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Abstract: The study aims to sedimentological and geomorphological studies of the recent sediments in seven
wadis draining throughout Qena and Luxor Governorates, Upper Egypt to recognize their textural and
mineralogical composition, assess the flash flood risk zones, to define highly risk basins. Furthermore,
suggestion some precaution measures to benefit from the vast quantities of floodwater in the development of the
neighboring villages and towns.

Grain size analysis data revealed that most of the analyzed sediments in the investigated wadis are poorly
sorted and composed of gravely sand and sandy gravel. The sediments were transported by rolling mode and
fall within the traction population (surface creep population) regime.

The heavy mineral assemblage has revealed that the sediments of the studied wadis were derived from both
acidic and basic igneous rocks, and metamorphic rocks, as well as from the pre-existing sedimentary rocks.

The structural lineament and the drainage lineament maps of the studied wadis deduced that most of the
drainage lines are structurally controlled. The study has revealed that the area was located within the Egyptian
hyper-arid zone. According to the morphometric parameters, the study area is occasionally subjected to heavy
showers, commonly followed by floods of substantial magnitudes. Such torrential floods are sporadic,
unpredictable and usually of short-lived, high velocity and sharp peak discharges that may cause devastating
impacts on roads, farmlands and settlements. According to the estimated degrees of hazards, the studied basins
and sub-basins were classified into five areas. Extremely highly hazardous, highly hazardous, moderately
hazardous, slightly hazardous and weakly hazardous. The main roads, cultivated lands, urban areas and
development projects in the study area are virtually under threat of flash floods that occur in the courses of the
main wadis, especially in the absence of hazard awareness and precautions. To reduce the staggering damages
and problems caused by torrential floods the present authors recommend some solutions and applicable
measures.
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I.  Introduction

The study area lies between latitudes 25° 15° and 28° 04° N and longitudes 32° 21" and 34° 04" E
(Figure no 1). It is located on the eastern side of the River Nile and includes seven wadis. All the wadis are
draining throughout villages and towns of Qena and Luxor Governorates. These wadis cover thousands of
square kilometers and have extensive areas of flat lands with low relief covered by recent stream sediments. The
lands of the wadis are favorable for the agriculture, establishing new cities and new industrial communities. On
the other hand, many villages that lying at the downstream areas of these wadis were threatened by the frequent
flash flood hazards and subjected to great damages. Accordingly, the official authorities gave a great attention to
those villages to protect the habitants and houses from the hazards of flash floods. Furthermore, the authorities
gave a significant interest to the development of these regions through addition new areas favorable for
agriculture, building new cities to create a new habitation away from Qena city and building new industrial
regions to solve the problem of unemployment.

However, seven wadis which drain their water to the villages and towns were selected for the present
study. The selected wadis from south to north are Wadi EI-Shoki, Wadi EI-Madamod, Wadi Banat Birri, Wadi
Higaza, Wadi El-Matula, Wadi Qena and W. El-Sheikh Issa (Figure no 2). One hundred and thirty nine surface
and pit samples were collected from the recent stream sediments of the studied wadis. Sedimentological,
mineralogical and geomorphological studies were carried out on the collected samples.

Geology of the study area: Geology of the southern part of the study area that extends from Wadi EI-Shoki to
Wadi El-Matula was compiled after ™ . The basement rocks of granites, diorites, granodiorites, gabbros,
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serpentinites, schists and gneisses cover the upstream region in the eastern Desert. To the westward direction,
Nubia sandstone unconformably overlies the basement rocks with progressively increasing thickness. Nubia
sandstone thickness was recorded 200 m. by ©! in Wadi El-Mishash (sub-basin of Wadi El-Matula). A great
thickness reaches about 700 m. of Upper Cretaceous-Lower Tertiary rocks composed of alternation of
limestones, shales, marls, clays and gypseous marl unconformably overly the Nubia sandstone. Quaternary
deposits in the form of wadi fillings and wadi terraces cover wadi floors and the low land areas.

Figure nol: Location map of the Study Area.
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The geology of Wadi Qena; which represents the northern part of the investigated area was given
after™ ' 1 The main channel of Wadi Qena is bordered along its eastern and western sides by different
formations. The eastern side is occupied by the Red Sea Mountains, which composed mainly of igneous and
metamorphic rocks. The western side of the channel is outlined by sedimentary succession from Paleozoic to
Quaternary. Paleozoic rocks occur in the far northern parts of Wadi Qena. Jurassic rocks cover areas north
latitude 27° 10'. Nubia sandstone; which represents the basal part of the Cretaceous-Tertiary succession;
unconformably overlies basement rocks in the middle and the southern areas. Nubia sandstone unconformably
underlies Paleocene, Eocene and Pliocene rocks which forming the downstream hills and the western calcareous
plateau. On the other hand, the Quaternary sediments exist as alluvial fillings and alluvial terraces. Figure no3
shows the geological map of the study area.

Wadi Qena area was studied by many authors. The early studies were essentially of stratigraphic
interest, which include; " as quoted in ™. ™ studied the epeirogenesis and sedimentation in the area between
Safaga, Quseir and southern Wadi Qena area. ¥ studied the micropaleontological fauna of the stratigraphic
sequence in G. Abu-Had in W. Qena. ™ studied the sedimentology of the Upper Cretaceous-Lower Tertiary
rocks at Wadi Qena area. *? studied the sediments of Wadi Qena from the Paleozoic deposits up to the
Paleocene and Eocene deposits. **! classified Wadi Qena hydrographic basin into seven main sub-basins and
studied the quantitative geomorphometric analysis of the whole basin and its sub-basins. ** studied the drainage
basins and flash flood hazard in selected parts of Egypt (including Wadi Qena).

Previous Work: Many workers studied the southern part of the study area which extending from Wadi El-
Shoki to Wadi El-Matula, MEIeM 68 assified the sedimentary sequence in the central part of the
Egyptian Eastern Desert into several formations. ™89 studied the structure of the area and stated that the
region east of Qena is characterized by faults, trending NW-SE as the most dominant structural elements.
[@classified the Egyptian Central Eastern Desert into six distinct geomorphic units. ™ classified the area
between Wadi El-Matula and Wadi Abbad into three principal geomorphic units. ' made an assessment of the
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hydrographic system of the Eastern Desert. ?? used Remote Sensing (RS) and Geographic Information Systems
(GIS) methodologies to delineate groundwater potential zones in W. Qena and classified the region into six
categories of groundwater potentiality from excellent to very low. Recently ® also used Remote Sensing and
GIS techniques to make mapping of flash flood hazards at Wadi Qena basin and stated that the majority of Wadi
Qena sub-basins range from low to medium hazard degree.

Figure no 2: The studied wadis in the area of study.
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Scope of the present study:

It is evident from the aforementioned previous works that the studies of the recent stream sediments in
the area under consideration are very rare. Although they may be of economic interest as large areas of lands are
favorable for agriculture especially after increasing the development at the mouths of wadis that drain towards
the river Nile. The present study aims to carry out sedimentological and geomorphological studies of the recent
stream sediments in the selected seven wadis (Figure no 2). The present geomorphologic study is important to
assess the flash flood risk zones, distinguish the suitable land use sites, define high-risk basins and suggest flood
precautionary measures.

Il. Materials and Methods
Field Sampling: One hundred and thirty nine surface and pit samples were collected from the considered seven
wadis. Surface sediment samples were taken from the stream courses of the wadis, beginning from the upstream
towards the downstream area (Figure no 4a). On the other hand, pit sediment samples were taken from
excavated pits at downstream area of wadis. The depth of the excavated pit sediments vary from 1.0 m to
occasionally more than 3.0 m (excavated by farmers for digging wells of ground water supply (Figure no 4b).
The studied pit sediments exhibited different lithologies ranging between muddy sand, sand, gravely sand and
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sandy gravel reflecting different sedimentation cycles due to the oscillation of velocity, strength and magnitude
of the frequent torrential flash floods that occurred in the studied wadis (Figure no 4b & Figure no 5).

Figure no3: Geological map of the study area after Geological Survey (1979).
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Figure no 4: a. Shows surface sediments deposited by recent flash flood in Wadi Qena, hammer is a marker, b.
shows different cycles of sedimentation in Wadi Banat Birri excavated pit.
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Laboratory techniques:
Grain size analysis:

Mechanical analysis was carried out on hundred and thirty nine samples representing surface and pits
sediments by dry sieving method, using ASTM sieves placed at one Phi interval from -1¢0J (2mm) to 4)
[1 (63um). The average percentages of gravel, sand and mud of the analyzed samples of the studied wadis were
classified and plotted on triangular diagram, according to®*! (Figure no 6). The cumulative frequency graphs of
each sample were plotted and the values of ¢5, $16, $25, $50, $75, ¢84 and $95 were obtained. The grain-size
parameters including median, standard deviations (sorting), skewness and kurtosis were calculated, following
%lysing Grain-Size Statistics Program (GSSTAT) proposed by'®!. The average results are listed in Table no 1.

Mineralogical study:

Two size fractions, namely fine sand fraction (2¢ - 3¢) and very fine sand fraction (3¢ - 4¢)
representing sixty four samples of surface and pit sediments were selected to study the heavy mineral suites in
the sediments under consideration. The separated heavy mineral were subjected to microscopic investigation
using the transmitted polarizing light microscope. The different heavy mineral suites were identified according
to the optical properties of the heavy minerals mentioned in'?"\. Three hundred grains were counted in each slide,
using point counter to determine the percentages of opaques and different types of non-opaque heavy minerals.

Geomorphlogical study:

Landsat images of scales 1:100,000 and 1:250,000 were used to trace the drainage maps of the studied
wadis. A digital planimeter was used to measure the area of each studied drainage basin and sub-basin in (Km?).
Based on % cited in *°!, the different drainage basins were classified into different stream orders and stream
order maps were drawn for the studied drainage basins. Using the digital chartmeter, the lengths of tributaries of
individual orders, the perimeter of each drainage basin, the main stream length and the basin length of each
drainage basin were measured. The morphometric parameters; basin length, basin width, basin perimeter, basin
area, stream order, stream lengths, stream numbers, weighted mean bifurcation ratio, drainage density,
frequency, circulatory ratio, elongation ratio, shape index, sinuosity, relief ratio, ruggedness number and slope
index were calculated.

Table no 1: Average data of grain size texture, parameters and C-M values of the analyzed samples.

Graine size texture Graine Size Parameters (¢) Passega &
Wadi Sample No. of Folk & Ward (1957) Byramjee (1969)
Type Samples T sand | Mud

G'f/;’e PN M | o | sk | ke | Ke | cum) | M um)

Elshoki  |-..Surface [ 4| 4740 Jas37] 424 [ 017 [174] 047 [ 100 06L] 40438 [ 17938 |
Pit 5 37.85 42.47 | 19.68 || 2.32 | 2.68 0.36 1.30 | 0.52 || 3765.3 1286.7

El- __.Surface | S 2587 | 7223 | 1.90 || 093 | 141 | 015 | 1.05] 049 | 34350 | 9228
Madamoud Pit 6 33.98 63.19 | 2.83 0.80 | 1.18 0.36 1.77 | 058 || 3570.7 1326.5

BanatBiri |- Suace | 4 | 72326 | 6236 | 1439 | 181 [ 25| 019 | 127 [ 055 | 33125 | 6899 |
Pit 12 39.74 58.53 | 1.73 0.22 | 1.33 0.25 127 | 051 || 37735 1022.4

Higaza | Surce | 10 |"1240 8612 | 148 |[ 105 [116 ] 011 | 125053 | 34352 | 4673 |
Pit 7 29.97 60.35 | 9.68 1.00 | 1.62 0.18 1.00 | 0.49 || 3676.5 1143.9

T T 1472290 [ 7081 628 |[ 125 [155| 008 | 1.35 | 055 | 36988 | 7289 |
Pit 7 22.31 71.33 | 6.36 1.08 | 1.42 0.27 121 | 052 || 3232.6 979.3

Qena __.Surface | 38 . 1452 | 77.07 | 840 || 127 | 163 | 006 | 1.21 | 053 || 32968 | 6235 |
Pit 15 20.43 74.21 | 5.36 134 | 1.28 0.20 1.09 | 051 || 2920.9 837.2

El-Sheikh | __Surface | .- 26.49 | 6846 | 505 | 046 | 168 | 024 | 102 | 050 || 3750.24 | 1099.70 |
Issa Pit 5 33.07 56.17 | 10.76 |[ 0.72 | 1.40 0.25 1.17 | 0.56 || 3418.1 1126.3

I11. Results and Discussion
Grain size analysis:

Grain size is an important physical property of sediments and vital for our understanding of intrinsic
properties and dynamic forces that operated during deposition. Moreover, grain size parameters also help to
probe the depositional environment and energy flux of diverse agents that transported the sediments®®. From the
ternary diagram of *, it is noted that the average of surface sediments of the studied wadis are scattered in the
fields of sandy gravel, muddy sandy gravel and gravely sand, whereas most of the average of pit sediments lie
within the field of gravely sand and the rest are located in sandy gravel and gravely muddy sand.
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Following ", the average values of the surface and pit samples were plotted on C-M diagram using C
(coarser one-percentile value in micron) versus M (median value in micron) on a logarithmic scale. However, all
the analyzed surface and pit samples are falling in the rolling sediment field (Figure no 7).

Figure no 5: Shows cycles of sedimentation during different stages of flash floods as shown in excavated pit in
Wadi Banat Birri (total thickness of the excavated layers = 2.8 m).
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the transportation mechanisms by which the sediments transported. *¥! classified the log-probability cumulative
curve; according to the mode of particles transportation into three different populations namely, surface creep,
saltation and suspension. The analyzed samples of the investigated wadis, exhibited different modes of
transportation when they were plotted on [32]'s curve. Anyhow, figures no 8a & 8b show the mode of
transportation of Wadi EI-Shoki surface and pit samples as a representative of the studied wadis. It is clear that
the particles are transported by three distinguishable populations are; surface creep, saltation and suspension
populations.

Figure no 6: Nomenclature of average of the surface and pits analyzed samples, after Folk (1980).
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SG: sandy gravel (sandy conglomerate)
gS: gravely sand (conglomereratic s.s.)
gmS: gravely muddy sand
msG: muddy sandy gravel

Mineralogical study (Heavy minerals):

The study of heavy mineral suites is very useful in the following purposes: determining the source area
provenance, tracing sediment transport paths, outlining and correlating sand bodies, indicating the action of
particular hydraulic regimes and concentrating processes, locating potential economic deposits and elucidating
diagenetic processes®’. Investigation under polarizing microscope revealed the presence of opaque and non-
opaque minerals in the heavy fractions. The non-opaque minerals include amphiboles, pyroxenes, epidotes,
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mica, chlorite, zircon, tourmaline, rutile, garnet, sillimanite, andalusite, kyanite, sphene, staurolite and apatite.
According to the stability of non-opaque heavy minerals, they include unstable (amphiboles, pyroxenes and
andalusite), moderately stable (epidotes, kyanite, sillimanite and sphene), stable (mica, garnet and staurolite)
and ultrastable (zircon, tourmaline and rutile)!®. Table no 2 exhibits the percentages of opaque and non-opaque
heavy minerals of the analyzed surface and pit samples at the different wadis. Figures no 9a & 9b show the
content of non-opaque heavy minerals in the fine sand fraction. ¥ and *! classified sandstones provenance
according to their index heavy mineral suites. ** pointed out that apatite, sphene and zircon represent the acidic
igneous rocks terrain; pyroxenes and rutile represent the basic igneous rocks terrain, whereas epidotes,
staurolite, sillimanite and kyanite represent the metamorphic rocks terrain. ®°'stated that many heavy mineral
species notably the ultrastable minerals (zircon, tourmaline and rutile) are most commonly polycyclic (derived
from pre-existing sedimentary rocks). In general, it is noted, from table (2) that almost all the wadis are enriched
in the average contents of amphiboles and pyroxenes, despite both of pyroxenes and amphiboles are unstable
and more susceptible to alteration by weathering than the other types of minerals. This may attributed to the
proximity of the basement rocks to the locations of the studied wadis and/or due to the inheritance of high
content of these minerals in the clastic sedimentary rocks bordering the wadis.

However, most of the studied wadis are surrounded by sedimentary rocks, except the igneous and
metamorphic rocks that exposed at the eastern side of Wadi Qena and the upstream areas of Wadi El-Matula
(Figure no 3). Following 1, ¥ and ¥ and according to the observed heavy mineral suite in the studied
sediments, it is suggested that the sediments of the studied wadis were derived from both acidic and basic
igneous rocks, metamorphic rocks as well as the pre-existing sedimentary rocks.

Figure no 7: C-M pattern of the analyzed surface and pits averages samples of the studied wadis after Passega
and Byramjee (1969).
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Figure no 8a: Log-probability curves of analyzed surface samples in Wadi EI-Shoki; (1) Surface Creep
Population, (2) Saltation Population, (3) Suspension Population.
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Figure no 8b: Log-probability curves of analyzed pit samples in Wadi EI-Shoki (Sh);
(1) Surface Creep Population, (2) Saltation Population, (3) Suspension Population.
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Table no 2: Average of heavy minerals percentages of fine sand fraction (>3¢) and very fine sand fraction
(>4¢) of the studied surface and pit samples at different wadis.

Wadi Fraction | Sampls Tvpe 5::;;;. Am | Pv |Ep | Mi| Ch | Zr | To | Bu | Ga | 5i | An| Kv | 5p | 5t | Ap| OP | NOP
P |t | 2|44 10042310207 001001 00)10)03 00)00]102]00]06802] 198
El- pit 2 79 | 14421 |00 13| 00| 04| 08|04 |00 |00 00|00 |00 |00) 728 274
Shoki | pg [oosuteee | 2|47 53 (611348 0807 13/ 02) 08 03] 03]108]05]23p454] 346
pit 2 161 (126 54 (03| 38| 13|00 | 25|12 |22 | 06| 00| 16 |03 |00 321 475
Fg |--fufeee | 2| 19012061 51 (0L 17| 0L 2L 00)12) 03 01]00) 01103]02]452) 4.8
El- o pit 2 250 98 (20( 00| 00| 00| 00|00 13|00 |00 00|07 |00 |02 605 391
Mademoud | | _surface | |26 173142]1041 35\ 19103123 14 ) 10100/ 023407103} 348] 632
pit 2 198 | 123 | 54 2] 47|32 2| 2B 14| 00| 00| 00| 14|00 |25 448 352
g | | 2|14 136030 |04 16) 00105 ) 00 0F) 02 00] 02]06]00]|04)634] 366
Banat pit 2 133 (218 52 (00| 35|00 | 10|00 10| 00| 01| 04|08 |00 |00 322) 478
I I I |24 134037104 62) 121131 15/08) 0110040312101 12} 411] 388
pit 2 223 | 105 |38 (01| 41| 0B |03 22|16 | 00|01 2110|0011 515| 483
surfacs 2 236 | 196 63| 01| 44|01 2 2|38 21071 00(258 2|04 363 837
T I 2 |23 86 |12 [00] 2405|1008 |36 |00 [02] 07|44 00| 02] 528|477
Higaza — — ——
vEg |-oTutee | 2 |223 104052 | 06132 331061 L7 L1091 02) 01|21 041 12)465) 337
pit 2 191 66 |67 (09| 28| 77| 13|22 17 |10 |05 02| 17 |07 | 10| 436 344
T o 3_[102]1 26112109106 01104)01102)01)]00f00]05)00])04f827] 173
El- pit 3 140 23 [ 24 (0353|0902 | 10|00 18 | 00|00 00|24 |00 |00 745 253
Matula || o pg [o_gurfees | __ 3_ (2241711351101 25 2411311914 | 04)106( 0015 03| 14f 18] 482
pit 3 252 31 [ 33|03 3045|107 126 |08 |08 | 01| 00|24 |01 |15 301 49
T o 3_f101] 10118 12117 01103)03102 00]00f01111 01]07(8I3] 187
Qena pit 3 99 | 14 | 32122 1400|0409 |00 |00 |00 00| 13|00 [11)] 782] 218
Vs |--2tEe 1 3204155140107 30 17007\ 13102101 01100 16]102|18]363] 43.7
pit 3 120 | 41 [ 44 [ 06| 27|40 | L1 | 26|06 | 00|00 00| 13 |00 |23 643 357
EL P |t | 2|28 6413010304 05]01)04)26) 07 01]04]105]07|06765] 234
Shaikh pit 2 64 | 63 | 45|00 11|07 03| 12310 |07 |02 05| 10|06 |06 751| 249
Lo Mypg |oosofees | o 2| 28153 [ 48|08 55 2404 20 1103 01] 001 12] 01|12 420] 380
pit 2 295 38 | 66| 04| 43| 63| 13|25 10|06 |00 03|20 (05|05 398 602
Am = Amphiboles Py = Pyroxenes Ep = Epidotes Mi = Micas Ch = Chlorite Zr = Zircon
To = Tourmaline Ru = Rutile Ga = Garnet Si = Sillimanite An = Andalusite Ky = Kyanite
Sp = Sphene St = Staurolite Ap = Apatite OP = Opaques NOP = Nonopaques
F. S. =Fine sand V. F. S.= Very fine sand.
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Geomorphological studies:

Rainfall: Rainfall in the area under investigation is extremely rare, it is less than 4.5 mm/year. The
present study area is occasionally subjected to heavy sporadic showers as flash floods, during the period from
October to March. Along the Nile Valley, Qena station receives a relatively high precipitation about 3.94
mm/year, while towards the northwest it reaches 2.73 mm/year at Assiut station. At Luxor station, it reaches
3.43 mm/year (data collected from meteorological authority of Egypt for seventeen years (1978-1994).

Structural and drainage lineaments Analysis: The structural and drainage lineament maps of the studied
wadis (Figures no 10a, 10b) were constructed based on [37]'s map which was based on landsat images scale
1:1000,000. The dominant trends of structural lineaments of the seven wadis were determined and the drainage
network of the studied basins was traced. From the correlation between structural lineaments (Figure no 10a)
and drainage lines (Figure no 10b), it can be concluded that most of the drainage lines are mostly structurally
controlled. However, in some sectors the drainage lines are believed to be controlled by the general dip. The
difference in drainage orientation as well as structural lineaments from one sector to the other in the studied area
refers to the major structural trends controlling Egypt " and was not affected by the local geology. This feature
is obvious in Wadi Qena when changed from N-S in its northern part to NE-SW in its southern part due to the
effect of Qena-Safaga shear zone!*®.

Figure no 9: Distribution of non-opaque heavy minerals average in fine sand fraction of the studied wadis; a-
surface sediments, b- pit sediments.
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Figure no 10: a) Structural lineaments map of the studied wadis; b) Drainage lineaments map of the studied
wadis.
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Morphometric analysis: Based on Landsat images scales 1:100.000 and 1:250.000, the drainage maps were
drawn for the studied basins and sub-basins. According to *®"?! stream order maps were drawn (Figures no 11a
& 11b). The studied basins and sub-basins were quantitatively analyzed to calculate seventeen morphometric
parameters namely; basin length, basin width, basin perimeter, basin area, stream order, stream lengths, stream
numbers, bifurcation ratio, drainage density, stream frequency, circulatory ratio, elongation ratio, shape index,
sinuosity, relief ratio, ruggedness number and slope index. All the studied basins and sub-basins have
bifurcation ratio values greater than 3 reflecting well dissected and elongated drainage basins and sub-basins.
The studied drainage basins and sub-basins show drainage densities in the range of poorly drained basin .
This indicates high flood flow with small amount of groundwater contribution to the discharge!*”. According to
B39 the drainage densities of the studied drainage basins and sub-basins are less than 5, indicating that they are
most probably structural controlled. The drainage frequencies of the studied basins and sub-basins are of high
values, reflecting more possibility of runoff water without a big chance for downward infiltration due to the
rapid flow out.

Flash Flood Hazard Evaluation: An assessment of the degree of hazards due to flooding was estimated for the
studied drainage basins and sub-basins, depending on ten selected morphometric parameters which have an
influence on the flooding. Seven of these parameters, which are drainage density (D), stream frequency (F), area
(A), relief ratio (Rr), ruggedness number (Rn), shape index (Ish) and slope index (SI) are directly proportional
with the hazard. On the other hand, three parameters have an inverse relation with hazard. These parameters are
bifurcation ratio (Rb), length of overland flow (Lo) and sinuosity (Si). However, the mathematical formula of all
these parameters are listed in Table no 3. A scale for the degree of hazard has been given for the two above
groups of the studied wadis, according to the values range of the ten parameters. The scale is starting with 1
(lowest) to 5 (highest) (Tables no 4a & 4b).

Flash Flood Vulnerability: The study area is occasionally subjected to short-lived heavy showers, commonly
followed by floods of substantial magnitudes, which may cause devastating impacts on roads, farmlands and
settlements (Figures no 12, 13). Such torrential floods are sporadic, unpredictable and usually of short-lived,
high velocity and sharp peak discharges. The study area is crossed by some main roads and encompasses
cultivated lands, urban areas and development projects located at the lower reaches of the trunk wadis of the
drainage basins.
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Table no 3: Mathematical formula of morphometric parameters

Morphometric parameter Formula Reference
Stream lengths (L) Ly=Li+t L+ ....... + L, (km) [39]
Stream numbers (Ny) Ny = Ni+Nz+ . +Np, [39]
. . . Rb = N/N,+1, where Nu = total no. of stream segments of order
Bifurcation ratio (Rb) "u", Nu+1 = no. of segments of the next higher order (28]
Drainage Density (D) D =Lu/A [41]
Stream frequency (F) F=NJ/A [28]
Length of overland flow (L) L, =1/2D [28]
) Ish = 1.27 A/ BL? where A = area of the basin in km?,
Shape index (Ish) BL = length of the basin in km [42]
Ruggedness number (Ry) Rn=D*R [43]
Sinuosity (Si) Si =VL/BL [44]
Sl = Egs— Ej0/0.75 VL, where Egs = the elevation in meters of point
. at 85% of the valley length from its mouth, E; = the elevation in meters
Slope index (S1) of point at 10% of the valley length from its mouth,VL = the valley 28]
length in kilometers.
. . Rr = R / BL, where, R = the difference in elevation between the head
Relief ratio (Rr) and the mouth of the basin, BL = length of the basin. [45]

Figure no 11: Stream order map of : (a); wadi El-Matula basin and its sub-basins;
b) Wadi Qena basin and its sub-basins stream orders map.
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Many significant parts of such places are virtually threaten by flash flooding due to the absence of
hazard awareness of fluvial impacts of desert wadis during development planning. Their presence in the courses
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of the main channels of basins subject them to the flash flood vulnerability. According to the estimated degrees
of hazards, the studied basins and sub-basins were classified into five areas, as follows; 1) extremely highly
hazardous such as Wadi EI-Sheikh Issa and Wadi Um Selimat sub-basin of Wadi Qena, 2) highly hazardous as
Wadi El-Mallah sub-basin of Wadi ElI-Madamod and Wadi Qena basin, 3) moderately hazardous as Wadi El-
Madamod basin and Wadi Gurdi sub-basin of Wadi Qena. 4) slightly hazardous as Wadi EI-Shoki basin and
Wadi Quriya sub-basin of Wadi Qena. 5) weakly hazardous as Wadi Maasar sub-basin of Wadi EI-Matula and
Wadi Fatira sub-basin of Wadi Qena (Figures no 14,15, 16).

Table no 4a: Determination of the hazard degrees of the selected parameters for basins and sub-basins of wadis:
El-Shoki, EI-Madamod, Banat Birri, Higaza, El-Matula and El-Sheikh Issa.

Prameters The values of parameters and their related hazard degrees

Rb Value 6.18 - 6.85 5.50-6.18 4.82-5.50 414 -4.82 346-4.14
Hazard degree 1 2 3 4 5

D Value 0.92-1.29 1.29-1.65 1.65 - 2.02 2.02-2.38 2.38-2.75
Hazard degree 1 2 3 4 5

F Value 042-1.17 1.17-1.92 1.92-2.67 2.67-3.42 342-4.16
Hazard degree 1 2 3 4 5

Lo Value 0.47-0.54 0.40 - 0.47 0.33-0.40 0.25-0.33 0.18-0.25
Hazard degree 1 2 3 4 5

si Value 0.12-0.34 0.34 - 0.56 0.56 - 0.78 0.78 - 1.00 1.00 - 1.22
Hazard degree 1 2 3 4 5

A Value 17 - 1390 1390 - 2763 2763 - 4136 4136 -5509 | 5509 - 6882
Hazard degree 1 2 3 4 5

Rr Value 0.00 - 0.01 0.01- 0.01 0.01- 0.01 0.01- 0.01 0.01- 0.02
Hazard degree 1 2 3 4 5

Rn Value 0.07 - 0.17 0.17-0.27 0.27 - 0.36 0.36 - 0.46 0.46 - 0.56
Hazard degree 1 2 3 4 5

si Value 1.44 - 1.56 133-1.44 1.22-1.33 1.11-1.22 1.00-1.11
Hazard degree 1 2 3 4 5

Ish Value 0.15-0.33 0.33-0.51 0.51-0.69 0.69 - 0.88 0.88 - 1.06
Hazard degree 1 2 3 4 5

Table no. 4b: Determination of the hazard degrees of the selected parameters for Wadi Qena basin and its sub-

basins.
Prameters The values of parameters and their related hazard degrees

Rb Value 5.69 - 6.18 5.20 - 5.69 471-5.20 422-471 3.73-4.22
Hazard degree 1 2 3 4 5

D Value 0.48 - 0.60 0.60 - 0.71 0.71-0.83 0.83-0.94 0.94 - 1.06
Hazard degree 1 2 3 4 5

. Value 0.08-0.13 0.13-0.19 0.19-0.24 0.24-0.29 0.29 - 0.35
Hazard degree 1 2 3 4 5

Lo Value 0.92-1.03 0.81-0.92 0.70-0.81 0.58 - 0.70 0.47 - 0.58
Hazard degree 1 2 3 4 5

S| Value 0.20 - 0.43 0.43 - 0.65 0.65 - 0.87 0.87 - 1.10 1.10-1.32
Hazard degree 1 2 3 4 5

A Value 86.5-3226 | 3226-6365 | 6365-9504 | 9504 - 12643 12643 - 15782
Hazard degree 1 2 3 4 5

Rr Value 0.00-0.01 0.01-0.01 0.01-0.01 0.01- 0.02 0.02 - 0.02
Hazard degree 1 2 3 4 5

Rn Value 0.11-0.19 0.19-0.27 0.27 - 0.35 0.35-0.43 0.43-0.51
Hazard degree 1 2 3 4 5

Si Value 1.24-1.29 1.18-1.24 1.13-1.18 1.08-1.13 1.03-1.08
Hazard degree 1 2 3 4 5

<h Value 0.16 - 0.25 0.25 - 0.35 0.35-0.44 0.44 - 0.54 0.54 - 0.63
Hazard degree 1 2 3 4 5

Rb = Bifurcation ratio

D = Drainage density (km™)
F = Stream frequency (km™)
Lo = Length of overland flow (km)
Ish = Shape index

Rn = Ruggedness number

Si = Sinuosity (km)

S| = Slope index

A = Area of the basin (km?)
Rr = Relief ratio
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Figure no 12: a- Photo shows the flash flood water filling the excavated discharge channel in the downstream
of Wadi Qena near Qena town in autumn 2016; b- Photo shows the filling of the excavated discharge channel
by the sediments deposited by flash floods of Wadi Qena.

Figure no 13: a- Photo shows the collapse of the Qift-Qusseir asphaltic road (Arrows); b- damage of houses of
the farmers at wadi EI-Matula due to the effects of flash floods.

Flash Flood Mitigation: For mitigation the staggering damage and losses caused by torrential floods, it is
recommended to do the following applicable measures:
1- At the upstream portion of the studied basins and sub-basins it is recommended to erect set of artificial
barriers in a zigzag pattern across the channels from the upstream towards the downstream using the local rock
materials resulted from the disintegration of the rock masses. This will reduce the runoff velocity and allow the
replenishment of groundwater.
2- Digging artificial reservoirs at the outlets of the tributaries in the extremely highly and highly hazardous sub-
basins which store water that can be used in various purposes.
3- Digging artificial channels at the mouth of the main basins to collect the runoff water dispersed in the braided
shallow channels to drive them into artificial reservoirs.
4- Excavation of artificial reservoirs or retention cisterns which are lined with an artificial cement in the
downstream parts of the main basins that can be used for development of the adjacent areas for reclamation and
agriculture.
5- Construction of diversion dams as versatile gabions in a stacked fashion and spillway canals at the outlets of
the main channels of the extremely highly, highly and moderately hazardous basins in the western downstream
areas. This will diverts the courses of the main channels away from the nearby villages, industrial regions or
farmlands to protect the habitants from flash flood damage.
6- For protection the paved roads that lie across the channel courses of the studied basins or sub-basins, it is
recommended to make the following:

a- Increase the construction of large culverts underneath the roads or bridges instead of culverts, which are

failed to pass the great quantities of runoff through it.

b — Protect the sides of paved roads, which face the erosion by lining with suitable local rock materials.
7 — Intensive studies are recommended before erection of any new project in the downstream portions of the
study basins.
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Figure nol4 : Landuse map of Wadi El-Shoki (1), Wadi EI-Madamod (2), Wadi Banat Birri (3) and Wadi

Higaza (4).
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8 — Prevention any licenses of building without permission of the governmental authorities which are
responsible for this target to determine the suitable areas for building.

9 — Awareness of people to avoid building in the downstream areas across the channel courses of the basins.

10 — The constructed culverts and channels or canals should be examined annually to remove the eroded rock
materials, which transported by floods and deposited within culverts and channels.

IV. Conclusion and Recommendations

Grain- size analysis proved that most of the analyzed sediments in the investigated wadis lie in the
range of gravely sand and sandy gravel. The abundance of gravel in some wadis, particularly at the downstream
parts is an important factor for exploiting gravel as building materials. The analyzed samples showed that they
are restricted in the range of poorly sorted. This may be attributed to velocity changes and the
rapidsedimentation from viscous flows that incorporate fine and coarse materials during transportation. Plotting
the analyzed samples on the log-probability curves revealed the presence of three populations in the studied
wadis, namely, saltation population, suspension population and traction population (surface creep population).
Plotting the analyzed samples on C-M diagram revealed that most of the studied sediments were transported by
rolling transportation mode. This transportation mode is conformable with the log-probability results of the
studied sediments, hence most of samples are represented by the traction (surface creep) population.

The heavy mineral suite revealed that the sediments of the studied wadis were derived from the pre-
existing sedimentary rocks, both acidic and basic igneous rocks and from metamorphic rocks.

The correlation between drainage lines with structural lineaments revealed that most of the drainage
lines of the studied wadis are structurally controlled. The studied drainage basins and sub-basins show drainage
densities in the range of poorly drained basin. This indicates high flood flow and small amount of the
contribution of groundwater to the discharge. The drainage frequencies of the studied basins and sub-basins are
of high values, reflecting more possibility of runoff water but without a large chance for downward infiltration
due to the rapid flow out. According to the estimated degrees of hazards, the studied basins and sub-basins were
classified into five areas, namely extremely highly hazardous, highly hazardous, moderately hazardous, slightly
hazardous as and weakly hazardous.

The considered wadis contribute huge quantities of water and large amounts of sediments during flash
floods. Wadi Qena, Wadi El-Matula and Wadi EI-Madamod contribute the highest amounts of sediments during
flash floods due to the high strength of their flash floods. Wadi EI-Shoki, Wadi EI-Madamod, Wadi EI-Sheikh
Issa and Wadi Banat Birri contribute large amounts of coarse sediments most of them are gravel. Therefore,
their sediments could be used as building materials by establishing gravel quarries in their downstream areas,
which are valuable in the development of the nearby areas. Wadi Higaza, Wadi Qena and Wadi EI-Matula
contribute large amounts of fine sediments most of them are of sand size. Therefore, their sediments are
valuable for agriculture purposes when water will be available. Furthermore, it is noticed that, most of the
studied pit samples are of gravely sand and sandy gravel, which have high porosity and permeability.
Consequently, these sediments may give a good chance for downward infiltration into the groundwater. The
erection of artificial barriers in a zigzag pattern across the channels from the upstream towards the downstream
of the studied wadis will reduces the runoff velocity and allows the replenishment of groundwater. It is
suggested that the sediments that are frequently deposited in the flood plains of the studied wadis may be
favourable for agriculture due to their enrichment with fine sediments when the water source will be available.
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