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ABSTRACT

In this study the hydrological parameters of Silakhor plain in eastern Lorestan, west of Iran, have been
investigated. The parameters studied in this paper include: evaluation of Doroud hydrometery
station, run-off coefficient, run-off volume, frequency of monthly and annual average yields, monthly and
annual yield of Tire River, monthly and annual average budget of Tire River, floods of rivers in the
area, Tire River frequency of floods, base discharge of area rivers, and the quality of the area water. On
the whole, the Tireh River drainage basin acts as the arterial drain and the Sarab River, Absefid River,
Geleroud, Absardeh and Marouak play the collector drain role and eventually join the Tireh River. On
average, in months April and May the regional rivers have high and in September and October have low
water levels. The area has a low run-off coefficient, and for the frequency of average yields, the best
distribution function, is the Log of Pearson type Il distribution. Qualitatively the water is potable and
suitable for agriculture. The regional waters are soft with low and almost neutral pH.
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INTRODUCTION

Hydrology in its broad meaning is about the water; that is the science that discusses about the appearance,
properties and distribution of water in nature. This science is not from the precision sciences, and gives
only an approximation of the reality (Alizadeh, 2010). Hydrological data are features extracted from the
environmental factors. Basically the data are of two types: Continuous and Discrete. Continuous data
means that infinite numbers can be allocated to them, precipitation data for example; while for discrete
data, only certain value can exist. Continuous data considering the measurement method are converted
into discrete data in two ways, the outcome of which shall be the sample data and pulse data. Sample data
are the results of measurement of a phenomenon, e. g. the yield during a certain period of time (Alizadeh,
2010). The data used in this paper are of long-term data having been extracted from a 32 years statistics.
Saverlieva et al., (2000) also studied a number of parameters using long-term data for measuring the
Siberia Rivers’ yield. In hydrology every measurable feature of the hydrologic system is called a
parameter (Lion & Russell, 1981). Through observational data, only estimations of different actual values
are gained (Linsly et al., 1983). Studying the hydrological parameters can play an important role in
development of an area. If we consider the water quality as one of the hydrological parameters, studying
this parameter can lead to making the provisions for the industrial and agricultural development of an
area. Some of the hydrological parameters can be studied both through modeling and (field and
laboratory) equipments. This paper is an equipmental study in which long-term statistics has been used.
For example, hydraulic conductivity is one of the aquifer parameters that can be obtained through
modeling. Shepherd (1989), Hazen (1982), Alyaman and Sen (1993), Fair and Hatch (1937) and Carman
(1956) have determined these parameters through laboratorial method. Recently various methods have
been devised for determining these parameters using the artificial intelligence. The present study has been
undertaken using a number of specialized software. The main aim of this paper is investigating some of
the hydrological parameters of the Silakhor plain region,

Geologic Setting

This study included: heights of Boroujerd-Doroud area located in longitude 48.49 to 49.20 eastern and
latitude 33.25 to 34.10 Northern. This study area includes two zones Sanandaj-Sirjan whith Northwest
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Southeast trend and also high zagros having northwest-southeast. Sanandaj-Sirjan zone has most granitic
heights and high Zagros zone has more height. Silakhor plain separates boundary into two zones. Doroud
and Razan faults are starry faults in area. In this study area (high Zagros zone) located at a unit of
autochtone and two units allochtone. Autochtone unit continue to boroujerd south. Structurals strikes in
part are from northwest to southeast and faults systems in area follow-up of it strike. The most importance
of allochtone units are under the name garin block and chaghalvandi block located in the area. Thrust of
garin allochtone units on maastrichtian rocks in mish parvar area is disorganized. Garin zone include
calcareous rocks that time it is upper triassic-cretaceous. Chaghalvandi unit includes rocks of
sedimentary-volcanic allochtone.

Right side of the map showing Sanandaj-sirjan zone. Sanandaj-Sirjan is a metamorphic zone.
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L

Figurel: Geologcal map of 1:100000 scale of area wite area is 'a‘l~lvuyvium and structural boundary
and located in it doroud fault, right side of map are mMetamorphic zoon (Sanandaj-Sirjan) and left
side of map is sedimentary zoon (High Zagros)

MATERIALS AND METHODS

The information of which has been obtained from the hydrometric stations existing in the region.
Studying of such parameters is of high importance due to the booming agriculture of the area and the
nearby industrial town. The Tireh River acts as the arterial drain throughout the basin and the Sarab Sefid,
Absardeh and Marouak Rivers act as the collector drains. These rivers execute the transferring operation
of run-offs and join the Tireh River in the end. The statistics used in this study have been obtained from
the hydrometric stations existing in the region including Absardeh, Rahim Abad, Geleh Rouad, Sarab
Sefid and Maruak, the geographical specifications of which have been represented in Table (1). To
investigate the yield of Tire River, the long-term statistics has been used. For calculation of the run-off in
a 3 year budget, at first the run-off volume of the basin has been calculated based on the annual average
yield statistics of the basin and then the run-off coefficient has been calculated through determining the
annual precipitation volume. The Tireh River annual average yields’ frequency has been analyzed using
SAMADA software and then the best distribution function was selected based on the Goodness Fit Test.
The monthly yield was considered using the long-term statistics and the high and low water months were
determined. Also the monthly and annual average budget has been calculated using long-term statistics.
To investigate the floods of the rivers existing in the area all the statistics and data of the maximum and
instantaneous daily yields of the regional stations have been used. Frequency of the Tireh River floods
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was obtained using the maximum instantaneous yields statistics. Finally, in order to investigate the water
quality, the salt content of the water, and the cations and anions were specified based on the sampling
from the Tireh River to determine the water quality status form the agriculture and potability point of
view.

RESULTS AND DISCUSSION

As was mentioned before, the statistics used in this study have been obtained from the hydrometric
stations existing in the region. Table (1) shows the specifications of under study areas’ hydrometery
stations. Using statistics gathered from these stations the hydrological Parameters of the area have been
estimated. To investigate the yield of the Tire River, the long-term statistics have been used (Table 2).
The statistics mean of Tireh River monthly yield has been presented at the end of the Table. The highest
and lowest yield belong to the months April - May and September-October respectively. Based on the
acquired data, the average total monthly yield of Tireh River has been estimated to be about 17.2m3/Sec.
The highest average of the Tireh River annual yield with 33.58 belongs to the year 1992-93 and the
lowest average belongs to the year 2000-2001. The area of the under study basin is 3400 Km?. The annual
average precipitation, the annual average yield and the annual average budget of Tireh River are
represented in Table (3). These statistics belong to a 3 year balance. Considering the Table (3), it can be
said that all three parameters have increased through time. The runoff-rainfall is of the most important
and principal topics of discussion in hydrology (Alizadeh, 2010). Table (4) shows the run-off coefficient,
run-off volume and the precipitation volume across the area under study. These parameters also belong to
a 3 year budget. It can be said that the run-off coefficient of the area is low, meaning that the permeability
coefficient is high and a large volume of the precipitation is absorbed by the ground. It can be predicted
therefore that the potential of underground water resources of the area is significant considering the
geological, morphological and physiographical settings. The Tireh River annual average yields’
frequency has been analyzed using SAMADA software; and based on the Goodnees Fit Test, the best
distribution function is Log of Pearson type Ill function. Accordingly the frequency distribution of
monthly average yields and the high water and low water periods have been specified. It should be noted
that in selection of the distribution function, the criterion has been the mean least relative deviation
square.

The following table contains the low water and high water periods of the region. Based on the long-term
statistics, the maximum, minimum and average annual budget during the year 1992-93 has been 1058.82
million m3, 205.9 million m3 and 543.18 million m3 respectively. Statistically the basins are divided into
two New-statistics and No-statistics categories. The under study drainage basin is of the New-statistics
type. To investigate the floods of the rivers existing in the area all the statistics and data of the maximum
and instantaneous daily yields of the regional stations have been used.

Table 1: Hydrometric Stations Specification in Area

Lititude Longitude Year Of Station Name River Name
Establishment

33 29 49 04 1955 Tirhe Tireh

33 46 48 47 1975 Rhim Abad Silakhor

33 39 49 01 1973 Marouak Tireh

33 44 48 45 1976 Haji Mohammad Absardeh

33 55 48 36 1969 Geleroud Gelehroud

33 54 48 35 1973 SarabSefid SarabSefid
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Table 2: Long-Term Statistics Tireh Hydrometric Station

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des Mean

87 82 22 06 12 25 23 59 404 507 245 87 1299
152 164 64 14 28 46 65 174 398 76 311 15 19.38
177 265 244 31 07 09 12 16 8 225 409 213 14.07
97 73 31 07 14 3 43 82 257 69.7 63 13.2 17.44
194 125 45 22 08 15 19 59 30 27 36.2 194 13.44
257 99 51 13 29 52 66 18 711 1024 411 493 28.22
155 157 136 42 05 07 14 134 104 229 248 183 11.78
259 231 196 26 04 08 2 22 6.9 345 533 26.8 16.51
18 392 41 06 19 26 44 76 269 44 311 365 18.8

10 151 127 63 22 43 47 53 72 456 1451 66.6 354 29.21
11 249 182 125 43 15 35 52 64 291 67 523 327 2147
12 129 126 107 5 1 12 26 77 196 512 283 19.2 1433
13 153 139 158 44 19 27 44 92 422 54 273 175 17.38
14 138 131 64 21 18 13 15 15 127 294 146 145 9.39

15 238 266 75 17 15 13 41 53 185 46 25 29.9 15.93
16 168 124 6 1.7 39 5 73 134 794 372 209 174 1845
17 199 171 9 4 26 37 47 72 213 566 672 231 19.70
18 326 141 263 47 38 41 73 74 216 462 895 315 24.09
19 226 218 126 38 24 37 52 89 327 604 425 287 2044
20 166 213 89 18 13 16 27 28 141 414 319 211 1379
21 106 87 61 13 05 05 60 09 4 295 169 114 7.58

22 117 123 19 05 33 6.7 133 272 1266 85 36.4 128 28.14
23 349 216 121 74 53 86 143 228 784 638 1029 308 33.58
24 291 268 186 74 18 23 44 74 213 435 421 46 20.89
25 455 1lo4 424 63 26 34 47 211 353 238 29 344 29.35
26 158 117 78 44 29 3 63 97 383 854 364 243 158

27 143 107 64 35 17 2 2 4 178 383 14 13.5 10.68
28 116 88 61 19 19 27 45 71 176 683 262 155 14.35
29 101 85 66 39 04 05 07 14 43 174 298 126 8.02

30 96 45 24 04 04 05 08 13 45 271 135 135 6.53

31 157 127 23 08 1 09 12 22 09 163 179 104 6.85

32 163 118 23 15 14 12 15 16 182 258 10 11.6 8.59

Mean 18.6 18.3 10 29 19 27 42 82 301 503 371 224 17.2

O©CoOo~NOOUTRWN -

Table 3: Triennial Budget Som Of Parameters

Basin Space Annual Average Annual Average River Annual Year
Precipitation(mm) Discharge Load
398.9 6.53 205.9 First Year
573.3 6.58 204.5 Second Year
3400 579.1 8.59 269.73 Third Year

Table 4: Ron-Off Propertices in Basin Level

Ron-off Coeficient Ron-Off Volum Precipitation Volum Year

15.18 205.9 1356.26 First Year
10.65 207.5 1949.22 Second Year
13.70 269.73 1968.94 ThirdYear
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From this angle, the only station having long-term accurate statistics is the Tireh station. Therefore the
information of this study has been used for considering the above parameter. The following table shows
the correlation between the maximum yields of the area stations and the base station. To determine the
frequency of the Tireh River floods, the maximum instantaneous yields statistics were used and Log of
Pearson type I11 distribution function was selected using Goodness Fit Test. Long-term statistics was used
for investigating the base yield of the regional rivers. Below tables show the statistics of each of the
hydrometric stations existing in the Silakhor plain. Based on the data of a 3 year budget concerning the
transmission run-off volume of Sarab Sefid station, Months of May and November have the highest and
lowest volume respectively. The transmission run-off volume of Geleroud station is similar to that of the
Sarab Sefid station and shows its highest volume in month of May and the lowest in November. The
Marouak station represents its highest and lowest transmission run-off volume in months April and
October respectively. In Tireh station, the transmission run-off volume shows its highest volume in April
and its lowest volume in October. The Absardeh station also has a similar situation and shows the highest
volume of transmission run-off in April and the lowest in September. On the whole it can be said that the
run-off volume reaches its peak during the month of April.

Table 5: Frequency of Tireh River Annual with Different Reject Period

Reject 2 3 5 10 25 50 100 200
Period

Yield 16.27 19.67 23.29 27.61 32.69 36.21 39.52 42.66

Table 6: Monthly Load of Tireh River in Thireh Hydrometric Station

Months Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Des

River 48.20 58.02 92.96 134.62 80.62 22.09 1131 7.27 517 7.42 2592 473
Load

Table 7: Correlaton Relations between Daily Maximum Discharges of Area Stations with Base
Station

Correlation Relation Base Station Station Name
Coeifficient

0.82 Q=0.2282Q, + 0.1293  Tireh Haji Mohammad
0.89 Q=0.0806 Qp +19.506  Tireh Rahim Abad
0.88 Q=0.3442Q, - 3.7166 Tireh Marouak

0.75 Q=0.6612 Qp - 1.2102  Tireh SarabSefid

For investigation of base discharge area rivers use of long-term. The Tables (9),(10),(11),(12),(13) Are
proper to this parameters. Based on transmission run-off volume of SarabSefid Station In ATriennial
Budget Have May Month, Maximum of Transmission Run-Off Volum And November Month Have
Minimum Of Transmission Run-Off Volum. Of Transmission Run-Off VVolum of Geleroud Station Is
Similar SarabSefid and It Have Maximum In May Month And Minimum In November Month. Of
Transmission Run-Off Volume Show That in Marouak station April Month Have Maximum Amount and
October Have Minimum Amount. Also Tireh Station Have Maximum Amount InApril Month and Have
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Minimum Amount In October Mounth.TooAbsardeh Station Have Maximum In April Month And Have
Minimum Amount In September Month.

Table 8: Frequency of Moment Maximum Discharge in Tireh Station

Reject 2 3 5 10 25 50 100 200
Preiod

Moment 138.9 189.2 257.8 365.6 541.4 705.6 902.3 1137.4
Maximum
Discharge

Unit of Moment Maximum Discharge Is M3/ Li

Table 9: Transmission Run-Off Volume of SarabSefid Station

Months/Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

First Year 345 290 3.03 303 364 373 487 7.12 573 731 311 3.55
Second Year 2.70 454 386 4.07 6.78 6.99 7.07 554 715 554 331 244
Third Year 391 324 246 259 404 643 731 726 771 6 3.66 3.21

In Total (Annual Total) Is In Fist Year 49.34, Is In Seciond Year 59.98 and Is In Third Year 57.91.

Table 10: Transmission Run-Off Volume of Geleh Rouad Station

Months/Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

First Year 218 189 275 277 252 289 410 581 1334 1473 241 2.33
Second Year 3.73 384 254 3.08 3.05 3.67 5.97
Third Year 238 238 197 184 174 313 6.70 1240 16.37 9 391 295

In Total (Annual Totan) Is In First Year 57.72, Is In Second Year 67.13 And Is In Third Year 66.05

Table 11: Transmission Run-Off Volume of Marouak Station

Months/Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

First Year 013 0.08 001 O 0 0 0.08 04 088 2097 581 205
Second Year 1431 8.76 0.47 0 0 027 131 145 6.08 2494 2318 9.98
Third Year 18.33 9.07 137 O 0.03 0.83 187 356 1947 2419 13.05 15.34

Table 12: Transmission Run-Off Volume of Tireh Station

Months/Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

First Year 2496 1164 6.25 104 110 1023 210 335 10 72.69 33.85 34.91
Second Year 40.56 32.97 594 2 262 228 332 297 236 4355 4495 27.03
Third Year 4230 30.69 596 3.76 3.64 332 295 426 487 69.10 2493 30.30
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Table 13: Transmission Run-Off Volume of Absardeh Station

Months/Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Dec

First Year 327 176 188 150 0.67 084 1.04 193 509 2028 8.07 6.01
Second Year 8.79 822 150 096 080 091 145 238 549 13.77 1085 60.43
Third Year 11.77 632 138 0.76 058 092 189 429 1473 20.65 8.09 6.92

In recent years the hydrochemical studies of aquifers for the purpose of investigating the quality or the
pollutants existing in them have broadly developed (Asghari Moghadam Et Al, 2009). Hydrogeochemical
investigation were initiated in 1973 in response to public concern about the effects of light strip mining on
the quality and of shallow ground water (Houghton, 1987). Studying the chemical properties of a water
sample requires chemical analysis of that sample (Sedaghat, 2008). Table (14) shows the information
gathered from sampling of the Tireh River and chemical analysis of the sample. The average value of
TDS and EC is indicative of low content of the soluble materials in the regional waters. Hence, because
the average value of TDS is low, the area water is of soft waters according to Freeze and Cherry (1979).
Moreover, small range of TDS changes shows low geochemical processes occurring in the area waters.
Using Na/Cl (MG/Li) the releasing source of Na and Cl ions can be identified. If this proportion is equal
to 1, then the halite solution is the main source of supplying Sodium and chloride; but if the proportion is
more than 1, the Sodium has probably originated from weathering of silicates (Meyback, 1987). From the
Na/CL proportion the figure 1.64 is obtained, showing the probably silicate origin of Sodium. On the
whole, based on the chemical analysis of the area water, it can be concluded that the water has no
limitation regarding potability or agricultural use. The rocks and minerals affect the water chemical
properties. If the river moves through a path containing mineral rocks, the soluble minerals can impact the
chemical properties of the river water. Volcanic, sedimentary or metamorphic rocks produce completely
different effects on the water chemical properties. Relying on the obtained TDS and EC, it can be said
that the Silakhor plain aquifer is fed through karstic conduits. Considering the Table (15), we can say that
the HCO5content is more than the other elements and this is indicative of the lime and dolomite solution.
The water contact therefore with the carbonated lithology has made them to dissolve. In waters with a pH
higher than 8.2, the bicarbonate ion is converted into carbonate ion, but the area water pH shows the
figure 7.16 which is in neutral range, indicative of non-occurrence of the conversion process.

Table 14: Chemical Quality Propertices of Tireh River Water

Parameters/Index Sar  Na Mg Ca So, CI HCO; PH EC TDS Q

Maximum 019 035 3 38 028 18 55 7.5 1200 539 424
Average 013 023 235 36 015 14 438 716 880 448 10
Minimum 0.1 017 1.7 33 0.2 1 4.1 6.83 560 358 4.9
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