviously, the reason that water moves on Lo the sea, but sand does not, is that 

the velocity of the flood is ieduced as it travels through the flood zone, and 

its ability to transport the heavy bed-load is correspondingly reduced. 

this at once leads to the conclusion that any scheme for channeling the 

floodwater through the flood zone, or over any route of los;or gradient than 

that of the wadi in its approach to the flood zone, will be of little bonefit, 

If such a channol in wide enough, it may succeed for a brief period of time, 
in conveying most, perhaps all of the' floodwater ( if no flood greater than the 

1945 event occurs) to the sea, but it canhardly be expected to succeed in 

swooping into. the sea nearly all of thi. bed-load sand that the wadi moves down, 

It then becomes only a puostion of time, if the sand is not removed from the 

channel between floods, until the accumulation of sediment will so reduce the 

channel capacity thab the channel will no longer accommodate a largo flood flow 

and some of the flood will leave the chanael, headed in whatever direction 

offers the greatest induemont of gradiento 



STUDY OF THE ADI 1!EGENIN, FLOODS 

SECTION II 

A PLLN FOR MINO LIMOVIhENTS IN TilE FIOD ZONE 

INTRODUCTION 

This plan for minor improvements in the Tripoli flood zone is based on 

the promise that there will be put into effect, an intensive, comprehensive 

land management program on the watershed0 which will progressively reduce the 

quantity and intensity of floods of water and sediment that periodically 

descend upon the Tripoli flood zone. Until this project has been in C 

- long enough to have brought about some reductionoperation for several years 

in pea. flood discharge rate and considerable reduction in the percentage 

of sedimeab in the floodator - it is believed that any 1orge engineering 

works in the lower reaches of the ?rogonin water course are economically unsound. 

The present artificial channel through the flool zone, while wasting valuable 

water into the sea, does prevent a portion of the flooiwater from flowing 

out over the land and this function seems to justify its continuing existence. 

In the March 1956 flood this channel carried approximately one-half of the 

floodwater bo the sea. This plan for minor im1 rovemtns, then, is excecdingly 

simple, It aims toward maintenance of the existing channel at approximAely 

its iwesent discharge capacity and suggests a plan for raising certain sections 

of roadbed to reduce the cost of sand removal at those points. 

At the present time, the only mechanical impzovements are the nasonry 

and concorte walls on both sides of the channel on a roach of some 150 - 200 

moters on the approach to the right-anglo turn at Em 4, and the 50 meters 

length of masonry wall on the outside of a sharp left curve some one-and-a 

quarter kilometers downstrom from M 4. 

It appears to be desirable that the walls on the outside of these 

-wo curves be maintained, but not raised0 Since the lower reaches of the 

channel will carry essentially no greater discharge than now passes Mi 4, 

there is no advantage in making any greal improvement here, but it is 

believed to be worthwhile to make a small increase in the radius of 

curvature of the inside of this and the next sharp bend - porhaps up to a 

50 motor radius. This could involvo the public acouisition of about 0.2 hectars 

of land, No wall should be built on the inside of those curves. At no other 

places are the curves of espaial siidii'icance, because the last point 

of major "breahout" is only a few hundred metors below the second of 

./.,. these curves 
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these curves whore water runs down the main stroot loading 1N4 to Porte 

Benito. For this reason it is rocommended that no other changes in alignment 

be made. 

The next item of this plan is the raising by approximately one meter 

of the roadbed of the Castel Bonito highway from about [Cm 5 to the first 

small rise north of Km 4 so that when the floodwater pours across at Km 4 

(!6 it will and proporly should continue to do until the watershed stabili

zation program becomes fully effective) the depth of sand which remains on the 

roadbed after the flood will be considerably lessened, with a corresponding 

reduction in the volume that must then be removed, Exactly the same treatment 

is recommended for the reach of main NW-SE road which parallels the wadi in 

the vicinity of the Azizia highway crossing. Some channel excavation in 

approximately the first 1000-mter reach below this crossing should be made, 

to increase the sradient by approximately one-third, but this excavation 

need be no more than 10 meters wide on the bottom, and would involve removal 

of only an estimated 5,000 cubic mters of material. This item iso however, 

the least essential on the whole plan, since there have never been any 

damaging breakouts below the Azizia crossing. 

The one remaining item of this plan is that the channel below Im 4 

be maintained on approximatloy *ts present gradient, following each flood, 

and that sand be excavated from the roads and highways, by the employment of 
efficient oarthmoving equipment. 

A good combination of equipment for this purpose would be one tractor

dozer scraper unit and one small (appronimataly -} cubic motor capacity) 

truck-mounted dragline unit. There sho;.ld be a roadway on the right side 

of the canal from Um 4 to the bridge near the sea, alon. which the dragline 

and truohs could operate. (Right of way for this road should logically be 

donated by the property owners involved, as their participaion in this 

program for amelioration of damages from small and medium floods). The 

dragline is especially valuable for loading sand into dump or other 

trucks when it is desired to make a roadbed fill, such as just previously 

discussed, or when contractors or others desiring to acquire "free" fill 

material are found to be willing to haul away sand without charge iC it is 

loaded into their trucks Iy the dragline, without charge. 

.ith the forgoing minor improvements, and with the employment of the 

maintonance equipment as described, there would be essentially no need to 

employ hand labor for sand removal as is done at present; and following 

c/.., the line 
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the line of discussion on this poinL in Section I of this report, it is 

estimated that the total annual cost for necessary public maintenance 

Work would not exceed ZL 15 ,000p gradually diminishing as the watershed 

control prom becomes more and more effective. 

The initial development cost of those minor improveronts would be 

no more than a proper portion of that nocessaty for raising (aud re-surfacing) 

the sections of roadbod as discussed previously. The whole cost of raising 

the roads cannot properly be charged as a cost of this plan, for it is 

obvious that whin a few years these roadbeds will have to be raised in any 

case - wbother or not thero is a new channel to take three-fourths of the 

wadi flow to the some Even if a new channel were built, the one-fourth of the 

wadi flow that would continue down the present channel would continue to 

prut considerable sand in some reaches of these roads, Already the level of 

the land in the area surrounding the roads, especially in the vicinity of 

Rm 4, s' so much higher than the roadbodp and the benks of waste sand 

thrown to the sides of the road are so much higher than even the average 

area level, that there is truly 0nomore place to put the dirt", and the 

situation strongly indicates the necessity for raising the road, Again, 

practically the same discussion applies to the reach of road paralleling the 

wadi at the Azizia crossing. Since both these'sections of road are close 

by and parallel to the wadi, the cost of placing the material to make those 

fills, it it were planned as a ;art of the channel excavation (maintenance) 

operation, would be at a very nominal figure - hardly more than the cost of 

excavatinag the mterial am depositing it as wate at the most convenient 

dumping ground. Xs an overall estimate, it is believed that not more than 

L 20,00 should be spent as an initial development cost (this is separate 

from the first year's L 15,000 maintenance cost).in implemcnting this plan. 

http:cost).in


STUDY OF WAD1 MEGENIN FLOODS 

S1CTION III 

ECONOMIC AMLYSIS OF FLOOD CONTROL P1OPOSALS 

TME Td PROPOSALS 

Two proposals are compared in tiis analysis. 

Proposal I - Diversion-+nthe-Sea Scheme - Ze-routing the lower'll kilometers 

of the wedi into a now charnol to the west of Tripoli, 

11oposal II - lMaintaining and improving to a limited extent the present 

artificial channel through the flood zone (based ontho assumptionthat there 

will be inauguratcd without undue delay an intensive, comprohensive watershed 

stabilization program). 

TIE PRI IISES 

The discussions to follow are based upon several promises. One is that 

fresh water is of such significance in the economy -f the Tripoli ONsis that 

no appreciable amount of money can justifiably be spent to cause any appreciable 

amount of water-, even floodwater, to be wastedp unused into the sea. A second 

promise is that flood and sediment producing charactoristics of this watershed 

and the extreme erodibility of the gefara soils are 'such that the only feasible 

approach to -flood control is to so alter the watershed charactoristics that 

much less rainfall runs off the watershed A third is that the watershed 

stabilization pr6gram is economically justified on its own account - the results 

and benefits within the iatershed, and the protzrsm~s significance as the first 

comprehensive demonstration of land management principles ( land resources 

utilizLTon and conservation principles necessary for sustained and increased 

agricultural production), are onple justificabion for the cos6 of this proGrram. 

Thorefore the downstream benefits of the satcrshed projects such as re

duction of stroambank orosion now eating into fertile farmlands bordering the 

watercourse, lessening of damages at the Tarhuna road bridge, and progressive 

reduction of flood damages at Tripoli, are bonus benefits, against which no 

part of the watershed project costs neod be charged. 

RSIS OF COMLPARISON OF TIlE TO PROPOSALS 

In aikdng this comparison, it is necessary to assess the various offLcts 

of the floods, now nd projected into the future, for the two plans, first, in 

physical units, then converted into their monetary equiralonts. Thusp development 

worts, damages, benefits, maintenance opcrations, and other factors involved 

in the comparison can be added up in compatible torms, It is lever possible to 

) measure the flood effocts, espcially those concernin, such 	 fictors as 

./,** Uroundwater 



groundwater rocharge, with incontrovertible precision SiSLilarly, it is never 

possible to convert a number of diverse factors into monetary units, to the 

* 	 complet satisfaction of .ll interests concerned; nevertheless, this is the onl4 

satisfactory basis or making a surmation of all the factors. inally, when 

all costs are stWted en an annual basis, and yeax-to-year variations are reduced 

to ra average ainual figure, direct comparisons of one plan against the 

other can then be made. 

ANALYsIS OF COST FACTORS, AND IZOJECTION OF TRENDS 

Progressing from the discussions' in -ections I and II, the average an.ual 

value of the several factors involved in oaoh proposal, for the present and for 

the uturo, must be ostablishea 

A first item in the comparison of Proposal I and Proposal 2 is the initial 

development cost. For Preposal f, the divorsion-to-the-soa scheme, this cost is 

estimated at ,ZL 175,000; for Proposal 2, the plan for minor improvement of the 

existing channel and roads and streets, the estimate is ML 20,000. 

It was stated previously that the not damages from the March 1956 flood 

were determined to be on the order of L l5,OuO to private property and $L8,O 

to public property. %boutthe only method of converting those figures to an 

avora;e annual basis is to add up all tho flood experiences from about 1945 

to the present time and divide by the number of years. The average annual damage 

figures probably would not exceed, by an approciable porcontage, those for the 

one flood of hNch, 1956, us there have not been more than ten such floods 

in th. past ten years. But allowing for the fact that the trend of the magnitude 

and irequency of the floods is an increasing one, it sooms reasonable and proper 

to ostimute that, curronfly, average annual damages, or losses) are somewhat 

3reator than that for the March flood. While it seems unlikely that current 

annual damages could be as groat as twice the March flood figure, nevertheless 

in order to be certain that an ample allowance is made, a figure essentially 

* double the March damages will be used henceforth in this analysis. Therefore, 

current annual costs and damases are set at: 

&L 30,000 average anual damages to agriculture and private property 

SL 15,000 avorage annual dtaages, essentially maintonance costs, to 

public property (on the basis of use of efficient oarthmoving 

equipment for sand removal instead of hand-shovel labor. 

Here it must be repeated that the minor improvements to the existing channel 

-/-.- and thie 
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cad -e raising; of previously inundated sections of roads (Probosal 1), 

which can be completely accomplished in one suirmer season at a cost of 

L 20,000 would make an immediate small reduction in damntos to agriculture 

since channel c:Lpcity would be slightly increased, and a rather considerable 

reduction of public expences since with roadbods raised there would be much 

less sand to be removed following each flood, However, no credit or reduction 

in eithrprivate or public flood damages will be assumed as a result of these 

improvements, in projecting damage costs into the future as portrayed on 

Pl te 3 (Appendix). Instead, the downward tread of these costs is computed 

solely as a result of bho flood-diminishing accomplishment of the watershed 

stabilization progrn, Here again, this procedure makes doubly certain thULt 

the allowance for future damagos is ample. 

* The influence of the watorshodprogram on the size, shape, and composition 

of the loods, as shown on Plate la and as discussed previously, will have a 

correspoiding influence on all damages in the Tripoli area, presented grapliica4y 

on Ylt0 3, Here, the "curve" connectinC the total annual costs takes the 

familiar "bull-shaped" conformation, The rate of chan.,e would be slow at first 

in consonance with the time lag roquired for the 'wmorshod program to reverse 

the Present upward trend of the floods, but within a very few years the several 

mutually-supporting changes in the watershed would be accelerateng the downward 

trend of the floods and the damages in the Tripoli delta (the cost "curve" would 

tilt more steeply as each your passed by), until by 1965 tie decrease in 

damzages would be on the order of some jiL 4,000 par year, Eentually, following 

achievement of a near-maximum degre ;f stability (or equi librium) in the 

watershed, visualized as attainable about 1975,the curve would become loss 

steop, but by then the average annual damages would be down to a very low 

figure - something on the order of perhaps -L 6,000 ror year, or even less. 

.Actually; bhis is believed to to a modestly conservative projection of the 

results that might be brought about as a result of Lhe wat6rshed pr)gram 

Certainly by this time the density of vegetation on the watershed should be 

equal to$ probably groter than that which existed in the pe'riod 1920 

1930, gullies and streambankis should be well tabilized, and altogether 

the flood and sediment producing charactoristics of the watershed should be 

correspondingly comparable to wzhat thoypore during this early period, when, it 

should be borne in mind, the floods were definitely beneficial, on not 

balance, to the lands of the delta flood zone. Therefore it is even possible 

that bhe annual cost surve (Platc 3) would go all the way down to zero before 

1975i 

An 	 aaly:is of the initial situation and a projection bf future costs 

,/.. atbondant 



attendant to iroposal 1, thu diversion-to-the-sea, can be made in a similar 

manner, and is shown on Plate 4. irst, it is estimated thwt to cary out 

the proposal as outlined in the published prolimincay plan for "Improvement 

of the Lower Megonin" including the "necessary improvements to the existing 

channel" and the bridge on the Azizia highway, an initial investment of about 

ZL 175,000 would be required It is assumed that construction operations 

could not be completed botwoon two consecutive rainy seasons, and that the 

first season's work (spring-summer 1957) could not bLu expected to divert 

the floods of the following rainy period, which means that the first yearts 

flood danage costs would be the sane as for 1roposal 1 - LL 45,000, During 

the second year (spring-summer 1958) construction operations could be 

completed, and for future floods 75 percent of the flow of wator and 

sediment would be diverted along Trace I to the sea, At the moment of 

completion of the project works, some time prior to the onset or the rainy 

season in thu fall of 1958, the total charges -0aiinst the projoet would at 

that time be the ,L 175,000 developmoent cost, plus the L 45,000 daages 

from the previous season's floods, for a total of 2L 220p004very loss 

or daiage th-s occurs after the inception of work on zither Proposal 1 

or Proposal 2 must be charged against that plan' in order to mike the 

comparison valid). Dut as soon as the first flood begins to move down the 

new diversion chanel, maintenanoc costs would counanoc here, and other loisos 

rusulting from th0 waste of water would begin to accumulate as a chargeo egainst 

this project. These losses will be discussed lator on in this dcction 

Jith 25 percent of thu flow of th floods continuing to s;o down the 

existing, or old channel, there will continue to be heavy depositions of sand 

at all constrictions - at Em 4 and the other sharp bonds, and at the road 

crossingSl) north of the Roan Church, 2) at Azsizia. irracks, 3) at the inter

national highway near the sea, ino this sand must thon be removed for the 

same reasons that it has boon removed following floods of the past, there will 

still be considerable expense attendant to this maintenance rcquir.;ment. 

Actually, the ann;al volume of sand doposited here mitht amount to more than 

one-half the current quantity, but for purposes of this anlysis, and in 

order to avoid the possibility of "favoring" IToposal 2 in this respect, a 

figure of only one-third the current tmnount.will bo used, One-third of the 

current annual cost of this item, as explained previcusly in the discussion 

of itroposal 2, is LL 5,0,0, and it should be r!callod that tho. 2igure cen be 

this low onl - if th snd removal is performed with officint earthmoving 

equipment. 

This itom is labolled as zthintonance of Old Channel and oads" on plate 

4, Initially it smolun-s to D3L 5,000 annually, But more important than the 

./.- initial 



initial situation is the trod of future events. WIthsut the nwtursbh 

rruxam, the trend of the floods of water and sediment will be increasing, 

ever more rapidly (as has boon observed during the past 25 years) for 

some years into the future. Thic has boon discussod in ection I, and 

is, shown graphically on Plate Ia. Thorefore it is only rossonable to 

project that the cost of this maintenance ito= would increaso progressivoly 

so that by 1975 it would attain an annual fisuro of ;L 10,000, double the 

initial amount. 

The next iteo, or soeouet of annual costs ttendMat to 1-rotosal 1, -is 

the loss of the boneficial effects of water spweading out over the flood 
plain - prevention of this flooding of private land is stated in the Plan for 

Alproveramnt of the Lower Meanin (Proposal 1) as being the iajor justification. 

fox the project in the first instance. 

If there is to be no more spreadin: of water avnr the flood plati, all 

the traditional bonofits of irrigation and deposits of the fortilo suspended 

portion of the sedimont, wbch oven now onrichoe the lowor, more distant 

bcundary areas of the flood zone, beyond the reach of saud, will be loot. Mis 

loss, though undosirablo, ill be an inescapable corollary of prevention of 

the floods. Dut without doubt a loss of equal or greater consequence will be 

the reduction in the rechargo of tUe jrounduator reservoir that supplies 

Tripoli's wells. Bach cubic motor carried by any channel to the sea instead 

of spread out over the delta flood zone oans, oxcept for the relativoly 

small ovaportion loss, one less cubic uotor either used by vogoetation or 

cAdod to the jrouDwator reservoir. This subject has boon discussed in 

jection I au in the spooial otatomont by Dr. Codoretrom, USW4A Groundwater 
Geologist (Appendix). The value of this lose itom - irrigation, Lenoticial 

suspended sodiront, and ;groundwabor rochargo - is consorvatively set at 

.L 5,O0 per year, initialy, Dut here again, the future will certainly 

brinr' om increaso in the imporlnco of tho groundwater factor. Jith no 

more floodint of the delta zone, the drop in buho avorago groundwator level, 

in an area iiuch largor than the area formorly flooded, would undoubtedly bocon 

progressive with the passago of yors, which iocus that all water lifts and, 

coucoquoutlyr pumping costs, would Locome progressively groator, Concurrently 
thoro would also occur a jradual declino In yield rato of the shallower 

or poorly constructocl wells, Obvi usly, when thoso wolls detoriorate to the 

poinb tht~b they fail, by a cortain inrgin, to oot the established demancls 

orcviously actisified, their oinecs will find it necossary to !aho additional 

invostmouts for mnlargernt or dooponing of thoso wells, nd oven, oveutually, 

for drilling now ones, 

And 11ho, as the loworint of the water table procoods farther and furthor, 

there is the ominous threat of saltvator inbrusion, into those wells wheo the 

/....... wator surface
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water surface is consistently pulled down below the level of the sea. 

Therefore it is blloved that the irrigatin-and-groundwater loss, 

initially AL 5,000 could become a tactor of considerable proportions; 

but for the purpose of holding to strict conservatism in this analysis, 

this factor will be estimated to have increased to only 4L 10,000 unnu&lly 

by 1975. 

The final iton of wanual cost of the troposal 1 project is the maintenanco 

requirmtoL for the new works - the "barrago" in bhe iogenin, the eleven

1lus IJlom,,obeXs of chanel, and the six "waterfalls" (mechanical structures 

designed to drop the flow 3 metors or ioro at eacig of the six sites.)I The 

maintenance rgequiremonb would commponce with the first flood upon which the barrage 

performs its intended diversion. If the scope of the dumagcs caused by the 

the unlined main and auxiliary canals of the Amiot-VialoDecember 1955 flood in 

and the Jidi ilni diversion projects are any indication of what uilht happen 

to the unlined divortion-to-he-Sea canal, .Auch of which would also be in soft, 

cotible sand, it can be seen at once that annual damages to the latter canal 

could be of considerable proportions. Since the gradient and hydraulic radius of 

the new canal (both proposed to be less than in the watercourse of the Megonin 
itself) would reduce the velocity of flow in the canal as compared to the 

velocity of approach in the watercourse upstream from the barra,}e, the canal would 

be unable to carry the full load of sediment boing delivered into ito and therefore 

a considerable percentage of the sediment would be deposited in the canal, Unless 

all this deposition were to be removed, following each flood, it would continue 

to accumulate until the restricted channel would overflow, Windblown sand would 

make frequent contributions to the constriction of the channel. Wherever the 

channel extended through reaches of sandy formations, floodwaters would cause 

the banks to erode rapidly, causing the channel to become widor and shallowor, 

and therefore less efficient in dischargint floodwater. When the inevitable 

overflows shall have occurred, floodwaters that had oscapod the charnnel would, 

unless horded back by long, strong dikos, by-pass the "waterfalls", with serious 

wash-outs at the stoop breaks in gradient in the viciniby of, or itnediately 

adjacent to the abutments of the "waterfall" structures, This would loave the 

structure standing high mad dry, performing no useful function, until the 

rxcther expensive mainonance work.is performed. In short, to maintain the 

atire system in the same shape - the actual physical dimensions - of its 

original docignamud construction, the annual mainteaunce requirement would 

unquestionably lo rather heavy, Obviously, the proposal nut have contemplatod 

mienta'ining the canal in its original shape and .radient; othorwise, there would 

be no purpose served by tei construction of the waterfalls. Though it is possible 

hiat annual maintenance costs Could average as uoh as one-fourth the initial 

development cost, the figuro to be used in this analysis, in order to allow all 

possible credit to the proposal, is here set at a considerably lower figure 

/ .... of L 20,000 
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of ZL 20,000. 

Total annual costs, following completion of the projct, showm 

graphically on Plate 4, begin at UL 30,000; but they would increase in 

the annual costsaccordance with the currenb trend (Plate la) so that by 1975 

would be on the order of ZL 50,000. 

Finally, the last stop in tho economic analysis of the two plans is 

a comparison of the cumulative costs, developed by a simple accumulation 

o the annual costs shown on Plites 3 and 4, Cumulative costs for the two 

plans are sot forth on Plate 5. There are two curves for each of the proposals, 

the lower one of each pair of curves showing partial costs to be assossed 

against that propsal. The lower curve for Proposal 2o the plan for minor 

improvements to the existing channol, portrays costs-damages to agricultural 

developmonts and private property. Ly 1975 the watershed stabilization Program 

will have become so effective in controlling the floods of water and sediment at 

Tripoli that this curve will have become nearly levol, as annual not damages 

approach the very low figure shown on Plate 3. The upper curve of this pair sums 

up all costs, including the initial development cost and Public costs as well 

as private costs 

This curve also becomes essentially level by 1975. 

The cumulative cost curves for ProDosal 1, the diversion-to-tho-soa schomov 

however, presont quite a different story Here, the comparativoly large initial 

development cost puts the investment, or cost, at a high level to begin with. Then, 

the several annual costs, commencing at a figure of L 301000 (Plate 4), will be 

rising in an ever-increasing trexnd, in consonance with the over-incroasing violence 

of the floods, since, as has boon previously stated, it is procumed that with this 

scheme in effect there would be no effective watershod stabilization program, (Note 

once more; ongineering works alone - rock dikes, ot cotra - without control of 

grazin&, of cultivation, of osparto pulling, can not possibly bring about offective 

stabilization of the watershed,) 

The lower of the pair of curves for the diVorsion scheme sums up initial costs 

plus maintenance cost for the diversion and its appurtencnces - the canal and the 

nwaterfalls - only. The upper, or, "total costs" curve includes these costs and all 

other that pertain to this scheme: 

1) First yea~rs flood damage in the flood zono since the diversion would not 

yet be in operation (4L 45,000) 

2) i.aintenanoe of the oxisting channel and roads. 

3) Increased irrigation development and operation costs due to lowering 

of the average groundwater level. 

4) "Lost" flood-irrigation benefits (consolidated with item 3 on 

Plates 4 and 5). 

/...... A glance 



A lonco at the upper curve pertaining to each proposal shows 

ILth thoro is at all tines a considerable sool beteon the tiro 

Odie costs to be ohnvGod against teio diversionornultive total of 

scheno will exceed that for the oistinxg chamol improvouont plan by at 

least L 100,000 at any time in the future. 13y. 1970, the cualativo advantage 

in favor of this plan will increase to almotst .J200,O0, while by 1975 this 

advantageo will reach the proportions of at least d!L 300,000. 

The questious may be asked - should not both -U0 watorhood Stabilization 

program and the divorsion-to-te*soa schemo be carriod out? Vould not the 

cost of the diversion scheme be justified by the roe1uction in flood &Unaaes 

which it rould brin2 about? The answer to those quostions lie partly in 

the premise stated in the beLginning of this analysis - that fresh wator is 

of such signifiomno in the econory of the lripoli asis that no c.ijrociabo 

amount of 2oney can justifiably be sped to cauce any akprociable amount of 

valtor; evon floodwater, Lo be wasted, unused, into the soa, 

The Tripoli Oasis is quite obviously the focal point of the occuor 

of Tripolitania, and to some extent, for all of Libya. If Tripolitani's 

OOnOfpr is to iovo steadily forward towardO that, sought-for "'oal Of 

viability, Tripoli must grow, cud the aricultural and industrial production 

of the Tripoli area ust grow. And each of those directions of trowth will 

require ever-increasintc quantitios of wertor. The inoroso in 1) poulation, 

2) light industrial activity and the service Industrios, and 3) irrigated 

aGriculture, that have taken place in the post ton to twolvo yors, arc som 

indication of what ny be expooted in the not decado or -wo. uta this growth 

canot to place unless the roluction of water supplios can oop pane with 

the growing demand. Not only tnist the population of the area grow, but n 

increased consumtion M cpita is on inescapable necossity for -n oxpanding econogy. 

Thorefore it is of supreme inportunco that the comanity not be committed 

to the operation and maintenance of a diversion project which would cause 

some 6,000,000 to o,m0,000 cubic ;:etern of water to be westod annually. 

Should the diversion projoct provo to be a "tucoass", to the otont that the 

maintenanc requirouont Ohould be tbolorablo to the public purse and the projoct 

thus kept in full operation as planned, the waste of tator rould obviously continmo 

indefinitely, since privato land. owners in bho dol-ta sone Proviously subjoct to 

flood donengo would be most likely to contest hotly any futuro proposal for abandomont 

of workn which hed oliminated such flood damages to their land. This would prchabiy 

to their attitUado ovon-if thoro woro a watershed program that led been in o2istogce 

low; onough to have reduced annual flood and sodimont dischorgos by a fair laxCin, 

for those land ownors could still hardly be ex>octed to vote for abandoment of 

a diversion works which had boon "succossful" in heoping a numbor of floods off their 

land.. And they would always bo fearful of the 
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Dig Flood that mitht come down upon them without the protection of 

the diversion works, even though the watershed program had taznod the recent floods. 

On the other hand, should the diversion works prove to be a "failure" 

which would properly describe it should the maintenance requirement secome 

intolorabJe and the project actually abandoned, it would then be only a 

matter of a feiv years until the channel a short distance below the barrage 

would., because of its extremoly flat gradient, become constricted to the 

point thaI, it would no Longer accomiodate a medium-sized lood, and then 

the next one would broab out and-turn back toward the natural watercourse? 

returning tL it probably within a kilometor or two from the point of 

diversion, Should this occur, restoration of the system would then become 

highly irprobable, awL any value of the entire project would cease to 

exist. 

Considering these alternatives, it appears improbable that with or 

vithat the vatorshed stabilization program, the diversion-to-the-sea 

proloot can hardly be expected to provide benefits that would be worth 

it, cost, for Lho short term or for the long term. This is predictable 

wsth considerable certainty for the short term (first five years) and 

.or the internmediate tcris(up to 1968 - 1970), due to the large 

initial cost of the diversion scheme, including the improvements to the 

existing channel stated in the proposl to be essential aud itocessary, 

and the obvious fact that maintenance of the now channol and its appurtonnces, 

plus raintenance of the existinr channel and of the road, and streebs, will 

be a sizoablo factor. 

There is still another cousidoration of some signifiance. It hinges 

around the prospect that, with growing eftectiveness of the watershed 

stabilization program in reducing the flood peok discharge rate and in 

reducing the average sediment contont in the floodwaters, some type of 

engineering works would actually come into being0 Perhaps the "improvoment" 

in the flood flow by 1965. or thereabouts would be such that limited 

operabion of the Akiot-Viale and the Sidi Gilani canals would become feasible 

(which is believed not to be the case at present)). Then, perhaps the 

diversion-to-the-east at )ir es Salalma mi;ht appear to be sufficiently 

feasible that this project might come into being. Then with these pifojects 

all draining off a fraction of the flood flow, a downstream low-dam 

detention storage reservoir - a very long dam creating a very wide, shallow 

lake - would very likely become feasible. Should.tibso water-utilizing projects 

be placed in operation, the net flood dvmage at Tripoli would drop to zero 

immodiatelyas then whatever minor flooding might still occur would bring 

benefits to excess of gross damages, as was the case far the thousand of 

yours before 1945..Note, however, thA those enginoring works can become 

feasible only after the watershed stajiliAtion- pro:ram has brou;ht about -some 

reduction in flood peaks and a considerable reduction in sediment load. Note 

also that these works are not assumed in the analysis prcsented on Plates 3,4, 

and 5. 

ihe point hero is that should the community make the investments in the 



divorsion-to-the sea, and become conmittod to the rather considerable oponso 

of Ieoping the scheme in operation, it sooms loss likely that a full-flodged 

ivatershed stabilization program would ever be put into effect, since the 

intorests in the Tripoli flood zone, both private ad. public, would not then 

be looking to the watershed program for amelioration of the flood damage, 

flat oven if this conjecture were not correct, and the whole watershed program 

is pat into effect, the committment to the divorsion-to-tho sea would militate 
strongly against tho undertaking of such floodwater utilization developnents 

(entineering works on the tofare) as those just discussed which Twould render 
the diversion to-the sea =ncessary,and, in fact, completely useless. 

that is the value of a cubic meter of water? - To a desert nomad who ay 
have to cavy it, 20 litres at a load, on his beck, several Idlometers eamn 
the well to his tent, the consumption of one cubic meter may mean as much as 
two hundred hours of hard labor, To put this on a coamercial basis, the desert 

nomad, since he must do work other than carrying water, could not possibly bo 
hired to carry the embic meter of water for less than zL 2M0CC (vages: I piaster 
jer hour)0 This is only to say that huma -beings will pay, in lauor or in cash 
whatever they must iW for the minimum amount of water necessary to sustain lifeo 
Additional uses of water merely add to the comfort of living and to the over-al1 
economic lveal, the rate of this additional consumption being dotermined by what 
the, economy of an individual or group can afford, 

In the econony of people living in the Tripoli Oasis, a reasonable estimate 
of the average total cost of producing a cubic meter of water (all of which 
comes from the groumdwater reservoir) at the ground surface level, before it is 
conveyed to the point of use , is about 2 or 3 piastors. The cost of distribution 
from Ground level at the woll-had, to the point of use, is an additional factor. 
But for comparison, the cost of delivering a cubic meter of fresh water, truoed 
from Ain Mrassis to a distribution point in Tobruk is probably ten tines as 
greet, 20 to 30 piasters. This one condition a lone, as long as it holds, places 
iron-bound restrictions upon the growth of Tobzuk or the oxpansion of its economy. 

The point here is that the over-all economy of the Tripoli Oasis, limited 
as it will forever be by both the quontity bhat can be obtained from the under
groumd storage reservoir, and also by the cost of obtaining it, can better 
tolerate a damago cost for a few years ye;&, of one or one-and-a-half piasters 
(the current rate) from each cubic meax of water that floods over the delta 
flood zone, in order to got the cubic eter of watcr into the tmdergrond 
reservoir, than it can tolerate the a-2enituroone piasters toci' or more 
avoid the flood damage by vaiting the water into the sea. The day is oaetainly 
not far in the future when the ontarged and. intonsified demand will accent a 
higher cost for water than prevails at present, but ther' is no economic 
jutification for hastening that dav b) oponsive works whose function is to 
decrease the supply of, available 1autqrI 



The whole watershed, with its resources of land and water not just 

one small portion of. it (the Tripoli Oasis), is importzat to Libya, 

The growing floodso and their sediment load, are an undeniable measure 

of the accolorating dostruction of the Natershed's resources by erosion. 

They are a clear symrptom of the malady that has besot the watorshed 

the malady of abuse, overuse and exploitation - the removal of vegetation 

faster than nature has been permitted to produce it. 

Only time and vegetation, not ongineering works, can correct this 

trouble, Any twlLien action aimed at obtaining quick results can be no thing 

more than a shot in the arm, a temporary amelioration of a malady that 

will certainly kill the patient, unless the ,alady is cured at its 

source, The real cure, for the patients or for the Megonin watershed, 

will take somewhat 3anger, but will cost less and produce greater benefits 

in the long run, But bho overall watershed program is the subject of another 

roport. 

As for the proposals for flood control at Tripoli, the question is 

merely a choice of; 

1) Obtaining quick relief from private flood damage and a partial 

reduction of p ublic maintenance costs in the presout obannel area, 

ab the expense of large invesient and rtamiteuice costs in a new 

area, attonded by the loss of all the traditional benefits of the 

floods, or: 

2) Acceiping a certain amount of flood damago lat the present zone, 

for some time yet but on a diminishing scale: moanwhile, concen

trating all possible efforts on the overall watershcd protram -

the only Dormanent solitlion for the flood problem and the only 

way to provent the destruction of the watershed's resources as well. 

The question is mrely one of obtaining' illusory short-tom bonofits at 

thu expense of the future, or of gaining greater and more lastng benefits, 

at less overall cost though at some specific sacrifice for the short torn. 

- 2D 
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Recont Events That Resulted in Floods 

I.lillimotors Heinftll 	Durinr Statod periods 
26-29 26-29 13-14 

December LarchDecember Decomber April
1955 955 195G1933 1945 

mmTripoli 210 Ln 100 n 17 nma 25 m 13 
7 days 13 dmys 23-29 Apr 26-29 Doc 13-14 ur 

17 maCastel 150 m 05 mu	 33 an 
0 days	 26-29 Dec 13-14 ea:Bonito	 Q day' 

63 m 14 mm 44 nm 15 mlSASMzia	 100 sn 
6 days 7 days 28 Apr 2G-29 Dec 13-34 Lear 

14 	 n 54 La 13 muflu Ar"ib 
26-29 Apr 26-29,Doo 13-14 tie 

Garimn	 01 an 100 mn 41 n ' 90 Eom 33 s 
10 days 6 dayl 26-29 Apr 26-29 Doc 13-14 La 

01 	 an 83 mn 35 cn 100 ma 44 maTicri=a 
.9 days 10 days 26-29 Apr 26-29 Dec 13-14 Lkr 

BO LM 26 m 74 mr 35 Mm33n Ghoilon 90 z 
6 days 5 days 28-29 Apr 26-29 Dec 13 Mar 

Dir 	Feggog 75 mo, V5 rm 
2&-29 25-29 	Doc(Gentor Gebol) 

72 m 24 maTazsoli
 
26-29 Dec 13 Lux 
G. 	 n 27 Lai;LbiOX :iggi	 9Vtn 49 rin 
26-29 Dec 13-14 flar6 days 0 days 

Tazrima goM GO M 55 mm 93 rn 30 Js 
7 days Q days 26-29AApr 26-29 Apr 11 up 

74 m 52 an 36 mn 35 mmGebel 06 Is 
Averate 6 days 4 days 4 deys 2 days 

A i.:onwcur0 of th 	 Chunzo in the Flood Charactristics 
of the d/atorshed 

Dr. 	 i.1gaisini, GUL Zmotoorologist, estilatoo that if: 

1) 100-maranu InT fallon InI a sinClo storm (considored to bo approximately 

the 25-year frquoncy ovot), prior to 1920, runoff would hove been on the 

order of 7 to " rw%(5,000,000 cubic itors. 

2) 	 A 100'mz0rain should fall in the scoe space of time in 1956, tho runoff "ould 
be at least 15 raz producinC a volume, from the 650 :uero-iilouotor Gobol 
dtingo aoa, of not loe than 10,000,000 cubic motors. 

Since a lrcGr flood producoo a hi-hor me, um (nd avoroco) vclocity of flow, 
vna since the samirnoat transortin Jov7er of flowinc wtecr is pro_>ortioail to 

about tho fourth &rhoiticalpovror of volocity, it is probable that each cubic 
motor of gator in rocoant floods cbrriod 4 to L Limos as rzucb sand, on worace, as 

did a cubic uoter of 	floodiwator in tho pro-1920 porioo 
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Tt Quniy unit Total Qtatt Unit Total 
Lot Culture value A Value £ leurks 

7W 
oa a 

104 

105 

Potatoes, Cabbages, alfalfa 

13eans - 5Wg lost 

Irrigation canals 

rangos, pluns, noepoli 

Dranges & olives 

Ha 

Ila. 

Lin.atr. 

Ha. 

Ila. 

1 

2 

1000 

4 

4 

200 

75 

0.15 

333 

250 

3500 

10 

150 

1300 

1000 f 

GO6 300 e Olives in -Wpart of farm receives irriaton, 
good clay sedinat, little sand, Grain planted 
here received irrigation, yield probably inczeased 
by the flood. AVIro= 10 Ila. on Lot 104 was very 
slightly damaged, received irrigation of olives 
anl other trees and crops, and on part of the 
area even annual crop were benefitted. 

Citrus - (le damages) th. 2 100 200 

Citrus & plums Ha. 2 150 300 

Olives 

Irrig. canals, pipes, etc. 250 

2 1400 Several heotares received almost no sand, 
but a layer of clay-organic sediment, and 
received considerable not bonefit. 

101 
100 a 

is. annual orops. 
Olives &grapes 

lisc. annual crops 

I 
lia 

Ha. 

-
4 

3 

.400 

300 
10 100 1000 No sand, Beneficial clay sediment. LEcellent 

irrigation of trees and vines, harvest increased. 

100 

23 
Mise. annual crops 

Grapes 
Olive trees 

Almonds 

the. 

Ha, 

1 

3.5 

100 

250 

3 

100 

875 

300 

4---k -
2 

2000 
200 

160 0.3 
2, 

100 

400 

1 
Gross benefits equal to gross damages. 
Or-apes and olives in west portion of fern 
. rae and Olives in west portion Of foma 

received good irrigation, layer of clay 
sedineat, little or no sand. East portion 
heavily sanded, 

Potatoes Ha. 2 200 400 

Other anmual crops lI . 2 IC0 200 

13i2gption canals 1 .1 ~I--00 
132 a Potatoes Ha., 1 200 200 

.lmonds Bh4o9. '0o A 

131 Annual crops Ha, 3 50 150 

Oranges & Almonds its10 j..Z400 4~----
132 Oranges, lomons, lime 

Grapes 

Potatoes Ila. 

2 

2 

200 

200 

400 
400 

'I 0 

b 

Pear trees in nursery 

Irrigation canals 
rapes - dmged or destro3ed 

linMtr. 
4 a,Ila. 

DOG 0.25 

200 

50 
200 

150 

'A 
rS--- -- I 

New alfalfa, potatoes, cabbages u. . 2 175 350 

Irrigation canals 

Olives 

Grapes 

5T-7-----10 Tfore . reserve (South of 

Gov't forest reserve (North of 

inanal corpe
K f__ _ __ _- -

Is Potatoes and cabbagos 

Beans 

1falfa - year-old 

Young trees - fruits olives 

18 

Lin.Mlr. 

4ter loop ra)T 
>itor loop rT ) 

Ha,. 

200 

_______

4 
-
ia. 

Ha, 

II . 

Ea. 

0.5 

0.3 

75 

0.20 40 

100 
4 

I I--------et~N-~t9frT-------t - -10 
.> .&n* 

'0 

10 

20 
__________-I------ -~-~~lA74------- I-.-----t200 - At

50 
--- 4.<s -

100 

300 

1 

200 

50 

150 

75 

I 

200 t 

tz'1 

2 

50 
'U
50 
50 

I 

200 

200 
.... 

1000 

F 

I-

Good irriCation of olives and grapes, Good 
clay layer deposited, little sand. 

(1956 tree growth increased 200-30W4. Clay layer. 

Squtity of water to grouandwater reservoir., 

the erosion on this farm occurred in the some 

old channel, previously refilled by the 
sediment removed by the 90 ' t from the highway. 
After this washout, it was not refilled, but 
traps wore plnted on the bottom of the wash, 
whore ancient top edit lays, 

&arley- same damage Ila. 1 30 30 

Irrigation pipes 200 



33 Potatoos 

Grain (Olives in part area) 

lfalfa (young) 

Ha. 

114, . 

3 

1 

150 

50 

200 

45"". 
400 

20 

, , 1 i~ig. Pallediuo's farm, includinR that portic 
soldto hs,. wrrag. 1Most of farm covered by
heavy deposition of sand, but 4 - 5 heetares
received very little, and here the crops and 

Jia. annual crops 

Yotang orange trees 

Irrigation systems 

L a. 

Lin.itr. 

5000 

1200 

120 

.05 

0.10 

120 

250 

1.20 

trees received a net benefit, since value 
irrigation and fertile clay sodiment 'ore 
than offset the minor damages. 

of 

Olive trees 100) 2 200 
37 Irri.jation canal 

Aoanual crops 

(pipes) Lin.Mtr. 

Ha. 

330 

7 

0.50 

40 

165 

280 
The survey on this farm sus nde by PAtO0 
Horticulturist Marsotti aend 1Lt4oiorticultlr 

Flowers - destroyed & dunGes, 
I crop lost 

Gray crop daoCe 

Ia. 

Il, 1 

1200 

150 

180 

150 

floidas. On the 1.5 vetoos of flo ers, only
2it destroyed, and only minor damte en 25% 
with, moderate damage o5, 

3-yer olive crop loss Year 3 60 180 

Citrus tree dange 500 

Almond crop loss 75 'n 
"A 

Sand removal 280 

16 &8 Misc. annual crops 50 

Fruit trees 100 

Almonds a. 100 4 400 

22 Olive trees vi 
10 Olvites 1. 6 100 600 fertile clay sediment. 

26 3 Gra~xos E2W 0T0o -- Send - only lyseint- valuable -

Olives Ila. 18 100 1800 irrigation. 

71 Taracks and school 25 

71 & 75 Roseplants .00.10 200 Good irrigation on trees. Very little snd 

Carnation crop 

Gladiolas 

la. 

Fa. 

2 

10000 

400 

0.03 

800 

300 

zeached this farm, Good clay s nt over 
entire flooded area, On some 5-6 heetares, 
there was very minor not damogo, and .netbone 

Olive trees .la. 3 100 300 on several hootoros. 

19 Oil cv tilo factory 2000 I rop 3 50 150 This factory is gradually closing out its oli 

Olive residue demooo 
Machinery damages 

Il.a(Clay 3pits)demand 50 150 oil and soap business because offor its products. Clay is "mained, 
from pits for making bricks and tile, and 
each flood deposits a now layer of clay in th 
pits. If the floods are stopped, this plant 
will exhaust its reserve of clay in a few 
years. 

40 & 43 Olive trees. D nofits only here  irrigation & clay swdi, 

106 Citrus and olive trees Ia. 10 Yew slight ' ' b. 10 20 200 

iss.About 10An n 
around thi 

of 
far 

dites e 
thougl 

l 
admit' 

ss, Wi% sail amount of annual crops. Dks 
floodwater from the south, were vwry effective 

3Tsh Hgj 
Bruise Genni 
(caes) 

Annual crops 

in diminist ing its velo b; 
the layer of clay sediast. Grs 
ion of the flood sons, ile ha 
cere consi orable. In ths ins 
of gross binsfits - on1 not 

aA. 3.5 Thi figure is ar exact qIhimself,a $ayedGanai estimate 
ihfigation system, at 7 300. Aft 

ore, no sand came in with the floodwaters, ot 
datr ges were exceptionally slight for this soct 
its from flood irrigation and fertile sediment 
aeno v.lus is assigned to either gross damages 
its are stated. 

to of thi damage estimate made by the farm owe 
is losses to annual crops and damages to his 
r the flood, he built a dike on the S and W 

sides of 1 s farm (capalle of wit istanding pressure of a flood depth of perhaps
.25 meter ) at a cost tf& 50. his expense is included In the damage figure. 

trrn aI~ssXsuXans I 23,a6sRecapitulations 
TO T A G R O S S . =l F T S 10, 3 60 

For the arpases ofArea of Not benefit -. 103 ie.. the For st muposes ofth 
Area of minor damage- 59 H. economic analysis, I his se io analysi,

Area of heavy damage.- figure i adjusted I 0s 

this
 
120 k. fu is adjus to, & 9,000 

Totatfloads eea 2 Us..-2 TOTAL a GS DAAGuam 'L 
1 I 



STAT2RENT CONCERNING TIE GROUNDWI'PiR 

Ri-.CALOGE ASPECT OF WADI MEGENIN MLOODS 

,y Dr. Cederstrom, Groundwater Geologist 

In consideration of the over-all flood area problsm, I think 

something along the following line should be included. 

From the point of vlow of groundwater hydrology, it is simply 

fantastic that efforts are made to divert flood water of the Wadi 

Miegoning or of any wadi, directly to the sea Libya is a country 

whose economy is entirely dependent upon, and will progress only to 

the extent of its avail able water supply0 The wator supply is 

essentially limited and the wasto of any water falling on the ground 

is, by definition9 extremely bad0 Any plan dealing with water falling 

upon the ground in Libya must provide for the retention of that wato 

upon the land and its use one -ay or another. Intelligent thinking 

does not permit any altornative plan. 

The March, 1956 flood was in the nature of 3 million cubic meters 

of which about ano-..half was discharged to the so and irretrievably 

lost One-half of this wwtor reached tho flood area and of this amount 

a very little was lost by evaporation and transpiration; Lhe romainder 

was direciy added to the groundwater reservoir. Considering the open 

tecture of the fine sand soil, in which there is a low proportion 

of clay, I would estirate thut about two-thirds of the water that 

flowed onto the laud percolated downward to the point of saturation 

and became availablo to wlls0 

The total flow of the March flood, which was not a lLrge one 

as floods here go, was about 3 million cubic meters or 790 million 

gallons. This amoulnt of water is sufficient to 6uppoyt the demands of 

a modern city of 20,OuD inhabitantz for one year. Not more than one

third of the total flow may have reached the g-roundwatcr reservoir 

and it is to be deplored that all the flow was nob given the opporx

tunity to sink into the ground -

The demands for groundwater ianediately to the south of Tripoli 

are large and consistento The city of Tripoli obtains its water supply 

from wells and in the flood urea there are litodaly thousands of 

privatoly owned shallow wlls drawing greater or lesser amounts of w-ator 

throughout the year. It requires no stretch of the imaginatioi to 

visualize a shortage of water as evidencod by inoreasing lifts to the 

surfacem noi ls -the possibility of salt water intrusion due to in

sufP icient inflowr from the south a remote danger, 

./.,, Ye live 



- - -2-~ 

we live not only for the prosent but must make plans for 

the future. The present ivaber supply system is not a stable 

situation that is going to last forever. Needs are c6nstantly 

incroasing ands since the amount of water addod to the round each 

year is limited, the demands for water can grow only up to that 

amount, considering the long-range point of view. Thereforop it is 

imporativo that evury reasonaOble ad oven unroasonable effort be 

made to save every drop of water that falls upon the ground, whether 

it be from the Wadi aLgonin or elsowhore. 
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