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Due to Iran's weather conditions and lack of water resources, dam construction
projects are particularly important for the country's development and progress.
Water resources management based on system dynamics is capable of simulating
complex water resources systems. This model for the simulation of water
resources has various capabilities, such as increasing the speed of model
development, the possibility of group development of the model, effective
communication of the results, and increasing confidence in the model through
user participation. In this research, the model of the dynamic system of the
multipurpose dam of Qamshek in Hormozgan province has been simulated using
the probabilistic simulation method. The purpose of this modelling is to realize
different needs of the dam (domestic, environmental, industrial and agricultural)
before its construction and to check the quality conditions of the reservoir. The
study of the results of the quantitative modelling was done after calculating the
annual and monthly percentage of volumetric and temporal supply of different
needs and their source of supply. The results show that the volumetric supply
percentage of domestic, environmental, industrial and agricultural needs of the
dam is 95.53, 95.02, 94.18 and 93.14% respectively, and the temporal supply
percentage of domestic, environmental, industrial and agricultural needs is 95.19,
94.94, 93.67 and 92.91% respectively, which are all within the acceptable range
of the Ministry of Energy. Qualitative modelling of the dam was carried out for
the most pessimistic case with a discharge electrical conductivity of 3000 and a
base discharge of 10000 micromos/cm, on the basis of which the maximum
electrical conductivity of the reservoir was calculated to be 11900 micromos/cm.
Based on this research, it was found that by modelling based on model evaluation
indicators, including percentage of volume supply and percentage of time supply
of different needs, it is easy to quantify the effect of exploitation and management
policies on the way of determination and allocation. Observed the quality of water
resources and made the most optimal decision.

Introduction

Water is the source of human

dependent on groundwater sources in many

life and its areas due to the lack or absence of permanent

development and progress, and it plays a very
important role in preparing the land, developing
infrastructure, and maintaining, balancing and
preserving the ecosystem and the environment.
Considering the fact that in Iran we are mainly

runoff, on the other hand, the occurrence of
recent droughts has increased this dependence,
the construction of dams and meeting some
needs is very important. In the arid regions of
Iran, dams, as the largest man-made structures
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and the largest artificial lakes, are one of the
most important ways to access a large amount of
fresh water, and the positive consequences of
their construction are in various forms, including
economic, industrial, agricultural prosperity or
even development and social growth for the
people of a region or a country or in some cases
is on a wide range of several countries (Sterman,
2000). In addition, the construction of a dam
without detailed preliminary studies can have
negative effects such as failure to meet the
drinking, industrial and agricultural needs of the
region, the destruction of water quality in the
dam's reservoir, or the environmental effects
caused by the reduction or elimination of runoff
downstream of the dam. (Sheikh Khozani et al,
2011). One of the powerful management tools
that many have used in recent years to simulate
complex water resource systems is the dynamic
systems method. This method, which is a mental
model and simulation method used to study the
dynamic behavior of various complex systems in
the fields of civil engineering, water resources
and groundwater, is an object-oriented and
feedback-based method. (Sterman, 2000). In
fact, the system dynamics method pays attention
to the dynamic relationships between the
guantitative and qualitative characteristics of
water and even socio-economic issues, and the
desired system can be easily simulated without
the need for complex mathematics (Sterman,
2000).

Materials and Methods

Study area

The geographical location of the study area is 52
57 24 to 54 01 44 east longitude, 27 50 03 50 to
42 49 27 north latitude. The total area of the
study area is 3778 square kilometers, of which
1470 square kilometers are located in Mohr city
(Fars province), 2248 square kilometres in
Lamerd city (Fars province) and 60 square
kilometers in Bastak city (Hormozgan province).
The Kamshek dam site is located 3.6 km
upstream of Kamshek village (Figure 1). This
dam is actually located at the mouth of the

Mehran River in Hormozgan Province and its
catchment area is mainly in Fars Province. The
geographical location of Kamshek center is at
the coordinates of 196717 east longitude and
3000959 north latitude. In terms of climate, the
study area is one of the hot and dry areas. The
minimum height of the area is 344 meters, the
maximum height is 2159 meters and the average
height is 657 meters above sea level.

Model structure

The purpose of modelling in this research is to
create and develop a simulation model to
understand the quantitative and qualitative
behavior of reservoir dams and their dynamics,
and also to provide solutions to optimize their
use. The purpose of this study is to investigate
the way of using water resources and the
quantitative and qualitative performance of
Kamshek dam reservoir located in Hormozgan
province and the catchment area of Kal and
Mehran. The purpose of implementing the
project is to store and control the flood of the
river and transfer and distribute it for drinking,
industrial and agricultural purposes in the region.
In this research, the quantitative modelling of
Kamshek Dam was done alone and then the
gualitative model of Kamshek Dam was added
to predict the performance of the dam. Finally,
the quantitative and qualitative results of the dam
were examined and evaluated .

Based on the available information, the
discharge is available in a statistical period of 33
years (from 1366-1367 to 1400-1399), which
was used in the calculations related to the
qualitative-quantitative modelling of the water
resources of Kamshek Dam. In this research, to
determine the qualitative conditions of the
reservoir were used from the modelling of the
dynamic system of the dam reservoir as well as
the mass balance. In this way, according to the
flow chart in Figure 2, quantitative modelling of
the dam was done based on the needs of
drinking, environment, industry and agriculture
in order, and it was validated. Cause-effect loops
were then added to the quantitative modelling,
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and quantitative-qualitative modelling was
carried out based on qualitative data (total
dissolved solids (TDS)) of base flow and direct
runoff measured in the region.

A very important point in this modelling is that
according to the problem that after the initial
modelling the spill volume of the Kamshek dam
is 174 million cubic meters and the
environmental demand of the dam is 53.2
million cubic meters (average volume demand),
itis not logical to release the water needed by the
environment during the months of the year when
the spill dam has as much or more water than the
environment needs. Therefore, another cause-
effect loop was added to the dam, the general
flowchart of which is shown in Figure 3.
According to Figure 3, the model checks every
month whether the dam has an overflow or not;
if it does not have an overflow, the same basic
environmental demand calculated in Table 5 is
considered as the environmental demand of the
dam, and it should be released. If the dam has an
overflow in that month, it is checked whether
this overflow is equal to or greater than the
environmental requirement of the dam in that
month. If the spill is equal to or greater than the
environmental demand of the dam in that month,
the final environmental demand of the dam in
that month is considered as zero in the model and
the spill water is sufficient for the environment.
In other words, the overflow of the dam provides
the environmental demand of the dam. If there is
an overflow of the dam in the month in question,
but this overflow is not equal to or greater than
the initial demand of the environment in that
month, the final demand of the environment is
considered to be the difference between the
initial demand of the environment and the
overflow of the dam in that month. In fact, in this
case, part of the environmental needs of the dam
are met by the reservoir and part by the spillway.
Put simply, the aim is not to release excess water
into the environment during the months when the
dam has a high spillway.

Results and Discussion

In this research, a quantitative-qualitative
modelling of the Kameshak Dam was carried
out. The simulation of the dam was carried out
in a statistical period of 33 years and with a
monthly time step (in 396 months), the overview
of which is shown in Figure 7 in the Vensim
software. The priorities for water allocation in
the dam are 1) drinking, 2) environmental, 3)
industrial and 4) agricultural. The left part of this
figure shows the causal-impairment loops for
quantitative dam modelling (in blue color) and
the right part of the figure shows the causal-
impairment loops for qualitative dam modelling
(in red color).

Tables 4 to 7 show the monthly and annual
averages of water demand, supply and shortage
for the drinking, environmental, industrial and
agricultural uses of the reservoir. As can be seen
from Tables 4 to 7, the drinking water of the
reservoir is fully supplied in the months of
December, January, February, March and April
and there is no shortage. In the other months of
the year, there is a shortage of drinking water,
with the largest shortages occurring in July and
September, amounting to 8,000 cubic meters.
According to Table 5, in the months of
December, January, February, March and April
there was no shortage of environmental water,
and the biggest shortage was in July, which was
12,000 cubic meters. In addition, as can be seen
in this table and according to the high overflow
volume of this dam, based on modelling, it was
determined that in the months when the dam
overflows and the volume of the dam overflow
is greater than or equal to the environmental
needs, another environmental water from the
dam It should not be released and in the months
when the overflow from the dam is less than the
volume required by the environment of the
region, the difference between the overflow
volume and the environmental demand is
provided from the reservoir of the dam, and in
other months when the dam has no overflow, the
entire environmental demand is provided from
the volume of the reservoir of the dam.
Therefore, according to Table 5, in the months of
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December, January, February and March, the
reservoir of the dam contributes to the
environmental demand of the dam, and in other
months, the overflow of the dam alone provides
the environmental demand of the dam. Tables 6
and 7 show that in the months of February,
March and April there is no shortage of water
from the reservoir to meet the needs of industry
and agriculture respectively.

Figure 8 shows the monthly average percentage
of the reservoir's volume supply for drinking
water, environment, industry and agriculture. As
can be seen, in the months of January, February
and March, the reservoir is able to meet all needs
one hundred percent. In addition, the lowest
percentages of supply are drinking water in Tir
and Shahrivar, environmental water in Tir,
industrial water in Mehr, Tir and Shahrivar, and
agricultural water in Shahrivar. Therefore, July
is the most critical month for the dam in terms of
meeting drinking, environmental and industrial
needs. Figure 9 shows the average monthly
volume of environmental demand and the
volume provided for this demand by the spillway
and reservoir of the dam. As can be seen, during
the months of Mehr, Khordad and Shahrivar, all
the water required by the environment is
supplied from the reservoir of the dam, as the
dam does not have an overflow. In other months
of the year, the spillway of the dam also
contributes to meeting the needs of the
environment, the largest amount of which is
provided in the months of February and January.
The figures also show that in the months of July,
April and September the most water is taken
from the reservoir to meet environmental needs.
Figure 10 shows the monthly average volume of
outflow, overflow and storage for the whole
dam. According to this figure, the highest
amount of runoff from the dam is in February
with 8.27 million cubic meters and the lowest
amount is in June with 0.35 million cubic metres.
Also, the highest amount of supply from the dam
is in April with 0.96 million cubic meters and the
lowest amount is in March with 0.66 million
cubic meters. The monthly average spill in this

figure shows that the highest spill is in the month
of February with the amount of 4.5 million cubic
meters, and the lowest amount is in Mehr,
Khordad, Tir and Shahrivar.

Figure 11 shows the average monthly volume of
the reservoir (in million cubic meters) and its
electrical conductivity (in micromouse/cm) over
the 33-year statistical period. As can be seen, in
the months when the reservoir volume of the
dam increases, its electrical conductivity
decreases and in the months when the reservoir
volume decreases, its electrical conductivity
increases. Figure 12 shows the monthly average
of reservoir volume and dam spill in a million
cubic meters over the 33-year period. As can be
seen, the dam overflows in the months of the
year when the reservoir volume of the dam is
equal to its normal level (volume of 11.23
million cubic meters) and there is no overflow in
other months. Based on this, during the 33-year
statistical period (396 months), the dam
overflows in 80 months and there is no overflow
in the other months. Figure 13 shows the
monthly average volume and electrical
conductivity of the reservoir of the dam. As can
be seen, the reservoir has the highest volume in
the months of February, March and April, and
the reservoir has the lowest electrical
conductivity in the months of March, April and
May. Based on the qualitative simulation, the
maximum electrical conductivity of the reservoir
is 11900 micromos/cm and its minimum value is
3157 micromos/cm.

Conclusions

Kamshek dam is located 3.6 km upstream of
Kamshek village with normal volume, which is
at the entrance of Mehran river to Hormozgan
province and its catchment area is mainly in Fars
province. In terms of climate, the study area is
one of the hot and dry areas. The minimum
elevation of the area is 344 meters, the maximum
elevation is 2159 meters and the average
elevation is 657 meters above sea level. The
water requirements of the dam are 1) drinking,
2) environmental, 3) industrial and 4)
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agricultural. Due to the fact that this dam is under
construction, the actual reservoir volume
information was not available to evaluate and
validate the model, so the modelling was done
using the probabilistic simulation method. Based
on this, the volume supply rate of the dam for
drinking, environmental, industrial and
agricultural needs is 95.53%, 95.02%, 94.18%
and 93.14%, respectively, and the time supply
rate for drinking, environmental, industrial and
agricultural needs is 95.19%, 94.94%, 93.67%
and 92.91%, respectively, which are all within
the acceptable range of the Ministry of Energy
based on the Ministry of Energy's allocation
system 2. In this study, the qualitative modelling

of the reservoir of the dam was simulated by
considering the base discharge of 10000 (in the
most pessimistic case possible, due to the
presence of numerous salt domes and very high
evaporation volume) and the runoff of 3000
microms/cm.  The  maximum electrical
conductivity of the reservoir was calculated to be
11,900 microms/cm. Considering that the
underground water in the area has an average
electrical conductivity of 7000 micromos/cm
and that there is a severe water shortage in the
area, it is still economical for the industries in the
area to use dam water of this quality (in the most
pessimistic way) and to sweeten it.
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Fig. 1. Geographical location of the dam study area
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Fig. 2. General flowchart of dam modeling
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Fig. 4. Cause and effect diagram of the main part of the dam
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Fig. 5. Cause and effect diagram of meeting the needs of the dam
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Fig. 6. Cause and effect diagram of qualitative dam modeling
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Table 1. Average monthly values of evaporation from the free surface of water at the dam site in millimeters

month

Evaporation

Oct

195

Nov

124

Dec

75

Jan

60

Feb

89

Mar

128

Apr

205

May

309

Jun

373

Jul

360

Aug

332

Sep

279

Annual

2530

oS e gudie s S dw ooy Sl wilale 1Sl polie Y Jgax
Table 2. Average monthly runoff values at the Kameshk dam site in million cubic meters

month

Rounoff

Oct

0.46

Nov

1.63

Dec

6.17

Jan

6.62

Feb

8.27

Mar

3.03
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month | Rounoff
Apr 2.54
May 0.6
Jun 0.35
Jul 0.48
Aug 1.14
Sep 0.51

Annual | 31.79

Table 3. Montana method, percentage of average annual flow to maintain river conditions based on different objectives

Purpose Suggested percentage of average annual flow
Aautumn-Winter Spring-Summer
Very excellent 40 60
Excellent 30 50
Good 20 40
Fairly 10 30
Weak 10 10
Severe destruction 0-10 0-10
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Table 4. Average monthly and annual demand, supply and shortage of drinking water of the dam in million cubic

coSe e Ggebin e 1 a8 Ol dgmeS 5 el s aVle 5 ailale Sile F g

meters

Month | Average demand | Average supply | Average shortage | Standard deviation
Oct 0.092 0.081 0.01 0.007
Nov 0.092 0.086 0.006 0.004
Dec 0.092 0.092 0 0
Jan 0.092 0.092 0 0
Feb 0.092 0.092 0 0
Mar 0.092 0.092 0 0
Apr 0.092 0.092 0 0
May 0.092 0.089 0.003 0.002
Jun 0.092 0.086 0.006 0.004
Jul 0.092 0.081 0.011 0.008
Aug 0.092 0.083 0.008 0.006
Sep 0.092 0.081 0.011 0.008

Annual 1.1 1.045 0.055 0.039
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Table 5. Average monthly and annual water demand, supply and shortage of the dam environment in terms of

million cubic meters

Mont Average Average supply by Average supply Average total Average Standard
h demand reservoir by spill supply shortage deviation
Oct 0.027 0 0.025 0.025 0.002 0.002
Nov 0.217 0 0.212 0.212 0.005 0.003
Dec 0.473 0.193 0.28 0.473 0 0
Jan 0.526 0.223 0.303 0.526 0 0
Feb 0.552 2.97E-01 2.54E-01 0.552 0.00E+00 0.00E+00
Mar 0.12 0.016 0.104 0.12 0 0
Apr 0.184 0 0.184 0.184 0 0
May 5.70E-02 0 0.051 5.10E-02 0.006 0.004
Jun 0.046 0 0.042 0.042 0.004 0.003
Jul 0.121 0 0.104 0.104 0.017 0.012
Aug 0.083 0 0.076 0.076 0.007 0.005
Sep 0.123 0 0.11 0.11 0.013 0.009
Annu 2.528 0.729 1.745 2.474 0.054 0.038
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Table 6. Monthly and annual average demand, supply and shortage of industrial water of the dam in million cubic

meters

Month | Average demand | Average supply | Average shortage | Standard deviation
Oct 0.375 0.33 0.045 0.032
Nov 0.375 0.342 0.033 0.024
Dec 0.375 0.368 0.007 0.005
Jan 0.375 0.364 0.011 0.007
Feb 0.375 0.375 0 0
Mar 0.375 0.375 0 0
Apr 0.375 0.375 0 0
May 0.375 0.363 0.012 0.009
Jun 0.375 0.352 0.023 0.016
Jul 0.375 0.33 0.045 0.032
Aug 0.375 0.336 0.039 0.028
Sep 0.375 0.33 0.045 0.032

Annual 4.5 4.238 0.262 0.185
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Table 7. Monthly and annual average demand, supply and shortage of agricultural water of the dam in million

cubic meters

Month | Average demand | Average supply | Average shortage | Standard deviation
Oct 0.281 0.247 0.034 0.024
Nov 0.215 0.19 0.025 0.017
Dec 0.086 0.083 0.003 0.002
Jan 0.042 0.041 0.001 0.001
Feb 0.068 0.068 0 0
Mar 0.122 0.122 0 0
Apr 0.17 0.17 0 0
May 0.243 0.228 0.015 0.01
Jun 0.272 0.249 0.023 0.016
Jul 0.232 0.204 0.028 0.02
Aug 0.21 0.185 0.025 0.018
Sep 0.314 0.27 0.043 0.031

Annual 2.253 2.056 0.197 0.139
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Fig. 8. Monthly average percentage of volume supply of drinking, environmental, industrial and agricultural
water from the dam
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Fig. 9. The monthly average volume of environmental demand along with the volume of its supply from the
spillway and reservoir of the dam (in million cubic meters)
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Fig. 10. Monthly average volume of runoff, overflow and total water supply volume of the dam in million cubic
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Fig. 13. Monthly average values of the volume (in million cubic meters) and electrical conductivity (in
microms/cm) of the dam reservoir
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