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Kאא 
אאאאאא
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KKאא 
אא–אא

אאא 
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אאW 
אא،אאא

אאאא،
אאאאאא،אא

،אא،א
،אאאא
אאא،א،אאא
،אאאאאאא

אאאאאאא
א،א
א،אאאאאא

אKאאאSnyder’s Model،
אאאSoil Conservation Serves (SCS)

אאאאא،אאאאא
Unit hydrographic ordinatesאא

אFאאEStorm hydrographאא،
٤٥F١٩٦٥א J

٢٠٠٩Eאא،
אאF٥،١٠،٢٥،٥٠،١٠٠Eא

אאאFEאאא
אאא(Snyder’s Model)אאא

F٥،١٠،٢٥،٥٠،١٠٠E٢٦}٣٣L،٥٦}٣٨א٣L،٥٨}١٦٦א
٣L،٦٧}٣٣١א٣L،٠٤}٥٦٠א٣L،אאא

אאאאאאא(SCS’s 
Model)אאא٥٨}١٣L،٦٥}١٨א٣L،٥٨}٨٠א

٣L،٤٣}١٦٠א٣L،٩٠}٢٧٠א٣LאאאK 
אאW،אא،אאא

אאא،אאא،אK 
 



 

 
 
 
 
 
 
 
 
 
 
 

 



 

 
١٩٧  אאא 

אאא١٤٣٩א 

Wא 
אאאאאאאאא
،אא
אא،אא

אא،א
א،אאאא

אאאאא
א،א

אאאאאא
אאאאK

אאאאאאאאאא
א،א10.000

אא،א
אאא،א

،א
אאא

אאא،٢٠٠٨א
אאאא

אאאK 
אאאאא

אאאאאSRTM،



 

 
١٩٨אאאאאא 

Kאא JKKאא 

א،אאא
אאאאאאא

SnyderSCS Dimensionless Unit Hydrographאא،
אאאSnyder SCS 

א،אא
אאאאאאא
،א،א

אאאK 
אא 

אא،אאאאא
Lאאאאא،

א،א٨٠٠
٣٠٠٠אאאא،Paleozoic،

،אאאא
٦٥אאא،א

אאאאא،אא
אKא

אאאאא
،אאאאא،א

،א،א،،א
אאאאאא،



 

 
١٩٩  אאא 

אאא١٤٣٩א 

א?F4032'°26E43° 54' 52 52"-NE?אא
א 

אאאאא
אאאא

FAldughairi,2011E.אאאא
،אאא

א،אאאאא
אאאאF

אא،אE،אא
אא،אאאא

אאאאאא
אאF،٢٠١٢אKEF١אKE 

אאאא
،אאאא

אאאCarbonFא
GuadalupianE،

א،א
אאאאא

Late\Middle Permianא
אאWאאא

٤٢אאא،אא



 

 
٢٠٠אאאאאא 

Kאא JKKאא 

א٦٠א،אאFא
Guadalupian to Mississpian (א

אKאא٢٨א،
FאGuadalupianE.א

אאא
٣٨אF (Manivit et al., 1986אאא،

אאאEarly Triassic א
אאScythian אאא،

אאאא،א
Foraminifera،F٢אKE 
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א٢W،אא
אא 

אאאאאאא،
 אא٢٠ J٥٠א،

אא،אא
١٠אK

אאאא،א
אFאK٢٠٠٣FE٢אKE 

אא،
،

،אא
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٢٠٢אאאאאא 

Kאא JKKאא 

אאאאאאLaunaea 

capitataא،Anisosciadlunl isosciadiumאא،Anthemis 

spp،אאאא
א،אאאאאאא

אא،א Tamarix Artculata אTamarix 

aucheriana אCalotopis procerאZiziphusאAcacia K
אאא

אאאאאאא
K 

א،אאאאא
אאאאא

א،אאאאא
אאFE،

אFאEאאא
אאFEאא

אKאאא
F٣٠°E،אK 
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٢٠٣  אאא 

אאא١٤٣٩א 

א 
١ JאאאW 

אאאאא
، א،אא

אא،אאאאאא
אאאא،

אא،אWאאא
אאאאא

אאאאא٥
F٢٠١١אEאא،אאא

אאאאאא
אאאאאאא

Kאא
א،אאאאאWא

٢٠٠٨אאא
אאא،

אאאא
،אאא

אאאאאאא
אאא SRTMאאא

Kאא 



 

 
٢٠٤אאאאאא 

Kאא JKKאא 

٢ JאW 
אאאאאאא

SRTM)EShuttle Radar Topograpy Mission א
א2000،٣٠א،

אאאאאאא
א.אאאא

אאאArcGISאب(Toolbox -  

Spatial Analyst Tools- Hydrology)Kא
אאStrahlerאא،(Hydrology-

Watershed)،אאאאא
אאאא٢٠١٠אא،

אא٢٠٢٠א٢٠٥٠א،
،א،א،אא
אאאא

אאאאאאאK 
٣ Jאאא 

،אאא
אא אא אאא،

אאאא،אא
אFArcMap – ArcInfo. V. 10.1E،



 

 
٢٠٥  אאא 

אאא١٤٣٩א 

אאF١Eא،F٢E،،
אF٣Eאאא،: 

• אאW (Rc)    =  Circularity Ratio        FMiller, 1953E
F١E 

W 
E 

FAE א 

FBE א 
• א        Elongation Ratio   (Re)=F٢E 

W 
     Wאאא 

• א                  : Form Factor Ratio    ( Horton,1932)
F٣E 

אאאF
٤،٥،٦EאאאW 

• אאZZ-z   (Strahler,1952)F٤E 

 
ZאK،zא. 
• אZH/ Lb ( Schumm,1956)F٥E 
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٢٠٦אאאאאא 

Kאא JKKאא 

H  W،אאLbWא
אאK 

• אאZH* 100/p( Melton,1957)F٦E 

WHW،אאPא
FKE 

• אFZאאCאED
אK 

• אא،،
،אאא
א،אא

א 

• אBifurcation Ratio WF٧E 
: Bifurcation Ratio      =  FE  F٧E 

W 
Wא،NWאא،           NW

אאא 
אאא

אאאאK 
• אDrainage Density F٨E 

אW     ( Dd ) =   / A(Horton . 1932)
F٨E 



 

 
٢٠٧  אאא 

אאא١٤٣٩א 

W 
DdW،אLµWאאא

،AאK 
• אאאDrainage FrequencyWא

אF٩E 

אאW( Fs) = Nµ / A(Horton . 1932)
F٩E 

W 
FsW،אאLµאאא

،אAWאFE 
٤ Jאאאאא 

אא؛אאאא
??Snyder’s ModelאאאSoil 

Conservation Service (SCS)אאא،
W 

אאWאאאא
Synthetic Unit Hydrographאאאא

אאאאאK 
אאWאאאאK 

אאWאאFאאE،
،אאאאאא



 

 
٢٠٨אאאאאא 

Kאא JKKאא 

אאF،א
אאאאEא

אא١٩٦٥٢٠٠٩،
٤٥K 

אאאWאK 
אאWאאK 

Wאאאא 
Development of Synthetic Unit Hydrograph 

אאאFאאEאא
،אאא،א

אאW 
١ JSnyder’s Model 

אאאאאPeak 

dischargeאא،Lag timeא،
אא(Ramirez, 2000 and Arora, 2004)K 

F١ J١E Jא١Lag Time (TL)Wא
Wא 

                                     
F١EאאLag time or basin lagWאאא

אא،אא(Viessman et al., 1989; Sule and 

Alabi, 2013)אא،Concentration timeא
،אאאאא،א

אאאאא،אאא



 

 
٢٠٩  אאא 

אאא١٤٣٩א 

 

WTLZאFE،CTZ
אאאאSlope and storage،

אF٠}١ J٢}٢Eאאאא،
F٦٠}١Eאאאאאא(Arora, 

2004; Salami, 2009; Sule and Alabi, 2013)،LZאא
אאאFE،LcaZאא

אאאFKE 
F١ J٢E JאאאFאEUnit-

hydrograph duration (storm duration) (TR)WאאW 
 

אאאא
אאאאאאFאE

،אאאאאא
אאא،אאW 

 

WTL(adj)ZאאאאF
אFEE،TLZאFEא

                                                                                   
אאא،א

אאאK 



 

 
٢١٠אאאאאא 

Kאא JKKאא 

אF١E،ZאאאאF،
،E،TRZאאאאF٢KE 

F١ J٣E JאFאEPeak Discharge (QP)W
אאאאאW 

 
 

WQPZאF٣LאE،CPZ
אא،א،F٣}٠ J

٩٣}٠E(Arora, 2004)،AZאF٢E،TL(adj)Z
אאאאF٣FEKE 

F١ J٤E JאBase Time (Tbase)Wא
אאאאW 

 

WTbaseZאFE،TL(adj)Zא
אF٣FEKE 

،אא??
א(W50)(W75)א،

אאF٥٠E٪F٧٥E٪،
אאאW 



 

 
٢١١  אאא 

אאא١٤٣٩א 

 
 

WW50،W75Zאאא
FE،qpZאאא
FאLאE(m3/s/km2)،אא

אא(Qp)Fא٤E
א(A)K 

אאF١Eאא
אאK 

F١Eאאאא
١،٢،٣FE 

W75 
(hr) 

W50 
(hr) 

Tbase 
(hr) 

qp 
m3/s/km2

QP 
m3/s 

TL(adj) 
(hr) 

TR 
(hr) 

43.7075.84 5.30 0.094 52.03 18.37 1.00 
46.3680.45 5.42 0.089 49.34 19.37 2.00 
49.9986.75 5.56 0.083 46.92 20.37 3.00 

٢ Jאאא 

Soil Conservation Service (SCS) Model 

אאא
אאPeak dischargeא،

אTime to peakאאאאא
(Viessman et al., 1989; SCS, 2002; Ogunlela and Kasali, 2002; 



 

 
٢١٢אאאאאא 

Kאא JKKאא 

Viessman and Lewis, 2008; Salami, 2009; Sule and Alabi, 2013)
אאW 

١ JאאPeak dischargeW
אאW 

 

:QpZאאF٣LאE،AZ
אF٢E،QdZאאFE

אF٩E،TpZאאFE
אF١٠EאאK 

 

WRcZאRunoff coefficientא
אאא،

אאאאאאא
אאא،אא١٠}٠ J

٣٠}٠SCSא(Rc = 0.175)،אא
אאאאאאאK

אאאHZא
FE،٣٥}٢٥אא

٤٥F١٩٦٥ J٢٠٠٩KE 
٢ JאאTime to PeakW

אאW 



 

 
٢١٣  אאא 

אאא١٤٣٩א 

 

 
WTpZאאFE،TcZ

١אTime of concentration (min)א،
אW 
 

WLZאאFE،SZאאאא
FLEאא،W 

 

WHmaxZאאFE،hminZ
אאFE،dZאFKE 

 
 
 
 

                                     
F١EאConcentration timeWאאאא

אא،אאאאא،
אאאא(Viessman and Lewis, 2008; Wurbs and 

James, 2010; Sule and Alabi, 2013)אא
،א،אאאא

،אא،،
،אאא،אאא

אאא،K 



 

 
٢١٤אאאאאא 

Kאא JKKאא 

א 
א،אF٢٠٠٢EאאW

?אאאא–אאא–א
K?א،W،אא

،אא،אא،א
، א

א،אא
א

אאאא،א٢٠١١אא
אאאאא،א

אא،אאא
אא

אא،א
אאאאא

אFletmann, et al., 2004. Aldughairi, (2011K 
אאF٢٠٠٧Eא

אאאאאא
 SnyderאאSpot-5،

אאאאF٣}٢٦٤٩٣LE
אאF٧}٣٠٣٣LEאF٣}٧٤٣LKE

אF٢٠٠٧Eאאא



 

 
٢١٥  אאא 

אאא١٤٣٩א 

אאאא Snyder،
אא٩}١٣٥٤٥}١٨٨٦٣L

אא٤}١٣٦١}١٨٥٣Lאא
١}٣٦٨}٤٩٣Lאא

אאK 
א،אF١٤٣٣Eא?Wא

אאאאאא
אאK?אאאא

אאא،א،אא
،אאא

אאאא،אא
א

אא،אאא
אאאא

٩٣٩}١٠٤ m3/sec،א
180.108m3/sec١٠٠K 

،אאאא
אF٢٠١١E?אאאא?א

אאאאא،א
א١٠،

אאאאאא



 

 
٢١٦אאאאאא 

Kאא JKKאא 

א،אאאאא
אאאא

אאאאאאא
אא،

"אאאא?
אאאאאא

א אא،٢٠١٦
אאאאא
אא،אאא

אאאא
אאאאאאא

אאאאK 
אאאאא 

Wאאא 
אאאאאא

אFאאE،אא
אאא،א
אא،אאאא

אאאא،א
א،אאאאא?אא



 

 
٢١٧  אאא 

אאא١٤٣٩א 

Strahler?אאאאא
אא(Strahler, 1957, p. 292)K 

אF٢Eאאאא
א،אW 

١ Jאא٥٠}٥٥٤٢،
אאאאא
אאא،א

אאFאאEאא
אאאK 

F٢EאאFא–א–אE 
אא 

אFE א  א
F٢EאKאא אאאא

٥٠}٥٥٤٥١ ٨٧}١٠٥}١٧٦ ٢٢}٠ ٢٦}٠ ٢١}٠ 

٢ J،אאא
א٥١،(A/Lb)٨٧}١٠،

٥٠}١٧٦אא،
א،אאK 

٣ JאאCircularity Ratioאא٢٢}٠
א،אאאאא

אאאF٣KE 



 

 
٢١٨אאאאאא 

Kאא JKKאא 

٤ JאאאElongation Ratio
٢٦}٠،אא

אF٣אEא?א?
(Morisawa, 1985, p. 151)אאאא

?Schumm (1956)א
אFאאאאאא

אאא،אא،א
אאאאאEאא،

אאאאאא
אK 

F٣Eאאא 



 

 
٢١٩  אאא 

אאא١٤٣٩א 

אאאאאא
אאא،אאאא

אFאE
אאא،

א،אא
؛אאאאא

אאאאאא
،אאאא

،אאא
אאאאאאא–

א–אאאK 
WאאRelief Characteristics 

אאאאא
אאאאא،א

،،אאאא
א،אאאאא

אאRunoff Velocityא،Lag Time،
אConcentration Timeאאא

אא،אאאאא
א،א J Jאא

אאא،KאF٤E،
אF٢E،אא

אW 



 

 
٢٢٠אאאאאא 

Kאא JKKאא 

١ J אאTotal Basin Reliefאא
٢٥١،אאF٤٥٠E

אאF٧٩١KE 
٢ J אRelief Ratioאא٥٥}٣

Lאא،Relative Relief١٤}٠L،
אF٣Eאאא

אא،אאא
אK 

٣ J אRuggedness Numberאא
٧٤}٤،אאאא

אאאא،
אאאK 

٤Wאא 
 
 



 

 
٢٢١  אאא 

אאא١٤٣٩א 

F٣Eאא 


FE 


FE 
א

אFE
א

FLE 
א

אFLE

א

٥٤٠ 
 

٧٩١ ٢٥١ ٥٥}٣ ١٤}٠ ٧٤}٤

٤ JאאHypsometric Integralא
٦٤אF٪٥אEאאא،٣٦٪

،אאא،א
،אאא،אאא

?אא?אאאא٦٠٪
(Strahler, 1957, pp. 279- 300)،??

אאאא٢٠ J٨٠٪אא،
אאאא
(Ritter et al., 1995, p. 155) 

،אאאאאא
?אא?

אאאאאאא،
אאאF،

١٩٨٢،٤٩Eאאאא،
אאא

אאאא،א
א،אאאא



 

 
٢٢٢אאאאאא 

Kאא JKKאא 

אאא
אאאK 

אאא
٥٤٠אא،אא

،אאא
אאא
אאא،א

א،אאאאא
אאאא

،אFE،א
،אא،א،א

،אא
אאאא،א
אאא،אא
אאאא

F٤Eאאא،
אאא،אאאא
،אא،אא

??אאאא
אאאא(Cooke and 

Warren, 1975, p. 155)K 



 

 
٢٢٣  אאא 

אאא١٤٣٩א 

F٤E 
אאאא 

א א אE٪Fא 
אאא ٦٤ ،אW،אFאאאE

אאא ٢}٦٤ ،אW،אF١٤٣٣E 
א٤١ ،F٢٠٠٧E 
אא ٨}٨٦ J١}٨٦،F١٩٨٠E 

 

  

  

  

  

  

  

  

  

  

  
F٥Eא،אאאא 

אאאאאאSRTM 

 



 

 
٢٢٤אאאאאא 

Kאא JKKאא 

Wא 
א אאא?אא?

אא،אאא،א
–א–א،אא

א،אF٦E،
אF٥٦EאW 

١ JאאChannel Orders 
F١ J١E Jאאא

،א٧٥}٧٧א٪א،
א٢٠}١٧٪אאא

F٦E،אא،א
אאF٧KE 

F١ J٢Eאאא٨٢}٥٢٪אא
א،אאF٨٤}٢٤E٪א،

אאאאאא،אK 



 

 
٢٢٥  אאא 

אאא١٤٣٩א 

 
F٦Eאאא 

 
 
 
 
 
 
 
 
 
 
 

אאאאאאSRTM 



 

 
٢٢٦אאאאאא 

Kאא JKKאא 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F٧Eאאא 
אאא 



 

 
٢٢٧  אאא 

אאא١٤٣٩א 

F١ J٣E Jאאא٥٠}٠،
א٥٠}٧،אא

אאאF
٧KE 

F٥Eאאאא 
א 

א
אא

FE 


אFE
א

F٢E 

א

F٢E 
א١٦٠٠٨٠٦ ٥٠}٠ ٦٤}٣٥٥ ٢٢}٠ 
א ٣٥٤ ٣٧٩ ٠٧}١ ٣٧}٩٩ ٢٨}٠ 
א ٨٠ ١٨١ ٢٦}٢ ٢١}٤٥ ٥٧}٠ 
אא١٨ ٧٥ ١٧}٤ ٧٣}٢٢ ٢٦}١ 
א٥ ٣٨ ٥٠}٧ ٢٧}٨ ٦٥}١ 
א١ ٤٧ ٦}٤٧ ٢٨}٢٣ ٢٨}٢٣ 
א٢٠٥٨١٥٢٦  J ٥٠}٥٥٤  J 

F١ J٤E Jאא١٤}٦٤٪،א
אא٩٢}١٧٪א،

אאאא
،אאאאא

אא٢٢}٠א٢،
אא٦٥}١א٢אא،

א،אא؛א
אאF٧KE 



 

 
٢٢٨אאאאאא 

Kאא JKKאא 

٢ JאBifurcation Ratio 
אאאאא

٦}٣ J٠}٥،א٣٨}٤אF٥E،
אאא

אאא
אאאאא

F،א،١٤٣٣אEא،
אאאא،אאא

אא،א
(Saad, et al., 1980, p. 822)אא
אאא،א

אאא،
אאא،א؛אא

א،א
،??אא

אאK 
אאא

אא،אאא
،אא(Horton, 1932)

א٣ J٥א
אא(Gregory and Walling, 1973, p. 54)K 



 

 
٢٢٩  אאא 

אאא١٤٣٩א 

F٦Eאאאא 
א אאFL٢E אאFאL٢E 
א٢٧}٢ ٥٠}٤ 
א ٨١}٣ ٥٦}٣ 
א ٠٠}٤ ٧٧}١ 

٣٠}٣אא ٧٩}٠ 
א٥٩}٤ ٦٠}٠ 
א

٥}٤ 
٤}٤ 
٤}٤ 
٦}٣ 
٠}٥ 

٠٢}٢ ٠٤}٠ 
א٣٨}٤ ٣٣}٣ ٨٨}١ 

٣ JאDrainage Density 
אאאאא

אא،אא
אאאאW

א،אאאאאא
א،אא
אאאאא

،אא
אאא،אא

אאאאאF٦E
אאאW 

F٣ J١E Jאאא
אא٠٢}٢ J٥٩}٤L٢،٣٣}٣L٢

،אאא
،אאאאא?אא?



 

 
٢٣٠אאאאאא 

Kאא JKKאא 

(Strahler, 1957, p. 32)אאאא
٥אL٢،

א،אאאאא
א(Gregory and Walling, 1973, p. 45)،

א(Howard, 1967, p. 2246)،א(Morisawa, 

1985, p. 140)אאא
Coarse textureאאא٨L٢،

אאא
אאK 

אאא
،،א
אאאא،א
א،אאאא،א

אאK 
F٣ J٢E Jאא

،אאא
אFאא٢E،

(Cooke and Warren,1975, p.151)א
אאאא

אאאאאאK 



 

 
٢٣١  אאא 

אאא١٤٣٩א 

אאאאא
א(Gregory and Walling, 1973, p. 46)א

אאאא
א،א(Ritter 

et al., 1995, p. 153)،(Hails, 1977, p. 123)א،(Small, 

1989, pp. 47-49)אאא
אאאא،א

אאאEnglish Chalk Landsא
١אL٢אאאSeasonal 

Bournesאא،אא
א،אאא
אאאא
א،אא،אא

אאאאא
אאאאאא

K 



 

 
٢٣٢אאאאאא 

Kאא JKKאא 

F٨Eאאאא 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 
٢٣٣  אאא 

אאא١٤٣٩א 

٤ JאאDrainage Frequency 
אאאאא٠٤}٠ J٥٠}٤

אL٢،٨٨}١אL٢F٥E،
אאאאאאא
אא،אאא
אאאאא

א،אאאא
אאאK 

א،אאא،א
אאאא،אא

אאאאאאאא،
،אאאאאאא
،אאאאאא

אאא،
אאאאאK 

٢ Jאאאאא 
Wאאא 

אאSnyder’s Modelאאא
א،אאאא

אאSRTM-30mאArc Map 

GIS V. 10.1אא(TL(adj)אא
F،،Eא،(Qp)

FEא،T(hr)،א
א Q (m3/s)Fא

٧،٨،٩E،Fא٩١٠KE 



 

 
٢٣٤אאאאאא 

Kאא JKKאא 

אאאאSCS’s Model
אא،אאWא

אPeak Dischargeאא،Time to 

PeakF١٠אא،١٠KE 
F٧Eאאא 

אאFאE 
א 

Q (m3/s) 
SCS 
q/qp 

א 
T(hr) 

SCS 
T/Tp 

0 0 0 0 
٣٧}٢٢ 0.43 ١٩}٩ 0.5 
٠٣}٥٢ 1.0 ٣٧}١٨ 1.0 
٣٤}٣٤ 0.66 ٥٦}٢٧ 1.5 
٦٥}١٦ 0.32 ٧٤}٣٦ 2.0 
٠٦}٨ 0.155 ٩٣}٤٥ 2.5 
٩٠}٣ 0.075 ١١}٥٥ 3.0 
٨٧}١ 0.036 ٣٠}٦٤ 3.5 
٩٣}٠ 0.018 ٤٨}٧٣ 4.0 

F٨Eאאא 

אאFE 
א 

Q (m3/s) 
SCS 
q/qp 

א 
T(hr) 

SCS 
T/Tp 

0 0 0 0 
21.22 0.43 9.69 0.5 
49.34 1.0 19.37 1.0 
32.56 0.66 29.06 1.5 
15.79 0.32 38.74 2.0 
7.65 0.155 48.43 2.5 
3.70 0.075 58.11 3.0 
1.78 0.036 67.80 3.5 
0.89 0.018 77.48 4.0 

 



 

 
٢٣٥  אאא 

אאא١٤٣٩א 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

F٩Eאאא 
FEאא 



 

 
٢٣٦אאאאאא 

Kאא JKKאא 

F٩Eאאא 

אאFE 
א 

Q (m3/s) 
SCS 
q/qp 

א 
T(hr) 

SCS 
T/Tp 

0 0 0 0 
١٨}٢٠ 0.43 ١٩}١٠ 0.5 
٩٢}٤٦ 1.0 ٣٧}٢٠ 1.0 
٩٧}٣٠ 0.66 ٥٦}٣٠ 1.5 
٠١}١٥ 0.32 ٧٤}٤٠ 2.0 
٢٧}٧ 0.155 ٩٣}٥٠ 2.5 
٥٣}٣ 0.075 ١١}٦١ 3.0 
٦٩}١ 0.036 ٣٠}٧١ 3.5 
٨٤}٠ 0.018 ٤٨}٨١ 4.0 

 
 

F١٠Eאאא 

אאאאא(SCS) 
א 

Q (m3/s) 
SCS 
q/qp 

א 
T(hr) 

SCS 
T/Tp 

0 0 0 0 
10.28 0.43 10.71 0.5 
23.91 1.0 21.42 1.0 
15.78 0.66 32.13 1.5 
7.65 0.32 42.84 2.0 
3.71 0.155 53.55 2.5 
1.79 0.075 64.26 3.0 
0.86 0.036 74.97 3.5 
0.43 0.018 85.68 4.0 

 



 

 
٢٣٧  אאא 

אאא١٤٣٩א 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

F١٠EאאאF
Eא،FSCSEאא 



 

 
٢٣٨אאאאאא 

Kאא JKKאא 

WאאFאE 
Development of Storm Hydrographs 

אאאאאUnit hydrographic 

ordinatesאאאFא
אEStorm hydrographאא،

٤٥F١٩٦٥א J
٢٠٠٩E،א

אאאF٥،١٠،٢٥،٥٠،١٠٠E
אאאאFE،

אאאאאאW 
١ Jאא

Return PeriodsF١١אKE 
F١١Eא 

F،א١٤٣٣ J٢٠١٢E 
אאFE ٥ ١٠ ٢٥ ٥٠ ١٠٠ 

FE ٣٣ ٤١ ٥٤ ٦٥ ٧٧ 

٢ Jאאא
אאא،
אא،אאא
،אא،א

אאאאאא



 

 
٢٣٩  אאא 

אאא١٤٣٩א 

אא،אאא
אאאאK 

אSCS (1972)א٨٥٠٠א
،אHydrologic 

groups (A, B, C, and D)אאInfiltration،
،אאאא،
אאאא

א(A)،אאאאאא،
،אLow Runoff Potentialא

א٦٣Curve Number (CN= 63)אא
אאאא

FאאKE 
٣ Jאאאא

אאאאאאא
אא،אInitial Abstraction (IA)،

אאW 
 

אאאאאSZ١٧}١٤٩
א،IAZ٨٣}٢٩،א

א٨٣}٢٩



 

 
٢٤٠אאאאאא 

Kאא JKKאא 

אא،אאא،
אאאאאאK 

٤ Jאאאאא
אאאFEאאאW 

 

 

 

WQdZאאFEא
،אאZFE

،אאIaZאא
F٨٣}٢٩E،SZ،א

אאאאאF
א١٧}١٤٩אKE 

٥ Jאא،אאא
אאאHydrograph Convolution

Wאאא
אUH Ordinates (Un)אאא،Rainfall 

Excess (Pi)FאאEאאא،
אאאאSnyder and SCS،

אאF١٧،١٨Eאא،
F١٢L١٣L١٤L١٥L١٦EאF١١L١٢EאK 



 

 
٢٤١  אאא 

אאא١٤٣٩א 

 

 

 
 

WQnZאאאDirect Runoff،PiZא
אאאאExcess Rainfall،UsZ

אאאUH ordinates(j= n-i+1)K
אאF١٢EאK 

F١٢E 
Unit Hydrograph Ordinates 

87654321 Total Direct  

Runoff (m3/s) 
 U8U7U6U5U4U3U2U1

E
xcess 

R
ainfall 
(m

m
)


T

im
e interval
(hr)


P1U1 P1

U1P1N= 1

P2U1+P1U2 P1

U2
P2

U1P22
P3U1+P2U2+ 

P1U3 P1

U3
P2

U2
P3

U1P33
P4U1+P3U2+P2

U3+P1U4 P1

U4
P2

U3
P3

U2
P4

U1P44
P5U1+P4U2+P3

U3+P2U4+P1U5P1

U5
P2

U4
P3

U3
P4

U2
P5

U1P55
P5U2+P4U3+P3

U4+P2U5+P1U6P1

U6
P2

U5
P3

U4
P4

U3
P5

U2 6
P5U3+P4U4+P3

U5+P2U6+P1U7P1

U7
P2

U6
P3

U5
P4

U4
P5

U3
 7

P5U4+P4U5+P3

U6+P2U7+P1U8
P1

U8
P2

U7
P3

U6
P4

U5
P5

U4 8
P5U5+P4U6+P3P2P3P4P5 9



 

 
٢٤٢אאאאאא 

Kאא JKKאא 

Unit Hydrograph Ordinates 
87654321 Total Direct  

Runoff (m3/s) 
 U8U7U6U5U4U3U2U1

E
xcess 

R
ainfall 
(m

m
)




T
im

e interval
(hr)




U7+P2U8 U8U7U6U5
P5U6+P4U7+P3

U8 
P3

U8
P4

U7
P5

U6 10

P5U7+ P4U8 P4

U8
P5

U7 11

P5U8 P5

U8 12

 
١٣FE 

Unit Hydrograph Ordinates 
87654321

Total 

Direct  

Runoff 

(m3/s) 
 

0.931.873.908.0616.6534.3452.0322.37
E

xcess R
ainfall 

(m
m

)


T
im

e interval
 

(hr)


1.48        1.48 0.066 N= 1 
20.88       3.43 17.450.78 2 
118.24      2.27 40.5875.393.37 3 
353.33     1.10 26.79175.34150.106.71 4 
731.82    0.5312.99115.73349.12253.4511.33 5 
882.58   0.266.2956.11230.42589.50  6 
831.11  0.123.0427.16111.72389.07   7 
257.38 0.061.4613.1454.08188.64    8 
124.52 0.736.3026.1791.32     9 
59.87 3.1312.5544.19      10 
27.43 6.2421.19       11 
10.54 10.54        12 

Total = 

3419.18 
          

 



 

 
٢٤٣  אאא 

אאא١٤٣٩א 

١٤FE 
Unit Hydrograph Ordinates 

8 7 6 5 4 3 2 1 
Total 

Direct  

Runoff 

(m3/s) 
 

0.931.873.908.0616.6534.3452.0322.37

E
xcess R

ainfall 
(m

m
)




T
im

e interval
 

(hr)




1.40        1.40 0.066 N= 1 
19.81       3.26 16.550.78 2 
112.15      2.15 38.4971.513.37 3 
335.11     1.04 25.40166.28142.396.71 4 
694.04    0.5012.32109.73331.07240.4211.33 5 
836.92   0.245.9753.21218.48559.02  6 
503.64  0.122.8925.78105.95368.90   7 
244.15 0.061.3912.4751.33178.90    8 
118.18 0.695.9924.8386.67     9 
56.85 2.9911.9441.92      10 
26.14 5.9720.17       11 
10.08 10.08        12 

Total = 

2958.47 
          

١٥F٣E 
Unit Hydrograph Ordinates 

8 7 6 5 4 3 2 1 

Total 

Direct  

Runoff 

(m3/s) 
 

0.93 1.87 3.90 8.06 16.65 34.34 52.03 22.37 

E
xc

es
s 

R
ai

nf
al

l 
(m

m
)

 

T
im

e 
in

te
rv

al
 

(h
r)




٣٣}١        ٣٣}١ 0.066 N= 1 

٨٤}١٨       ١٠}٣ ٧٤}١٥0.78 2 

٦٦}١٠٦     ٠٥}٢ ٦٠}٣٦٠١}٦٨3.37 3 

٦٨}٣١٨    ٩٩}٠ ١٦}٢٤١٢}١٥٨٤١}١٣٥6.71 4 

٠٣}٦٦٠   ٤٨}٠٧١}١١٣٧}١٠٤٨٣}٣١٤٦٤}٢٢٨11.33 5 

٨٩}٧٩٥  ٢٣}٠٦٧}٥٥٨}٥٠٦٠}٥٣١ ٨١}٢٠٧  6 

٩٧}٤٧٨ ١١}٠٧٥}٢٥٠}٢٤٧٢}١٠٠٨٩}٣٥٠   7 

٠٨}٢٣٢0.06 ٣٢}١٨٦}١١٧٨}٤٨٠٦}١٧٠    8 



 

 
٢٤٤אאאאאא 

Kאא JKKאא 

Unit Hydrograph Ordinates 
8 7 6 5 4 3 2 1 

Total 

Direct  

Runoff 

(m3/s) 
 

0.93 1.87 3.90 8.06 16.65 34.34 52.03 22.37 
E

xc
es

s 
R

ai
nf

al
l 

(m
m

)
 

T
im

e 
in

te
rv

al
 

(h
r)




٣٥}١١٢٦٦}٠ ٧٠}٥٦٢}٢٣٣٧}٨٢     9 

٠٥}٥٤ ٨٣}٢ ٣٤}١١٨٨}٣٩      10 

٧٩}٢٤ ٦٤}٥ ١٥}١٩       11 

٥٢}٩ ٥٢}٩         12 

Total = 

١٩}٢٨١٣ 
          

F١٦E 
Unit Hydrograph Ordinates (m3/s) (SCS method)

8 7 6 5 4 3 2 1 
Total 

Direct  

Runoff 

(m3/s) 
 

0.430.861.793.717.65 15.7823.9110.28

E
xcess R

ainfall 
(m

m
)


T

im
e interval

 
(hr)



0.68        0.68 0.066 N= 1 
9.60       1.58 8.02 0.78 2 

54.33      1.04 18.6534.643.37 3 
162.37     0.50 12.3180.5868.986.71 4 
336.30    0.245.97 53.18160.44116.4711.33 5 
405.57   0.122.8925.78105.88270.90  6 
244.08  0.061.4012.5051.33178.79   7 
118.29 0.030.676.0324.8986.67    8 
57.28 0.342.9012.0142.03     9 
27.50 1.455.7720.28      10 
12.63 2.899.74       11 
4.87 4.87        12 

Total = 

1433.50 
          

 



 

 
٢٤٥  אאא 

אאא١٤٣٩א 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
F١١Eא(A)،

(B)אאאFE 



 

 
٢٤٦אאאאאא 

Kאא JKKאא 

F١٢Eא(A)FE،
אא(B)(SCS)אאא

 
אאF١٧EאF١٣Eא

אאFאEStorm hydrograph peak flows
א،אאאאא

Synthetic Unit Hydrographא،
אא،אאאא

אW 
F١٧EאF٣LאEא

אאאאאא 
 

אאא 
١٠٠٥٠٢٥١٠א٥א

א 

٥٠}٥٨٩١٢}٣٤٩٣٤}١٧٥٥٨}٤٠ ٤٣}٣ 1-hr 
٠٢}٥٥٩٠٧}٣٣١٢٨}١٦٦٤٩}٣٨ ٢٦}٣ 2-hr 
٦٠}٥٣١٨٣}٣١٤١٢}١٥٨٦٠}٣٦ ١٠}٣ 3-hr 
٠٤}٥٦٠٦٧}٣٣١٥٨}١٦٦٥٦}٣٨ ٢٦}٣ א

Snyder

٩٠}٢٧٠٤٣}١٦٠٥٨}٨٠٦٥}١٨ ٥٨}١ SCS 

١ Jאאאא
(Snyder’s Model)אאאF٥،١٠،٢٥،٥٠،١٠٠

E٢٦}٣٣L،٥٦}٣٨א٣L،٥٨}١٦٦א٣L،٦٧}٣٣١א
٣L،٠٤}٥٦٠א٣LאאאK 



 

 
٢٤٧  אאא 

אאא١٤٣٩א 

٢ Jאאאאאא
א(SCS’s Model)אאא٥٨}١

٣L،٦٥}١٨א٣L،٥٨}٨٠א٣L،٤٣}١٦٠א٣L،א
٩٠}٢٧٠٣LאאאK 

٣ Jאאאא??
אאאאא
אאא،אאא

אא،א
،אא??

א،אא
א(Cp & Ct)אאאאא

אאFאEאא،אא
א،אאאאא،א
،אא
אאאאא

אאK 



 

 
٢٤٨אאאאאא 

Kאא JKKאא 

 

 
 
 
 
 
 
 
 
 

F١٣Eאאאאא
SnyderאSCS 

 
אאאאא

א 
אאאאאא

אאאW 
١ Jאא٥٠}٥٥٤،א

אאFאאE٥١،א
אאאאא٩٤}٧٢

אאא،א



 

 
٢٤٩  אאא 

אאא١٤٣٩א 

א٥٠}٤٥אאא،א
אא،٢٢}٠א،٢٦}٠،

،אאאאא
،אאאאאא،א

K 
٢ Jאאאא٢٥١،א

א،אא،א٥٥}٣،١٤}٠،
٧٤}٤אאא،אאאא

،אא،א
،אאא،אא
אאאאא

אK 
٣ Jאאאא٦٤٪،

אא٣٦٪،אא
אFאאEא

א،אאא
אאאאK 

٤ Jא،אא
٠٢}٢ J٥٩}٤L٢،٣٣}٣L٢،

אאא
אאא،אא٠٤}٠ J٥٠}٤



 

 
٢٥٠אאאאאא 

Kאא JKKאא 

אL٢،٨٨}١אL٢א،
א،אא
א،אא
،אא

אא،
،א،אאאאא

אאK 
٥ JאאFאE٢٠}١٨

א،،،א
٣٧}١٨،٣٧}١٩،٣٧}٢٠،אא

א٠٣}٥٢א٣L،א٣٤}٤٩א
٣L،א٩٢}٤٦א٣Lאא

K 
٦ JאאאFאSCSE

١٤}٣٢אא،٤٢}٢١،
אא٩١}٢٣٣LאK 

אאאאא
אאא

אאאאSCS،
א،אאאא
אאאאאאא



 

 
٢٥١  אאא 

אאא١٤٣٩א 

אאאאאאK
אאאאא٥٠٠٣L،א

אאא١٠٤٠٣LאK 
 

*������*������*� �
 



 

 
٢٥٢אאאאאא 

Kאא JKKאא 

א 
אאא

٨٣}٢٩،אא
אא،אאא
א،אאא

אאא
אInitial abstraction

א،אא
אא،אא

אאKאאא،
א،א

אא،אFא
אאאאאא

אE،א،אא
אאאא
אא،אאא
אא،אא

אאא
،K 
*������*������*� �

 



 

 
٢٥٣  אאא 

אאא١٤٣٩א 

אW 
-א،א،א،٢٠١٣אWא

،אאאאאא
אא،א،אאא٣٨٨. 

- א،א،א،א٢٠١٦Wא
אאאאא

،אאא،אאא٩٢K 
 J،אאF٢٠٠٢E،אאאא

אאא–،אאאא،א
אK 

 J،F٢٠٠٧Eא
،אאא،אאאאF٢١E،

א،אאאאK 
 J،F١٩٨٠Eאא

،אא،א،אא٧א،
١،K٩٧ J١٣٢K 

 J،F١٩٨٢Eא،אאא
،אאא،אאאא،אא

K٣٩ J٨٠K 
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