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Abstract:
The Darbandikhan Dam reservoir in NE Iraq is located on soft sedimentary rocks which sporadi-
cally were affected by erosion. The basement rocks include sandstone, siltstone, and claystone,
and mineralogically comprise quartz, and feldspar with some lithic fragments that are distributed
in a soft matrix. The scanning electron microscope (SEM) images show sheet layers with clay
structures for the matrix which is confirm by Semi-quantitative analyses of the EDAX data. The
results demonstrate that samples categorize as dispersive soil based on the crumb test (ASTM
D 6572–21). The Crumb tests were done in six hours, and the short duration can be considered
as a defect. In this research the test time was extended and the behavior of the samples was
investigated up to 7 days in intervals of two minutes, one hour, 6, 24, 72 hours, and 7 days. The
results indicated that some samples which didn’t show any sign of dispersion in standard duration
underwent some kind of egg-shaped erosion after 72 hours, which completely were separated in 7
days, so it would perhaps be better to make modifications to the crumb test. Correspondingly, the
Sodium Absorption Ratio (SAR) and Exchangeable Sodium Percentage (ESP) results of soft grain
units demonstrated that these units are mainly dispersive.
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1. Introduction

Appropriate geological conditions are favorable everywhere,
especially where associated with water flow; however, ac-
cess to optimal conditions is not always possible. Where
geological formation is poor and erodible, unstable, dense
valleys and rough morphology may be formed, which is
known as badland, a common landscape in soft, clay-rich
sedimentary rocks in arid to semi-arid areas. Besides ge-
ological characteristics, these areas are sensitive to envi-
ronmental changes arising from dense drainage systems
and sharp slopes in barren areas (Yang et al., 2019). In an
erodible geological unit, erosion may occur in both physi-
cal and chemical forms; in the physical type, the adhesive
matrix is leached away between the grains, and the grains

are separated. In chemical erosion, which takes place in
dispersive soils, the chemical composition is the main cause
of erosion; when it is in contact with water, the phenomenon
is activated, and the particles are chemically dissolved or
dispersed (Rahimi and Abbasi, 2019). Dispersive soils are
always considered as causing various problems. Dispersion
is a physico-chemical phenomenon that is primarily influ-
enced by the sort of soil minerals and chemical properties
of the soil pore liquid (Yong and Warkentin, 1996), and
dispersive soils can be found in different types of climate in
various areas in Australia, Brazil, Iran, New Zealand, United
States (Sherard et al., 1976), Iraq, and numerous other na-
tions. This issue has long been of interest to researchers,
as the adverse effects of these soils on engineering projects
were first raised by Folk in 1937. Dispersion (chemical type)
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occurs due to the high percentage of sodium in the soil, and
studies demonstrate that the presence of different anions
affects the rate of dispersion besides the presence of sodium
(Abbasi, 2011). These types of soil have been considered
by researchers, so the dispersive mechanism has been de-
tailed by different analysts such as Sherard et al. (1976)
and Heinzen and Arulanandan (1977), and Holmgren and
Flanagan (1977). It is important to identify these soils in
order to be aware of their behavior with respect to structures,
so numerous slopes and instances of soil dam breakage and
foundation and pavement fracture have been observed in
these sorts of soil (Indraratna et al., 1991). Water mov-
ing through the cracks picks up dispersive clay particles,
with the rate of removal rising as leakage speed increases
(Mitchell and Soga, 1993).
Some researchers have studied the properties of problem-
atic soils, methods for their identification, and solutions for
their treatment (Wan and Fell, 2004; Ouhadi and Goodarzi,
2006; Umesha et al., 2009; Umesh et al., 2011; Abbasi and
Nazifi, 2013; Sayehvand and Dehghani, 2014; Abbasi et al.,
2017; Singh et al., 2018). Some have proposed optimum
additive materials such as lime, cement, and natural zeolite
for stabilization (Goodarzi and Salimi, 2015; Savaş, 2016).
Identification of erodible soils is crucial when they are in
contact with hydraulic structures whether as a borrow mate-
rial, as a foundation, or as reservoir slopes that cause plenty
of sediments and can occupy the useful reservoir volume.
Fine grain soils have complex behavior and also have variety
of application, hence, various studies have been conducted
in different fields for them (Dutt et al., 2016; Kumar et al.,
2022).
The main goal of this paper is investigation of the reason of

erodibility of the geological units in the Darbandikhan Dam
reservoir regarding to physical and geochemical properties
of units.

Study area
Darbandikhan Dam, in the southeast of Iraqi Kurdistan, is
located in the High Folded Zone of the outer platform of
Arabian Plate. The soft geological units have led to erodible
behavior in the reservoir (Sissakian and Fouad, 2014). The
northern parts of the region are covered by badlands, which
are comprised of various steep-sided valleys and canyons.
Cyclic deposits of weak sandstone, siltstone, red claystone
and gypsum of Fatha formations are observed in the area
(Mio2) (Fig. 1).
Weak layers have generated tight, steep valleys, and erosion
can be observed in fine and coarse grain layers. As can be
seen, coarse grains are more resistant to erosion, so different
erosion has given a jagged appearance to the walls of the
valleys (Fig. 2).
Although the units within the range are basically not resis-
tant to erosion, the formation of badland with a high degree
of density indicates unusual conditions, so the explanation
should be sought in the geochemical characteristics of the
units. Moreover, the morphological evidence shows that
erosion is greater in some areas, an issue that is focused on
in this research (Fig. 3).

2. Method
Site visits and field studies showed that the geological units
in the area had been replicated periodically so sampling was
performed from different points to identify the geological
and geochemical characteristics. Fig. 4 shows the geological

Figure 1. Geological map and stratigraphic column of the study area (Sissakian and Fouad, 2014).
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a b 

Figure 2. (a) a view of steep an narrow valley in area which include of cyclic fine and coarse deposits, (b) a close view of
the layers.

maps and the location of the sampling.
After field investigations and observation of erosion of the
geological units, tests of physical properties such as dry and
saturated specific gravity, water absorption and porosity,
preparation of thin sections of samples for petrography and
matrix condition were performed. Also, SEM images and
EDAX analysis were used to check the mineralogy of the
matrix. In addition, double hydrometric and crumb test was
performed to check the tendency of fine grains to dispersion,
and the SAR and ESP tests were performed to check the
chemical status of the soft grain units.

3. Result and discussion
Sandstones are usually well resistant to erosion, and do not
erode easily against weak currents unless there is a problem
with lithology and the matrix. In this area, sandstone layers
form an important part of the units, and exhibit significant
erodibility, which is partially separated from the beds and
eroded in part and, in some cases, in blocks. In order to

specify how and to what extent the grains are connected
and also what kind of matrix is composed, a number of thin
sections were prepared (Fig. 5).
Thin section studies indicate the presence of empty spaces
and lack of matrix development and the matrix is generally
made of clay (Fig. 7) according to the results obtained by
SEM images (Fig. 6) and Energy-Dispersive X-ray spec-
troscopy (EDAX) analysis.
The sheet domain that can be observed in Fig. 6 suggests
that the clay mineral and other particles in the matrix may
be carbonate. According to the analytical diagram of matrix
composition (Fig. 7), Si and Ca exhibit the highest amounts,
and the presence of other elements such as Al, Mg, and Fe
indicates the availability of clay minerals in the composi-
tion.
The results of the physical properties tests demonstrated
that fine particles exhibit a great tendency to absorb water
compared to coarse particles, which causes them to loosen
and eventually spread in water. The test results are shown

Figure 3. Satellite image shows closer, indented contour that indicates valleys with steep slopes in the northern part of the
reservoir.

2008-8779[https://dx.doi.org/10.57647/j.ijes.2024.1602.12]

https://dx.doi.org/10.57647/j.ijes.2024.1602.12


4/8 IJES 16(2024)-162412 Fathollahy et al.

Figure 4. Geological map of the study area along one profile; U1 and U2 are layers of same cyclic deposits, so that each
layer is separated from the other by repeating the cycle.

in Fig. 8.
The distance between saturated and dry unit weight density
is different in different groups, where the lowest value is
observed in group 1, and the highest can be seen in group
3. The larger distances indicate the ability and tendency of
the samples to absorb water. According to this trend, it can
be predicted that the samples in group 3 involve the finest
grains and exhibits the highest potential for erosion.
There are various ways to specify the tendency of soil ma-
terials to disperse in water, one of the fastest of which can
be implemented in the field and in the laboratory using the
crumb test (ASTM D 6572 – 21 “Standard Test Methods for
Determining Dispersive Characteristics of Clayey Soils by
the Crumb Test”). Thus, the test is performed on a natural
or remold sample with a size or diameter of about 15 mm,
where the sample is placed under natural moisture or simply
dried in air. Dispersivity is evaluated by the manner and in-
tensity of the reaction of the sample to water in 2 minutes, 1
hour, and 6 hours. On that basis, the soil dispersion potential
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Figure 5. Petrography (quartz, feldspar, lithic) and grain
structure in coarse grain units (yellow ovals = pore spaces).

is evaluated in four categories: non-dispersive, moderately
dispersive, dispersive, and highly dispersive. For evalua-
tion of dispersivity, natural samples were selected, and the
crumb test was performed thereon. Fig. 9 shows the steps
of the test for one sample.
The results indicate that the fine-grained samples exhibit
dispersivity, and are categorized as moderately dispersive
to dispersive.
A number of samples with greater hardness fissured and
cracked as their placement in water was prolonged, although
no reaction was observed in the water during the time spec-
ified in the crumb test standard, and the samples were com-
pletely torn apart finally, after 7 days, as a kind of egg-shell

Figure 6. SEM image of the matrix in coarse grain samples,
indicating the sheet clay mineral.
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Figure 7. EDAX analytical diagram in the grain specimen matrix.

erosion was created therein (Fig. 10).
Due to the long period of wet days in the region (longer
than the time predicted for the crumb test in the (ASTM
D 6572 – 21 standard) part of the erosion can occur as
egg-shell erosion, which has not been considered in the
crumb test; in such cases, the one-week immersion of the
samples in water had better be extended to enable verifica-
tion of their potential for disintegration and erosion. On
that basis, a supplementary test can be carried out on the
samples. This method is highly appropriate for evaluation
of the erodibility of areas with cohesive fine-grained soil
and poor fine-grained sedimentary layers. Therefore, it is
suggested that an intact sample with dimensions of 5 cm
be placed in 500 cm3 of distilled water at lab temperature,
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Figure 8. Saturated and dry unit weight density (γsat and γd)
of the samples; according to the current trend, four groups
1, 2, 3, and 4 can be distinguished, which exhibit different
behaviors in terms of water absorption.

with observations recorded in time intervals of 24 hours, 72
hours, and 7 days, and the potential of erosion can then be
expressed as described in Table. 1.
Although the use of the Crumb test is a simple way to eval-
uate the potential for dispersion, but the studies conducted
in this research showed that the short time of the stan-
dard method is considered as a shortcoming and therefore a
longer test time is required.
There are many other ways to specify dispersion, and the
double hydrometer test (ASTM D 7928-21 “Standard Test
Method for Particle-Size Distribution (Gradation) of Fine-
Grained Soils Using the Sedimentation (Hydrometer) Analy-
sis) is a common one. In this test, the dispersion potential is
analyzed in presence and absence of the dispersant material.
If the similarity of the results is greater than a certain value,
the soil is said to be dispersive. In this method, the amount
of soil dispersion is specified based on the dispersion per-
centage (PD) (Eq. 1).

PD=
% of particles < 5 mic.in the 2nd test (without dispersant)

% of particles < 5 mic.in the 1st test (with dispersant) ×100

(1)

a b c d 

Figure 9. Steps of performing the crumb test; a: Before
contact with water, b: 2 minutes after immersion in water, c:
1 hour after immersion in water, d: 6 hours after immersion
in water.

Table 1. Evaluation of erosion potential over the time.

Time 24 hours 72 hours 7 days Description
Crack formation No No No No Erodible

No No Yes Low Erodible
No Yes Yes Erodible
Yes Yes Yes High Erodible
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a: 2 minutes b: 1 hours c: 6 hours d: 24 hours 

e: 72 hours f : 7 days 

Figure 10. The steps of formation of egg-shell erosion during 7 days; a: 2 minutes after immersion in water, b: 1 hour
thereafter, c: 6 hours thereafter, d: 24 hours thereafter, e: 72 hours thereafter, f: 7 days thereafter.

If the dispersion percentage is less than 15, the soil is non-
dispersed, and if it is between 15 and 30, 30 and 50, or
50 and 75 or greater than 75, the soil is referred to as
slightly dispersive, dispersive, very dispersive, and com-
pletely dispersive (IRCOLD, 1996). The tests performed on
the samples indicated that the fine-grained ones exhibited
dispersion behavior (Fig. 11).
The dispersion may have geochemical reasons, where ions

with large ionic radiuses such as sodium are attracted to the
surfaces of clay minerals, increasing the distance between
the plates and consequently decreasing the attraction of min-
erals, which enables water molecules to enter easily and the
minerals to float in the water.
For examination of the statuses of ions absorbed by clay
minerals, a number of criteria were used to verify the disper-
sion potential, including SAR (Sodium Absorption Ratio)

a: PD = 33 b: PD = 20 

c: PD = 25 d: PD = 13 

Figure 11. Double hydrometer test results for a number of samples; a: Dispersive, b & c: Slightly dispersive, d: Non-
dispersive.
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Table 2. Descriptive statistics results of the geochemical analysis.

Parameter Number Minimum Maximum Mean Std. Deviation
Na (mil eq. /Lit) 21 27 70 54.10 12.361
Ca (mil eq. /Lit) 21 6 23 13.43 4.308
Mg (mil eq. /Lit) 21 1 9 4.23 2.604

SAR 21 8 30 18.90 5.466
ESP 21 18 60 38.65 10.646

Valid N 21

(Eq. 2) and ESP (Exchangeable Sodium Percent) (Eq. 3),
which is the ratio of the total amount of exchangeable
sodium ions to the cation exchange capacity of the soil
(CEC).

SAR =
Na√
Ca+Mg

2

(2)

where Na is the concentration of sodium, Ca is the con-
centration of calcium, and Mg is the concentration of mag-
nesium in mEq/L. In general, soil resistance to erosion
increases as solute concentration rises and SAR decreases,
and erosion resistance decreases as SAR increases.

ESP =
Na

CEC
×100 (3)

In this formula, CEC is the cation exchange capacity of the
soil, and Na is the amount of exchangeable sodium in milli
equivalents per 100 gram of dry soil. If the ESP of the soil
is larger than 10, it is considered dispersive, and it is semi-
dispersive if ESP is between 7 and 10 and non-dispersive if
ESP is less than 7 (Rahimi and Abbasi, 2019). Moreover,
ESP can be obtained from the following relationship (which
was used in this research).

ESP = (SAR×1.95)+1.8 (4)

Dispersion is shown for the samples according to the chem-
ical analysis using ASR and ESP (Table. 2).

4. Conclusion
Erosion of soils and loose rock units is strongly influenced
by their geological characteristics, and badlands can be
formed if erosion spreads. The geological units in the study
area are highly prone to erosion, so narrow, dense, steep
valleys can be observed therein. These units are composed
of intervals of fine- and coarse-grained sediments.
The thin sections, SEM images, and EDAX analysis
demonstrated that the matrix of the coarse-grained units is
incomplete, and is mostly of the clay type that has loosened
the units and eroded the coarse ones.
The results of the crumb test indicated that the samples
mainly exhibit the potential for dispersion; the significant
point that has not been taken into account in the existing
standards is the duration of the crumb test. In this research,
it was found that the samples that remain healthy during
the standard time in the Crumb test, exhibit egg-shaped
shell erosion as the test time is extended for a week, as
introduced in the present study. This type of unknown

erosion plays a significant role in the erosion of the region.
Since the similar regions such as study area are charac-
terized by wet periods of more than one week during the
year, the Standard crumb test which is ended in 6 hour
is not an appropriate way to evaluation of dispersion and
erodibilty; so it is suggested that the erosion potential be
considered for seven or more days. This can be realized
through modification of the crumb test and its extension to
7 days.
The results of the implementation of the SAR and ESP
chemical methods demonstrated that fine grain samples
exhibit the potential of dispersion, and are categorized as
dispersive based on the existing classifications.
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