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ABSTRACT
Uranium mintag and milling tailings are U-depleted but contain ^Th and Ra.
These low-level radioactive wastes are disposed of in the near surface environment.

Hydrogeoiog'cally, suitable sites for disposal of these wastes should be
characterized by: 1) deep water-level, 2) minimal precipltaion, 3) minimal exposure
to flooding and 4) circular-shaped basins.

AI-Missikat-AI-Aradiya District with fssture potential of U-mining and milling
operations, a geomorphologic analysis Jed to the selection of four sites (subbasins)
having the geomorphotogic characteristics: 1) elongation and circularity ratio = 1,
2) high track drainage density (limited infiltration), 3) high stream frequency (deep
water-table) and 4) moderate to low bifurcation ratio. These sites are further
characterized geologically and structurally.

Key Word's: Uranium mining / Milling tailings / Waste disposal / Geomorphologic
analysis / Hydrogeohgy.

INTRODUCTION

Uranium mining and milling is that part of the nuclear fuel cycle that creates large amounts of
radioactive wastes. These industeriai tailings represent a unique type of radioactive waste. These
tailings are earth materials containing radlonuclides naturally present in the Earth crust that have
been brought to the surface, and subsequently exposed to the action of surficial geologic processes.
Therefore, these racionuclides constitute a source of technologically enhanced natural radiation
exposure to the surrounding population (l).

The long-lived components of the U-decay chain and hence of environmental concern are 238U,
^ U , ^''Th, m Ra and 2I° Pb. About 90-95% of the uranium in the ore is extracted in the milling
process, while most of the uranium daughter products comprising 85% of the total radioactivity ir.
the ore, remain with the tailings constituting a low-level radioactive waste material. These wastes
are considered sources of potential human radiation exposure. Radon emanation from such piles,
will persist for a period governed by the decay of 230Th (tt/2 = 77,000 y) which decays to 236 Ra (tin =
1620 y) the parent of Rn. Also, leaching of the tailings by surface waters should be considered as
the potential result of long-term erosional processes.

In general, the environmental factors that may influence the infilteration and migration of
radionuclides and other toxic elements through the soil and subsurface materials, include the
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permeability, sorptive properties of the soil and rock underlying the disposal zone, and the pH, Eh,
ionic strength and composition of the groundwater.

In order to avoid environmental impacts, waste disposal management of U-mining and milling
tailings is needed. The repository design and associated waste-burial procedures need to be
compatible with the geologic and hydrologic setting of the selected sites. The objective of the
present study is to geohydrologically characterize sites near the uranium occurrences at Gabal Al
Missikat and Gabal Al Aradiya areas in the Eastern Desert of Egypt which are undergoing
evaluation and development, that are suitable for the safe burial and isolation of the future uranium
mining and milling tailings and their component radionuclides from the biosphere.

LOCATION AND TOPOGRAPHY
From the geohydrologic point of view, the two U-occurrences of Al Missikat and Al Aradiya

areas are located within a vast catchment area in the Central Eastern Desert. The catchment area is
located between the water divide of the Red Sea Hills to the east and the Nile Valley at Qena to the
west. It is bounded by latitudes 26° 15' and 26° 40' N, and longitudes 33° 00'and 33° 30'E,
covering an area of about 1720 km2. Fig. (1). The catchment area is part of the Egyptian deserts that
are included among the Low Latitude Deserts. These are located below the high-pressure belts of
descending air as well as in the path of the trade winds moving equator-ward. Permanent streams are
absent from these deserts because of the small annual rainfall (=2mm/y) in the form of brief high-
intensity storms.

The runoff from the hilly areas is almost total and the loss by evapotranspiration is high,
however, there is little recharge of groundwater. Topographically, the eastern parts of the catchment
area is characterized by high rugged mountain chains comprising Precambrian igneous and
metamorphic rocks reaching heights sometimes more than 1000 m above sea level, e.g. Gabal Rei Al
Garra. The western parts comprise a simple sedimentary plateau. The highest elevations in the east
cause the drainage lines to discharge the runoff towards the Nile Valley to the west.

Owing to the scarcity of water points in this large catchment area, this study depended mainly
on using geomorphological analysis and determination of the geomorphologic parameters that affect
and control the hydrogeologic system of the investigated catchment area and its groundwater
potential.

GEOLOGY
Much hydrogeologic information can be obtained from the geologic map of the catchment area

(Fig. 1), which shows the distribution of the unconsolidated and consolidated geologic materials.
Unconsolidated deposits consists of loose sediments. If the material is clean sand or gravel, it can
transmit, store and release water effectively because of the interconnected pore spaces. On the other
hand clay has poor hydraulic conductivity, it can store large amounts of water but will not release it
to wells. Therefore, it has poor storativity.

A consolidated rock such as slate or granite lacks the interconnected pore spaces needed to
transmit, store and release water. Such materials ordinarily constitute poor groundwater terrain. If
the rocks are extensively cracked, however their transmission properties may be improved greatly.
However, the storage properties of the fractured rocks are rarely good, unless they are connected to
a lake, river or any other source of stored water.

The eastern mountainous parts cover about 60% of the surface of the catchment area
comprising a complex of igneous and metamorphic rocks of upper Proterozoic age. The
metamorphic rocks comprise metasediments and metavolcanics. The metasediments (ophiolitic
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melange) are represented by a thick succession of fine grained rocks of flysch characteristics, mainly
of pelitic to psammopelitic and greywacke to subgreywacke sediments that are highly tectonized but
slightly metamorphosed in the lower green schist facies (2"4>. The metavolcanics comprise an
elongated belt trending NNW. The rocks are composed of metabasalts, metaspillites and meta-
andesites with their associated metapy roc lasts. These rocks are dissected by intense quartz-feldspar
porphyry dyke swarms(5).

The igneous rocks comprise metagabbro-metadiorite complex, older granitoids, younger
gabbros and younger granites. The metagabbro-metadiorite complex is exposed in a limited area,
southwest of Gabal Maghrabia(5)' .The older granitoids are observed cutting the metavolcanics and
associated with them in the NNW trending belt. They range in composition from quartz-diorite to
granodiorite. The younger gabbros are exposed in pluton size intruding the metavolcanics which are
somtimes carried as roof-pendants. They are dissected by the younger granites. The younger gabbros
exhibit chilled margins along the contacts and send offshoots and dykes into the metavolcanics and
older granitoids. They are medium to coarse grained, mesocratic to leucocratic and exhibit rhythmic
layering somtimes. The younger granites cover major parts of the catchment area forming the
highlands and conspicuous peaks of the watershed zone. They intrude all other igneous and
metamorphic rock units. They are whitish to pale pinkish in colour, coarse grained and leucocratic.

Within the igneous-metamorphic complex and filling structural intermountain basins, a widely
distributed molasse-type sediments called Hammamat sediments are exposed. They are generally
formed of metamorphosed sediments consisting essentially of arenites with subordinate greywackes.

The western sedimentary plateau comprises coarse grained Nubian Sandstone series. The strata
commonly show cross-bedding and lateral variation in thickness and lithology.

All the drainage courses either within the highlands or the plateau lands are filled by alluvial or
proluvial loams, muds, pebbles and sands deposited during the strong rainy storms.

The main structural features in the studied catchment area are represented by faulting, jointing,
folding as well as foliation and schistosity exhibited by metamorphic rocks. Joints are very common
in the studied area where they are formed in all types of rocks. However, the younger granites show
well developed joint systems. The major faults traversing the various rock formations in.thg studied
area, are trending in a decreasing order of their predominance ENE, N-S, NNE, and NNW directions
(Fig.l). Folding in the basement complex is mainly represented by minor scale folds due to regional
deformation. Ahmed (6)l. demonstrated that there are four main trends of folding developed in the
metamorphic rocks of Al Missikat-Al Aradiya area. These are N-S, E-W, NW and NE fold systems
belonging to four consecutive stress fields.

GEOMORPHOLOGY
Land forms

In the studied area the mountain fronts have receded by weathering and erosion leaving behind
smooth rock surfaces known as pediments. There is no completely mountain encircled basins
known as bolsoms, but instead near the mouths of mountain valleys openings into lowland plains,
alluvial fans are common. The alluvial fans built from adjacent valleys may join together to form
undulating sloping plains. Still further from the mountains beyond the periphery of their alluvial
fans, there is generally a smooth alluvial plain. The bottom of the broad vallies (4* and higher
orders) represent regions of flood plains. These desert flood plains are quiet different from flood
plains elsewhere (e.g. the Nile Basin) because of the difference in their relation to the water-table. In
these terrain the water-table is deeper in such dry regions. The table land or sandstone plateau forms
greatly undulating plains which sometimes have bad land topography.
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The catchment area comprises three major hydrographic basins or systems. Wadi Al Markh
basin comprises the drainage lines to the north of Qena-Safaga highway. Wadi Hammama basin
comprises the drainage lines to the south of Qena-Safaga highway. Wadi Al Qreyia basin represent
the flood plain where Wadi Al Markh and Wadi Hammama discharge their runoffs westwards to the
Nile Basin (Fig. 1).

Geomorphologic Analysis

Stream order (U)

The first step in drainage basin analysis is the designation of stream orders. In this work the
system introduced by Horton (7) and slightly modified by Strahler(S) will be followed.

Using the channel-network map including all intermittent and permanent flow lines located in
clearly defined valleys, the smallest fingertip tributaries are designated order 1. When two first-
order channels join, a new chnnel segment of order 2 is formed. When two channels of order 2 join,
a segment of order 3 is formed, and so fourth. The trunk stream through which all discharge of water
passes, is therefore the stream segment of the highest order, which in the studied catchment area is
the 7th order. The order of each individual stream segment will, on the average, reflect its channel
dimensions, discharge, load and contributing watershed area. Sometimes, individual segments may
be much longer or shorter than the average because there may be distortions in the pattern of the
drainage network.

According to the procedure of water divide isolation for the basinal areas, the 3 major basins
were subdivided into intra-subbasins: Al Markh Basin (M) comprises 96 subbasins, Wadi
Hammama Basin (H) comprises 33 subbasins, and Wadi Al Qreyia Basin comprises 9 subbasins,
(Fig. 2).

Bifurcation ratio (Rb)

It is defined as the ratio between the number of streams of an order (Nu), and the number of
streams of the next higher order (Nu+1), as expressed by the following relation(7).

Rb = Nu/Nu+l

The bifurcation ratio for the whole basin (Rb) is equal to the average of all the calculated
bifurcation ratios, or equal to the logarithm of the inverse of slope between the relation of log Nu on
the ordinate and U on abscissa. In the studied area this ratio ranges from 2.00 to 5.00, (Fig. 3).
Generally, in areas of uniform climate, rock type and geologic history, the bifurcation ratio tends to
be constant from one order to the next, hence, a single ratio can characterize the network. However,
the bifurcation ratio commonly falls between 3 and 5 ' \

Basins (or subbasins) with low to moderate values, indicate circular-shaped basins
characterized by fast runoff and a poor possibility for downward infiltration. Basins with high
bifurcation ratios, indicate elongated basins, with slow runoff and good chance for groundwater
infiltration(7).

Stream ordering length (Lu km)

The total lengths of all stream segments of an order belonging to a defined basin in kilometers,
is denoted by Lu km. The total stream ordering length for stream segments of all orders belonging to
a defined basin in kilometes, is defined by (TLu km).
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Drainage density (D)

Drainage networks can exhibit wide range of fineness or coarseness of pattern which can be
described by a measure termed Drainage Density (D). This is computed by dividing the total length
of stream segments of all orders of a basin by its total area as expressed by the equation:

D= TLu (km)/A (km2)

Figure (3) shows the range of drainage densities from 1.25 to 3.50 encountered in the studied
area.

Several factors control drainage density. Physical properties of the bed rock or overburden into
which channels are carved is a primary control, e.g., hard massive granite or sandstone rocks exhibit
low drainage densities, because large surface area of runoff is required to produce the channel
discharge needed to erode and maintain a channel in such rocks. Also, in highly permeable rocks,
low drainage density is expected because much of the precipitation is infiltrated to the underground.
On the other hand, in impermeable rocks such as shales or clays, much of the precipitation runs off
as exhibited by the highest drainage density. Finally, the presence or absence of vegetation is a
factor.

Stream frequency (F)
It is defined as the ratio between the total number of all stream orders of a basin, and its area,

expressed by the equation,

F = TNu/Akm2

Basins with high frequency value, tend to collect more runoff water, which increases the rate of
flow and discharge out of the basin. On the other hand, basins with low stream frequency have less
possibility to collect surface runoff, and the discharge out of these basins are low (10°. In the studied
area this ratio ranges from 1.00 to 5.64, (Fig.3).

Basin shape

It is defined as the outline form of a drainage basin as it is projected upon the horizontal datum
plan of a map. Miller0 ° used a dimensionless circularity ratio (Re) defined as the ratio between the
basin area "Au" and the area of circle "Ac" having the same perimeter as the basin. Schumm(120,
used an elongation ratio "Re" defined as the ratio between the diameter of a circle having the same
area as the basin, and the maxmum basin length. An index value which is close to unity, indicates
that the basin shape is nearly circular, while a decrease in the value of that index, indicates an
increase in elongation of the basin. In the studied area the circularity ratio Rco ranges from 0.30 to
0.56 , and the elongation ratio ranges from 0.25 to 0.55 ,(Fig. 3).

SAFE DISPOSAL OF U-MINING AND MILL TAILINGS
The ideal geohydrologic setting for a low-level radioactive waste repository would be in an

environment characterized by minimal precipitation, porous media with increasing hydraulic
conductivity increasing downward, deep water table (100 m or more) and no exposure to flooding or
rapid erosion (13). In addition, the following recommendations might provide more, security against
radionuclide migration: a) selecting areas with tong groundwater flow paths to allow radionuclides
to decay, b) avoiding areas underlain by carbonate rocks, c) avoiding areas adjacent to active faults,
and d) selecting circular hydrologic basins.

Based on the previous geomorphologic analysis and the measured geomorphologic parameters,
the subbasins having the number (M67, M59, Hii and H28), (Fig. 2), represent suitable low-level
radioactive waste repository sites satisfying most of criteria outlined above. Table (1) shows their

105



geomorphological characteristics. They are characterized by approximately circular-shaped outline,
high drainage density, high stream frequency and moderate bifurcation ratio.

However, these choices are priliminary and more detailed investigations of the groundwater flow

systems should be carried out in order to clearly understand their direction and rate of flow, for
knowing where radionuclides would be transported if they migrate to the underground water.

CONCLUSIONS
The objective of the present study is to geohydrologically characterize sites near the uranium

occurrences at Gabai Al Missikat and Gabal Al Aradiya areas in the Eastern Desert of Egypt.

Based on the geomorphologic analysis and the measured geomorphologic parameters for the
catchment area, the subbasins having the numbers (M67, M59 , H, i and H2s), represent suitable low-
level radioactive waste repository sites satisfying most of criteria outlined above. These subbasins
are characterized by minimal precipitation, deep water table, and no exposure to flooding or rapid
erosion. In general, to provide more security against radionuclide migration the following criteria
should be considered: a) selecting areas with long groundwater flow paths to allow radionuclides to
decay, b) avoiding areas underlain by carbonate rocks, c) avoiding areas adjacent to active faults,
and d) selecting circular hydrologic basins.
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Table (1). Summary of the geomorphological parameters of the suggested repository sites (subbasins).

Subbasins
Number

Mw

M67

H,,

H2g

Country
Rock

Hammamat
S.

Hammamat
S.

N.S.

N.S.

Enclosing
Basin

AlMarkh

AlMarkh

Hammama

Hammama

U

1
2
3
1
2
3
4
1
2
3
4
5
1
2
3
4
5

Nu

17
5
1

52
7
2
1

70
19
4
2
1

60
12
4
2
1

Rb

3.40
5.00

7.42
3.50
2.00

3.68
4.75
2.00
2.00

5.00
3.00
2.00
2.00

logNu

1.23
0.70
0.00
1.72
0.85
0.30
0.00
1.85
1.28
0.60
0.30
0.00
1.78
1.08
0.60
0.30
0.00

Rb

4.20

4.30

3.10

3.00

Lukm

9.25
2.00
2.75

23.50
7.00
2.00
3.00

28.00
11.50
2.00
5.00
1.00

25.50
8.00
2.75
10.50
0.50

TLu

14.00

35.50

47.50

47.25

TNu

23

62

96

79

Akm2

5.00

12.25

17.25

27.25

F

4.60

5.06

5.56

2.89

D

2.80

2.89

2.75

1.73

Re

0.67

1.01

0.63

0.52

Rc

0.70

0.83

0.76

0.83
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