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Ctmferente on

Acceptance Letter and invitation to the Conference

June 10, 2011

Daar
wear

| am pleased to inform you that the call for abstract for the 5th International conference on Flood
Management (ICFM5) to be held in Tokyo, Japan from 27 to 29 September 2011 has achieved an

unavnercted cliccece Tha ICEME Carratariat racsivad 226 ahetracte fram BN natinne rav

v ring 3
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topic areas of the Conference and the International Technical Committee (ITC) reviewed all
submitted abstracts about the relevance according the ICFM5 objectives.
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CHECKDAM CONSTRUCTION IN MITIGATION OF FLOOD HYDROGRAPH CHARACTERISTICS USING
HYDROLOGICAL MODELING IN NORTH-WEST OF TEHRAN, IRAN" is accepted and | would like to
invite you for Poster presentation at ICFM5 in Tokyo from 27 to 29 September 2011. According to
your abstract content, it should be presented in the topic 1. Please feel free to let us know whether
you think another topic would be more appropriate. Your abstract has been assigned the reference
code [-1-322. Please include this code in all further correspondence.

Please let me take the opportunity and explain the current situation after the Great East Japan
Earthquake and Tsunami Disasters on March 11. | am pleased to inform and assure you the situation
in Tokyo and Tsukuba has been quite fine and everything is normal. We see no obstacles to organize
a successful Conference in Tokyo with your important contribution. | would also like to inform you
the following modification to the original program of ICFM5:

1. We add Tsunami and other mega-disaster components to the program organizing some special
sessions “Coping with Water-related Mega Disasters” to respond to the Great East Japan Earthquake
and Tsunami Disasters. As time is limited, the speakers will be selected on invitation basis. For this
purpose some high-level national and international officials may be invited for the conference.

2. In this connection, holding the conference in Tokyo is preferable. It would also help promoting
more participants internationally as well as nationally. Therefore we move the venue of ICFM5 from
Tsukuba to Tokyo at UNU (United Nations University) in Aoyama for the 1st day and at UDX in
Akihabara for the 2nd and the 3rd day.

For more information on the Conference venue and online registration, please visit ICFM5 website
at: http://www.ifi-home.info/icfm-icharm/icfm5.html

Please do not hesitate to contact ICFM5 Secretariat should you have any inquiries. We thank you
again for contribution to ICFM5, and look forward to seeing you.

Sincerely yours,

ek

Kuniyoshi Takeuchi
ICHARM Director and ICFM5 Co-chair

ICFMS Secretariat: International Centre for Water Hazard and Risk Management (ICHARM) under the auspices of UNESCO
Public Works Research Institute (PWRI)
Address: 1-6 Minamihara, Tsukuba, Ibaraki, 305-8516, Japan

Tel: +81-29 879 6809  Fax: +81-29 879 6709 . ((L
E-mail: info@ifi-home.info or icharm@pwri.go.jp
URL: http://www.ifi-home.infoficfm-icharm/icfm5.html

ICHARM




INVESTIGATING THE EFFECTS OF CHECKDAM CONSTRUCTION IN MITIGATION OF
FLOOD HYDROGRAPH CHARACTERISTICS USING HYDROLOGICAL MODELING IN
NORTH-WEST OF TEHRAN, IRAN

Narjes Salarian

Saeed Golian, Ahmad Ahmadi

School of civil and Architectural Eng., Shahrood University of Technology, Shahrood, Iran

Checkdams are small dams with very simple and relatively inexpensive structures and as they do not
require any complicated technology or special materials for construction, they have many applications
in flood and sediment control projects.

In the present study, the effects of applying checkdams in reducing peak discharges and increasing
time to peak is investigated in Kan basin (approximately 250 km2 area). This basin is located in north-
west of Tehran where there are many recreational centres and Holy Shrines in the area, therefore it

hag an imnartant and cancgitiva nagitinn for daciginn makarg Ag thic araa hag ancniintarad with gnma
nas an impenant and Sensiuve posiuCn 107 GECISICN MaKktis. AS WS arca nas SnCunicred Wiin sCme

devastating floods in the last decades, it is vital to implement appropriate flood control measures.

Using hydrological modeling, the effects of checkdam construction in mitigation of flood characteristics
were evaluated in three scenarios. In the first scenario, the slope of upper sub-basins was considered
to be reduced by half of the initial slope after checkdam construction. The slopes were reduced to a
tenth and a hundredth of the initial slopes for the second and third scenarios, respectively. Results
revealed that in the first scenario, checkdams have no effects in reducing peak discharges and
increasing time to peak. But in the second scenario, it decreased the peak discharges between 0.5
and 3.5 percent and this reduction was between 3.9 to 10.6 percent in the third scenario. Also by
using checkdams, the time to peak of hydrographs were postponed between 10 and 20 minutes and
10 to 50 minutes in the second and third scenarios, respectively. These values could be very effective
in reducing flood damages for sub-basins in mountainous area with small time of concentration.
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ELV | S Z A | A*1000m? | V(m®) | Quu=(yc2> g* 2%/2)%°
0.25 | 0253 | 0.5 | 04941 | 0.0005 | 0.041 0
05 | 0253 | 05 | 1.9763 | 0.0020 | 0.329 0
07 | 0253 | 05 | 38735 | 0.0039 | 0.904 0
08 | 0253 | 05 | 50593 | 00051 | 1349 0 0
09 | 0253 | 05 | 64032 | 0.0064 | 1921 0 S
1 | 0253 | 05 | 79051 | 0.0079 | 2.635 0 3
15 | 0253 | 05 | 7.9050 | 0.0079 | 8.893 1.268 S
2 | 0253 | 05 | 79050 | 0.0079 | 8.893 1.395
3 | 0253 | 05| 79050 | 0.0079 | 8893 1.597
4 | 0253 | 05 | 7.9050 | 0.0079 | 8.893 1.758
5 | 0253 | 05 | 7.9050 | 0.0079 | 8893 1.894
6 | 0253 | 05 | 79050 | 0.0079 | 8.893 2.012
ELV | S Z A | A*1000m? | V(m®) | Qouu=(yc2> g* Z%/2)%°
0.25 | 0.3479| 05 | 0.359 | 0.0004 | 0.030 0
05 | 03479 | 05 | 1.437 | 00014 | 0.240 0
0.7 | 03479 | 05 | 2.817 | 00028 | 0.657 0
0.8 |0.3479| 05 | 3679 | 00037 | 0.981 0 -
09 |0.3479| 05 | 4656 | 00047 | 1.397 0 3
1 |03479| 05 | 5748 | 00057 | 1916 0 3
15 | 03479 | 05 | 574 | 00057 | 6.467 1.268 S
2 103479| 05 | 574 | 0.0057 | 6.466 1.395
3 |03479| 05 | 574 | 00057 | 6.466 1.597
4 |03479| 05 | 574 | 00057 | 6.466 1.758
5 |03479| 05 | 574 | 0.0057 | 6.466 1.894
6 |03479| 05 | 574 | 0.0057 | 6.466 2.012
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ELV | S Z A | A*1000m? | V(M?) | Qou=(y >+ gr2%/2)%°
0.25 | 04213 | 05 | 0.297 | 0.0003 | 0.025 0
05 |04213| 05 | 1187 | 00012 | 0.198 0
0.7 | 04213 | 05 | 2326 | 0.0023 | 0543 0
0.8 |0.4213| 05 | 3038 | 00030 | 0.810 0
09 |04213| 05 | 3845 | 00038 | 1.154 0 3
1 |04213| 05 | 4747 | 00047 | 1582 0 3
15 | 04213 | 05 | 4474 | 00045 | 5.341 1.268 5
2 |04213| 05 | 4474 | 0.0045 5.34 1.395
3 |04213| 05 | 4474 | 0.0045 5.34 1.597
4 |04213| 05 | 4474 | 0.0045 5.34 1.758
5 |04213| 05 | 4474 | 0.0045 5.34 1.894
6 | 04213 | 05 | 4474 | 0.0045 5.34 2.012
ELV | S Z A | A*1000m? | V(M?) | Qou=(y >+ gr2%/2)%°
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L=the distance such that points A
and B are of equal elevation

Courtesy of. Pitt & Clark, 2002
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AREA
SUB BASIN (km?) TC STORAGE COEFF

S1 3.1692 0.2258 0.2258
S10 0.8512 0.16613 0.16613
S100 1.2616 0.18023 0.18023
S101 0.7556 0.19051 0.19051
S102 0.3428 0.11572 0.11572
S103 0.802 0.1791 0.1791
S104 1.2688 0.28842 0.28842
S105 0.804 0.14922 0.14922
S106 1.7708 0.33377 0.33377
S107 2.5356 0.31187 0.31187
S108 0.6496 0.14877 0.14877
S109 1.0248 0.208 0.208
S11 2.1452 0.26945 0.26945
S110 0.6332 0.22423 0.22423
S111 2.8016 0.32817 0.32817
S112 2.1468 0.31223 0.31223
S113 0.998 0.13474 0.13474
S114 0.5236 0.11215 0.11215
S115 0.3876 0.20528 0.20528
S116 0.5752 0.16055 0.16055
S117 0.8112 0.22753 0.22753
S118 0.4236 0.13946 0.13946
S119 0.7896 0.19927 0.19927
S12 0.692 0.15942 0.15942
S120 0.2548 0.10344 0.10344
S121 0.7356 0.1604 0.1604
S122 1.1424 0.20153 0.20153
S123 1.7112 0.27626 0.27626
S124 1.3616 0.22917 0.22917
S125 0.3896 0.12225 0.12225
S126 245 0.36825 0.36825
S127 1.6648 0.23623 0.23623
S128 1.576 0.30613 0.30613
S129 0.7336 0.19332 0.19332
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AREA
SUBBASIN | (km?) TC STORAGE COEFF
S13 2.404 0.29107 0.29107
S130 1.824 0.19107 0.19107
S131 07632 | 0.13757 0.13757
S132 0.6076 | 0.16652 0.16652
S133 058 0.16604 0.16604
S134 14136 | 0.25035 0.25035
S135 0.6568 | 0.20468 0.20468
S136 05868 | 0.17952 0.17952
S137 1.3004 | 0.22665 0.22665
S138 03116 | 0.13127 0.13127
S139 1.1608 | 0.19682 0.19682
S14 05612 | 0.14305 0.14305
S140 0.8 0.23432 0.23432
S141 051 0.18298 0.18298
S142 1.036 0.21192 0.21192
S143 09992 | 0.24445 0.24445
S144 0.992 0.21265 0.21265
S145 07148 | 0.15352 0.15352
S146 05908 | 0.18295 0.18295
S147 0.3296 0.1023 0.1023
S148 1.9072 | 0.24302 0.24302
S149 0.5608 0.1439 0.1439
S15 26268 | 0.33378 0.33378
S150 06692 | 0.15217 0.15217
S151 0.8076 0.1699 0.1699
S152 1.3072 0.1958 0.1958
S153 05116 | 0.14306 0.14306
S154 05508 | 0.13424 0.13424
S155 02668 | 0.10636 0.10636
S156 04948 | 0.14242 0.14242
S157 06756 | 0.13232 0.13232
S158 1.2072 | 0.23118 0.23118
S159 1.1184 0.1907 0.1907
S16 06392 | 0.15424 0.15424
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AREA
SUB BASIN (km?) TC STORAGE COEFF

S160 1.9308 0.56303 0.56303
S161 0.8072 0.21699 0.21699
S162 1.0532 0.16553 0.16553
S163 0.6468 0.23093 0.23093
S164 1.8944 0.2198 0.2198

S165 1.2084 0.22185 0.22185
S166 1.0564 0.23993 0.23993
S167 1.6408 0.2214 0.2214

S168 1.3488 0.17909 0.17909
S169 0.676 0.132235 0.132235
S17 0.564 0.14307 0.14307
S170 1.204 0.18082 0.18082
S171 0.3468 0.130135 0.130135
S172 0.6 0.166105 0.166105
S173 0.3352 0.135605 0.135605
S174 1.3328 0.26325 0.26325
S175 0.1412 0.1099 0.1099

S176 0.1576 0.10174 0.10174
S177 1.0148 0.18338 0.18338
S178 0.5828 0.18565 0.18565
S179 0.2924 0.13839 0.13839
S18 0.9556 0.239 0.239

$180 0.7112 0.18422 0.18422
S181 0.3548 0.13704 0.13704
S182 0.7296 0.16783 0.16783
5183 0.8288 0.17678 0.17678
S184 0.5484 0.16815 0.16815
S185 0.1324 | 0.066065 0.066065
S186 0.5896 0.136985 0.136985
S187 2.228 0.31138 0.31138
$188 0.5272 0.15694 0.15694
$189 4.8068 0.44998 0.44998
S19 1.6288 0.25757 0.25757
S190 0.6808 0.14652 0.14652
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AREA
SUB BASIN (km?) TC STORAGE COEFF

S191 0.4912 0.13419 0.13419
S192 0.6192 0.1359 0.1359
S193 0.7668 0.13317 0.13317
S194 0.8496 0.14638 0.14638
S195 2.2672 0.37842 0.37842
S196 0.6752 0.14486 0.14486
S197 0.7388 0.20135 0.20135
S198 2.276 0.39847 0.39847
S199 2.8156 0.32278 0.32278

S2 0.162 0.13715 0.13715
S20 0.6692 0.13135 0.13135
S200 2.8144 0.4123 0.4123
S201 0.808 0.3409 0.3409
S202 0.8 0.31115 0.31115
S203 0.3432 0.35642 0.35642
S204 0.4408 0.32338 0.32338
S205 0.1044 0.0610117 0.0610117
S206 0.5176 0.21577 0.21577
S207 0.1096 0.10152 0.10152
S208 0.0624 0.0548483 0.0548483
S21 0.8684 0.162385 0.162385
S210 0.0888 0.0896617 0.0896617
S211 0.0348 0.04887 0.04887
S212 0.1 0.0687567 0.0687567
S213 0.0448 0.037555 0.037555
S215 0.052 0.0575917 0.0575917
S217 0.5296 0.017 0.017
S218 0.5508 0.0940483 0.0940483
S219 0.5692 0.11982 0.11982
S22 1.298 0.15842 0.15842
S220 0.3104 0.10976 0.10976
S221 0.0312 0.1302 0.1302
S222 0.048 0.0263533 0.0263533
S223 0.056 0.0934233 0.0934233

YA
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AREA
SUB BASIN (km?) TC STORAGE COEFF
S224 0.1692 | 0.0860333 0.0860333
S226 0.0324 | 0.047875 0.047875
S227 0.5408 0.16982 0.16982
S228 0.6268 0.12653 0.12653
S229 0.4788 0.14437 0.14437
S23 0.9564 0.18132 0.18132
S230 0.5808 0.42523 0.42523
S231 0.0168 | 0.0874033 0.0874033
S232 0.0392 0.05424 0.05424
S24 1.3276 0.17717 0.17717
S25 1.974 0.30068 0.30068
S26 0.7056 0.16036 0.16036
S27 1.6512 0.20922 0.20922
S28 0.382 0.10687 0.10687
S29 1.952 0.23192 0.23192
3 1.2548 0.17418 0.17418
S30 0.7784 | 0.157945 0.157945
S31 0.5832 0.12441 0.12441
S32 0.976 0.15708 0.15708
S33 0.8392 0.14329 0.14329
S34 1.9572 0.24998 0.24998
S35 0.7928 0.16086 0.16086
S36 0.8696 0.16523 0.16523
S37 0.8252 0.18157 0.18157
S38 2.0956 0.31668 0.31668
S39 0.9992 0.18333 0.18333
4 1.7484 0.17565 0.17565
40 0.4464 0.1325 0.1325
1 0.4272 0.11891 0.11891
42 1.2764 0.17625 0.17625
43 0.738 0.16439 0.16439
44 1.0396 0.14731 0.14731
45 0.488 0.0916417 0.0916417
46 0.1704 | 0.0727317 0.0727317
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AREA
SUB BASIN (km?) TC STORAGE COEFF

s47 1.7156 0.21685 0.21685
$48 1.9292 0.20157 0.20157
$49 2.8588 0.3691 0.3691

S5 1.2764 0.56303 0.56303
S50 1.4444 0.2342 0.2342

S51 0.6792 0.24553 0.24553
S52 0.5856 0.11612 0.11612
S53 0.6624 0.12179 0.12179
Sb4 0.83 0.12869 0.12869
S55 0.2872 0.10631 0.10631
S56 2.4852 0.23838 0.23838
S57 1.54 0.19538 0.19538
S58 1.0148 0.17519 0.17519
S59 0.8388 0.129205 0.129205
S6 1.352 0.19273 0.19273
S60 0.182 0.077655 0.077655
S61 0.2044 0.07421 0.07421
S62 0.7828 0.14098 0.14098
S63 0.8672 0.1193 0.1193

S64 0.7736 0.15139 0.15139
S65 1.4352 0.18868 0.18868
S66 0.8128 0.18567 0.18567
S67 0.7736 0.15106 0.15106
S68 0.5312 0.13111 0.13111
S69 0.7104 0.12136 0.12136
S7 2.7432 0.27072 0.27072
S70 0.416 0.11939 0.11939
s71 0.2796 0.0847 0.0847

S72 0.2464 | 0.099125 0.099125
S73 1.0708 0.18078 0.18078
S74 1.0536 0.18097 0.18097
S75 0.6216 0.15419 0.15419
S76 0.894 0.18252 0.18252
S77 2.024 0.20435 0.20435

AR
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AREA
SUB BASIN (km?) TC STORAGE COEFF
S78 0.8204 0.1553 0.1553
S79 0.7664 0.1685 0.1685
8 1.2944 0.15557 0.15557
S80 0.388 0.14431 0.14431
81 0.26 0.11388 0.11388
S82 0.3304 | 0.129595 0.129595
S83 0.568 0.16128 0.16128
S84 0.2076 | 0.0777267 0.0777267
S85 1.1296 0.18138 0.18138
S86 2.1608 0.2944 0.2944
S87 1.1416 0.19153 0.19153
S88 1.67 0.28387 0.28387
S89 1.0116 0.16707 0.16707
S9 0.6712 0.13598 0.13598
S90 0.56 0.13839 0.13839
s91 1.2116 0.1525 0.1525
S92 1.1412 0.16654 0.16654
S93 1.7472 0.22322 0.22322
S94 1.218 0.22096 0.22096
S95 1.154 0.1795 0.1795
S96 0.8672 0.16845 0.16845
S97 0.9032 0.20775 0.20775
S98 0.612 10.485 0.17475
S99 0.5932 8.3485 8.3485

b ad9> 05 (s piudsis 5 adsl il o CN o V-0 Jgo

permi-
cn 1000/cn S la perc
Sl 81.2973 | 12.30053 | 58.43349 | 11.6867 0
S10 80.896 | 12.36155 | 59.98337 | 11.99667 0
S100 83.175 | 12.02284 | 51.38021 | 10.27604 [ 51.403




b ad5> 125 (5 pdydois g adgl il § CN g o -V-0 Jgazr 4l

permi-
cn 1000/cn S la perc
S101 78.4567 | 12.74588 | 69.74544 | 13.94909 7.274
S102 | 83.6395 | 11.95607 | 49.68425 | 9.936851 0
S103 81.4651 | 12.27519 | 57.78995 | 11.55799 5.844
S104 | 83.6275 | 11.95779 | 49.72783 | 9.945567 | 32.055
S105 [ 83.0498 | 12.04097 | 51.8406 | 10.36812 0
S106 83.368 | 11.99501 | 50.67327 | 10.13465 0
S107 | 80.6701 | 12.39617 | 60.86264 | 12.17253 | 12.083
S108 | 83.6459 | 11.95516 | 49.66104 | 9.932208 | 37.35
S109 | 83.7549 | 11.9396 | 49.26585 | 9.853169 | 23.49
S11 81.707 | 12.23885 [ 56.86688 | 11.37338 | 0.1154
S110 [ 80.5616 | 12.41286 | 61.28669 | 12.25734 | 1.572
S111 | 80.0532 | 12.49169 | 63.289 | 12.6578 9.676
S112 | 80.3642 | 12.44335 | 62.06114 | 12.41223 | 11.644
S113 81.3967 | 12.28551 | 58.05197 | 11.61039 61.55
S114 | 75.9363 | 13.16893 | 80.49087 | 16.09817 | 67.023
S115 [ 65.2786 | 15.31896 | 135.1015 | 27.02029 | 11.853
S116 | 79.6881 | 12.54893 | 64.74271 | 12.94854 | 10.57
S117 | 81.3533 | 12.29206 | 58.21843 | 11.64369 | 18.63
S118 [ 80.8724 | 12.36516 | 60.07502 [ 12.015 21.614
S119 82.2713 | 12.15491 | 54.73463 | 10.94693 | 22.261
S12 79.8688 | 12.52053 | 64.02157 | 12.80431 | 29.083
S120 77.0698 | 12.97525 | 75.57137 | 15.11427 0.968
S121 | 71.2512 | 14.03485 | 102.4852 | 20.49705| 50.38
S122 72,981 | 13.7022 | 94.03578 | 18.80716 [ 21.083
S123 | 77.7724 | 12.85803 | 72.59401 | 14.5188 43.65
S124 | 83.4248 | 11.98684 | 50.46583 | 10.09317 | 63.12
S125 77.01 [ 1298533 | 75.82729 | 15.16546 79.07
S126 80.526 | 12.41835| 61.42607 | 12.28521 | 43.33
S127 80.268 | 12.45827 | 62.43993 | 12.48799 | 56.94
S128 84 11.90476 | 48.38095 | 9.67619 7.123
S129 [ 79.4492 | 12.58666 | 65.70113 | 13.14023 | 64.79
S13 81.1009 | 12.33032 | 59.19012 | 11.83802 [ 7.058
S130 [ 80.6643 | 12.39706 | 60.88528 | 12.17706 | 65.227
S131 [ 83.0971 | 12.03411 | 51.66651 [ 10.3333 | 61.254




b ad5> 125 (5 pdydois g adgl il § CN g o -V-0 Jgazr 4l

permi-
cn 1000/cn S la perc
S132 | 78.6913 | 12.70789 | 68.78029 | 13.75606 | 32.43
S133 | 81.2124 | 12.31339 | 58.76011 | 11.75202 8.82
S134 | 78.3544 | 12.76252 | 70.16813 | 14.03363 | 17.26
S135 [ 79.8198 | 12.52822 | 64.21678 | 12.84336 | 16.87
S136 | 80.9234 | 12.35736 | 59.87707 | 11.97541 3.92
S137 | 81.2215 | 12.31201 | 58.72509 | 11.74502 4.6
S138 74.74 | 13.37972 | 85.8448 | 17.16896 | 26.86
S139 79.1114 | 12.6404 | 67.06626 | 13.41325 0
S14 80.5486 | 12.41487 | 61.33758 | 12.26752 5.187
S140 815 12.26994 | 57.65644 | 11.53129 10.25
S141 | 73.4231 | 13.61969 | 91.94016 | 18.38803 0
S142 | 83.6201 | 11.95885 | 49.75471 | 9.950942 0
S143 79.6577 | 12.55371 | 64.86434 | 12.97287 4.014
S144 | 76.5096 | 13.07026 | 77.98449 | 15.5969 20.22
S145 | 82.2148 | 12.16326 | 54.94682 | 10.98936 | 24.019
S146 | 83.0631 | 12.03904 | 51.79161 | 10.35832 | 0.3054
S147 84 11.90476 | 48.38095 | 9.67619 17.74
S148 83.173 | 12.02313 | 51.38758 | 10.27752 [ 29.52
S149 [ 83.1687 | 12.02375 | 51.40335 | 10.28067 | 12.306
S15 79.276 | 12.61416 | 66.39961 | 13.27992 | 68.0514
S150 | 76.1664 | 13.12915 | 79.48039 | 15.89608 | 29.907
S151 | 83.0816 | 12.03636 | 51.72354 | 10.34471 5.37
S152 | 83.9312 | 11.91452 | 48.62883 | 9.725765 17.9
S153 | 77.3564 | 12.92718 | 74.35034 | 14.87007 9.33
S154 | 83.7462 | 11.94084 | 49.29734 | 9.859468 9.12
S155 | 83.7482 | 11.94056 | 49.2901 | 9.858021 0
S156 [ 79.8524 | 12.5231 | 64.08686 | 12.81737 | 23.32
S157 | 72.0538 | 13.87852 | 98.51436 | 19.70287 0
S158 [ 78.1993 | 12.78784 | 70.81108 | 14.16222 | 3.152
S159 [ 79.3378 | 12.60433 | 66.15005 | 13.23001 0
S16 78.9331 | 12.66896 [ 67.7915 | 13.5583 79.94
S160 | 76.9968 | 12.98755 | 75.88383 | 15.17677 7.96
S161 [ 73.1523 | 13.67011 [ 93.22081 | 18.64416 | 55.95

Y



b ad5> 125 (5 pdydois g adgl il § CN g o -V-0 Jgazr 4l

permi-
cn 1000/cn S la perc
S162 | 70.1753 | 14.25003 | 107.9507 | 21.59014 | 95.93
S163 | 83.6496 | 11.95463 | 49.64761 | 9.929522 | 91.15
S164 | 84.0053 | 11.90401 | 48.36187 | 9.672374 8.58
S165 | 75.3337 | 13.27427 | 83.16649 | 16.6333 0
S166 | 78.2003 | 12.78767 | 70.80693 | 14.16139 0
S167 | 83.5914 | 11.96295 | 49.85901 | 9.971802 0
S168 80.544 | 12.41557 | 61.35558 | 12.27112 28.43
S169 [ 80.2654 | 12.45867 | 62.45016 | 12.49003 | 38.62
S17 80.7867 | 12.37828 | 60.4082 | 12.08164 [ 87.832
S170 [ 77.9821 | 12.82346 | 71.71577 | 14.34315 | 27.77
S171 | 82.0962 | 12.18083 | 55.39313 | 11.07863 0.58
S172 | 79.4365 | 12.58867 | 65.75225 | 13.15045 0
S173 | 80.0127 | 12.49802 | 63.44959 | 12.68992 0
S174 | 72.8615 | 13.72467 | 94.60658 | 18.92132 0
S175 | 83.8179 | 11.93063 | 49.03789 | 9.807578 0
S176 | 79.7309 | 12.54219 | 64.57158 | 12.91432 0
S177 | 70.7893 | 14.12643 | 104.8113 | 20.96226 0
S178 [ 76.9122 | 13.00184 | 76.24669 | 15.24934 0
S179 | 83.0699 | 12.03805 | 51.76659 | 10.35332 0
S18 83.0741 | 12.03745 | 51.75114 | 10.35023 | 21.52
S180 [ 71.0513 | 14.07434 | 103.4882 [ 20.69764 0
S181 [ 79.9736 | 12.50413 | 63.6048 | 12.72096 0
S182 | 81.2589 | 12.30634 | 58.58115 | 11.71623 0
S183 | 83.2889 | 12.0064 | 50.9626 | 10.19252 0
S184 68.3505 | 14.63047 | 117.6139 | 23.52279 11.93
S185 | 83.4579 | 11.98209 | 50.34506 | 10.06901 0
S186 | 81.2529 | 12.30725 | 58.60423 | 11.72085 0
S187 74.736 | 13.38043 | 85.86298 | 17.1726 0
S188 [ 80.4195 | 12.43479 | 61.84379 | 12.36876 0
S189 [ 83.2599 | 12.01058 | 51.06882 | 10.21376 0
S19 78.728 | 12.70196 | 68.62983 | 13.72597 [ 87.382
S190 | 83.9355 | 11.91391 | 48.61331 | 9.722663 0
S191 [ 77.5191 | 12.90005 | 73.6612 | 14.73224 0
S192 | 86.2693 | 11.59161 | 40.42686 | 8.085373 0

AR



b ad5> 125 (5 pdydois g adgl il § CN g o -V-0 Jgazr 4l

permi-
cn 1000/cn S la perc
S193 82.1274 | 12,1762 | 55.27558 | 11.05512 0
S194 80.6202 | 12.40384 | 61.05751 | 12.2115 0
S195 82.0936 | 12.18122 | 55.40294 | 11.08059 0
S196 80.5407 | 12.41608 | 61.36849 | 12.2737 0
S197 77.7086 | 12.86859 | 72.86214 | 14.57243 0
S198 82.955 | 12.05473| 52.1901 | 10.43802 0
S199 81.7825 | 12.22755 | 56.57989 | 11.31598 0
S2 82.2896 | 12.1522 | 54.66599 | 10.9332 0
S20 81.7956 | 12.2256 | 56.53015| 11.30603 | 12.62
S200 80.717 | 12.38896 | 60.67967 | 12.13593 0
S201 83.2249 [ 12.01563 | 51.19713 | 10.23943 0
S202 81.1579 [ 12.32166 | 58.97016 | 11.79403 0
S203 77.5784 | 12.89019 | 73.41072 | 14.68214 0
S204 76.02 13.15443 | 80.12261 | 16.02452 0
S205 80.0912 | 12.48577 | 63.13845 | 12.62769 | 16.018
S206 81.166 | 12.32043 | 58.93892 | 11.78778 8.18
S207 78.1888 | 12.78956 | 70.85472 | 14.17094 0
S208 83.8156 | 11.93095 | 49.04622 | 9.809244 0
S21 78.7365 [ 12.70059 | 68.59497 | 13.71899 0
S210 71.7619 | 13.93497 | 99.94826 | 19.98965 0
S211 79.6657 | 12.55245 | 64.83231 | 12.96646 0
S212 81.851 |12.21732 | 56.31998 | 11.264 0
S213 78.8241 | 12.68648 | 68.23649 | 13.6473 0
S215 72.622 | 13.76993 | 95.75626 | 19.15125 0
S217 79.3836 | 12.59706 | 65.96534 | 13.19307 0
S218 | 79.18496 | 12.62866 | 66.76798 | 13.3536 0
S219 80.0693 | 12.48918 | 63.22521 | 12.64504 0
S22 68.89863 | 14.51408 | 114.6576 | 22.93151 0
S220 82.4647 | 12.1264 | 54.01058 | 10.80212 | 2.3391
S221 82.0749 | 12.18399 | 55.47343 | 11.09469 | 43.47
S222 80.135 | 12.47894 | 62.96511 | 12.59302 0
S223 69.5837 | 14.37118 | 111.028 | 22.2056 0
S224 82.4647 | 12.1264 | 54.01058 | 10.80212 8.32
S226 78.9916 | 12.65957 | 67.55318 | 13.51064 0




b ad5> 125 (5 pdydois g adgl il § CN g o -V-0 Jgazr 4l

permi-
cn 1000/cn S la perc
S227 | 79.7972 | 12.53177 | 64.3069 | 12.86138 | 0.0708
S228 80.602 | 12.40664 | 61.12867 | 12.22573 2.15
S229 75.606 | 13.22646 | 81.95216 | 16.39043 27.42
S23 78.9686 | 12.66326 | 67.64684 | 13.52937 0
S230 | 81.3661 | 12.29013 | 58.16933 | 11.63387 | 86.167
S231 | 74.9858 | 13.33586 | 84.73079 | 16.94616 0
S232 | 83.7101 | 11.94599 | 49.42815 | 9.88563 9.74
S24 80.0693 | 12.48918 | 63.22521 | 12.64504 0
S25 79 12.65823 | 67.51899 | 13.5038 0
S26 76.585 | 13.05739 | 77.65764 | 15.53153 0
S27 79.665 | 12.55256 | 64.83512 | 12.96702 0
S28 82.2021 | 12.16514 | 54.99453 | 10.99891 0
S29 80.487 | 12.42437 | 61.57891 | 12.31578 0
S3 79.53 | 12.57387 | 65.37634 | 13.07527 0
S30 79 12.65823 | 67.51899 | 13.5038 0
S31 83.6502 | 11.95454 | 49.64542 | 9.929084 0
S32 79.8378 | 12.5254 [ 64.14504 | 12.82901 | 6.808
S33 81.9075 | 12.20889 | 56.10591 | 11.22118 0
S34 77.9367 | 12.83093 | 71.90551 | 14.3811 0
S35 80.8748 | 12.36479 | 60.06568 | 12.01314 [ 7.4843
S36 81.4296 | 12.28055 | 57.92587 | 11.58517 [ 8.5496
S37 77.1519 | 12.96144 | 75.22066 | 15.04413 0
S38 77.8201 | 12.85015 | 72.39383 | 14.47877 | 4.773
S39 80.2914 | 12.45463 | 62.34772 | 12.46954 | 9.293
A 80.867 | 12.36598 | 60.096 | 12.0192 [ 0.1644
40 80.875 [ 12.36476 | 60.06491 | 12.01298 0
Al 82.0647 | 12.18551 | 55.5119 | 11.10238 0
A2 81.5867 | 12.2569 | 57.32525 | 11.46505 6.419
43 71.4497 | 13.99586 | 101.4948 | 20.29897 | 4.895
A4 80.8395 | 12.37019 | 60.20283 | 12.04057 | 7.663
45 80.0613 | 12.49043 | 63.25689 | 12.65138 0
46 78.9176 | 12.67144 | 67.85468 | 13.57094 0
A7 79 12.65823 | 67.51899 | 13.5038 0
48 80.3621 | 12.44368 | 62.06939 | 12.41388 | 35.33




b ad5> 125 (5 pdydois g adgl il § CN g o -V-0 Jgazr 4l

permi-
cn 1000/cn S la perc
49 79.6264 | 12.55865 | 64.98967 | 12.99793 [ 82.38
S5 75.0977 | 13.31599 | 84.22606 | 16.84521 | 0.562
S50 83.1284 | 12.02958 | 51.5514 | 10.31028 | 21.195
S51 81.2437 | 12.30865 | 58.63963 | 11.72793 0
S52 81.5462 | 12.26299 | 57.47986 | 11.49597 4.89
S53 74.8952 | 13.35199 | 85.14055| 17.02811 | 7.022
S54 81.9178 | 12.20736 | 56.06692 | 11.21338 1.36
S55 82.0356 | 12.18983 [ 55.62168 | 11.12434 | 15.832
S56 81.4607 | 12.27586 | 57.80679 | 11.56136 | 1.917
S57 79.8609 [ 12.52177 | 64.05301 | 12.8106 5.621
S58 81.178 | 12.31861 | 58.89265 | 11.77853 0
S59 82.303 | 12.15023 | 54.61572 | 10.92314 2.69
S6 80.4846 | 12.42474 | 61.58834 | 12.31767 | 23.27
S60 82.03091 | 12.19053 | 55.63938 | 11.12788 0
S61 79.6703 | 1255173 | 64.8139 | 12.96278 4.277
S62 84 11.90476 | 48.38095 | 9.67619 0
S63 81.6479 | 12.24771 | 57.09188 | 11.41838 | 44.457
S64 80.4448 | 12.43088 | 61.74446 | 12.34889 | 5.295
S65 80.8569 | 12.36753 | 60.13521 | 12.02704 | 23.212
S66 80.5502 | 12.41462 | 61.33131 | 12.26626 | 51.728
S67 78.6701 [ 12.71131 | 68.86728 | 13.77346| 0.128
S68 78.6708 | 12.7112 | 68.8644 | 13.77288 0
S69 78.9955 [ 12.65895 | 67.53731 | 13.50746 | 31.13
S7 79 12.65823 | 67.51899 | 13.5038 15.53
S70 78.3805 [ 12.75828 | 70.06019 | 14.01204 | 45.46
S71 66.0541 | 15.13911 | 130.5333 | 26.10666 | 70.38
S72 77.6115 | 12.88469 | 73.27107 | 14.65421 100
S73 79.7559 | 12.53826 | 64.47174 | 12.89435 91.74
S74 80.2595 | 12.45958 | 62.47344 | 12.49469 100
S75 81.7559 | 12.23153 | 56.68093 | 11.33619 | 98.77
S76 78.6744 | 12.71061 | 68.84962 | 13.76992 100
S77 80.7865 | 12.37831 | 60.40897 | 12.08179 | 76.91
S78 78.7366 | 12.70057 | 68.59456 | 13.71891 | 94.24
S79 80.8155 | 12.37386 | 60.29615 | 12.05923 100




b ad5> 125 (5 pdydois g adgl il § CN g o -V-0 Jgazr 4l
permi-
cn 1000/cn S la perc
338 79.1634 | 12.6321 | 66.85535 | 13.37107 424
S80 82.5451 | 12.11459 | 53.71058 | 10.74212 99.57
81 79 12.65823 | 67.51899 | 13.5038 82.76
82 83.3502 | 11.99757 | 50.73833 | 10.14767 100
S83 80.9734 | 12.34974 | 59.68327 | 11.93665 | 18.042
S84 80.9977 | 12.34603 | 59.58914 | 11.91783 61.27
385 77.291 | 12.93812 | 74.62817 | 14.92563 94.34
S86 72.54 13.7855 | 96.15164 | 19.23033 68.2
S87 79 12.65823 | 67.51899 | 13.5038 0
S88 80.6882 | 12.39339 | 60.79199 | 12.1584 0
S89 80.5819 | 12.40973 | 61.20725 | 12.24145 0
S9 79 12.65823 | 67.51899 | 13.5038 0
90 79.0009 | 12.65808 | 67.51532 | 13.50306 0
91 79.6248 | 12.5589 | 64.99608 | 12.99922 8.408
S92 79.2374 | 12.6203 | 66.55571 | 13.31114 | 31.89
S93 79.08 |12.64542 | 67.19372 | 13.43874 | 9.357
S94 78.9937 | 12.65924 | 67.54464 | 13.50893 [ 31.862
S95 73.4167 | 13.62088 | 91.97032 | 18.39406 0.11
S96 66.4872 | 15.04049 | 128.0284 | 25.60569 7.036
S97 82.7548 | 12.08389 | 52.93084 | 10.58617 19.03
S98 79.7786 | 12.53469 | 64.38111 | 12.87622 56.7
S99 78.1875 | 12.78977 | 70.86011 | 14.17202 | 52.301
pleleSule culys -Y-o Jsux
Muskingum | Muskingum Muskingum | Muskingum
REACH K (HR) X REACH K (HR) X
R1 0.1764 0.2 R107 0.0749 0.35
R10 0.3448 0.35 R108 0.0335 0.35
R100 0.0506 0.35 R109 0.129 0.35
R101 0.1986 0.35 R11 0.1291 0.35
R102 0.0416 0.35 R110 0.02696 0.35
R103 0.05622 0.35 R111 0.297 0.35

VYA



pleseSule culpo Y0 Jooz asldl
REACH ML}J(SIZ}I_I?Ig;Jm I\/Iusk)i(ngum REACH Ml:(SIal_r']%Jm Musk)i(ngum
R12 0.2022 0.35 R5 0.1875 0.35
R13 0.0791 0.35 R50 0.2448 0.35
R14 0.2241 0.35 R51 0.1827 0.35
R15 0.4404 0.35 R52 0.1282 0.35
R16 0.2651 0.2 R53 0.2087 0.35
R17 0.3458 0.2 R54 0.5574 0.2
R18 0.1924 0.35 R55 0.2362 0.35
R19 0.2584 0.2 R56 0.2167 0.2
R2 0.1979 0.35 R58 0.1169 0.35
R20 0.2518 0.35 R59 0.0641 0.35
R23 0.2368 0.35 R6 0.08209 0.35
R24 0.0786 0.2 R60 0.1029 0.2
R26 0.6831 0.2 R61 0.23096 0.35
R27 0.0704 0.2 R62 0.1091 0.35
R28 0.3376 0.35 R64 0.2461 0.35
R29 0.1547 0.35 R65 0.1326 0.35
R3 0.4112 0.35 R66 0.2027 0.2
R30 0.0579 0.35 R67 0.2663 0.2
R32 0.07939 0.35 R68 0.1334 0.35
R33 0.144 0.35 R7 0.4993 0.35
R34 0.174 0.35 R70 0.1689 0.35
R35 0.0749 0.35 R71 0.2471 0.2
R36 0.073 0.35 R72 0.08 0.35
R37 0.1986 0.35 R73 0.1002 0.35
R39 0.1108 0.2 R74 0.1786 0.35
R4 0.3966 0.2 R75 0.1243 0.2
R40 0.2109 0.2 R76 0.0812 0.35
R41 0.1429 0.35 R77 0.2033 0.35
R42 0.092 0.35 R78 0.2202 0.35
R43 0.0878 0.35 R79 0.2021 0.35
R44 0.3201 0.35 R8 0.08517 0.35
R45 0.2197 0.2 R80 0.2566 0.35
R46 0.3327 0.2 R81 0.3936 0.2
R47 0.152 0.35 R82 0.05395 0.35




pleSeSule ol po -Y-0 Jgaz aslol

REACH ML}J(SIZ}I_TS;Jm Musk)i(ngum REACH Ml:(SIE:_r']I%Jm Musk)i(ngum
R48 0.1716 0.35 R83 0.1511 0.35
R49 0.0697 0.35 R96 0.2637 0.2
R84 0.1126 0.35 R97 0.1811 0.35
R85 0.09967 0.2 R98 0.38 0.35
R87 0.0767 0.35 R99 0.0752 0.2
R88 0.1308 0.35 Reach-1 0.1062 0.35

Reach-
R89 0.1331 0.35 10 0.581 0.2
R90 0.0274 0.35 Reach-2 0.0931 0.35
R91 0.1491 0.35 Reach-3 | 0.08052 0.35
R92 0.1431 0.35 Reach-4 0.0823 0.35
R93 0.1561 0.35 Reach-5 0.0598 0.35
R94 0.3347 0.35 Reach-6 0.0681 0.35
R95 0.575 0.2 Reach-7 0.02619 0.35

Reach-8 0.0274 0.35

9>y e 50 09, Job T Jsux

sub- | Lm) L(ft) s 200 L) L(ft s
1 2912.031 | 9553.908 | 0.35 11 3296.171 | 10814.21 | 0.284
2 1712.254 | 5617.631 | 0.44 12 | 1782.082 | 5846.724 | 0.325
3 2135.807 | 7007.242 | 0.37 13 | 3033.919 | 9953.803 | 0.197
4 2229.066 | 7313.21 | 0.39 14 | 1835.929 | 6023.39 | 0.457
5 4695.168 | 15404.09 | 0.09 15 | 3824.335 | 12547.03 | 0.219
6 2500.782 | 8204.666 | 0.39 16 1838.65 | 6032.317 | 0.377
7 3094.63 | 10152.99 | 0.25 17 ]1694.386 | 5559.009 | 0.389
8 2015.807 | 6613.541 | 0.44 18 | 2326.934 | 7634.299 | 0.193
9 1599.117 | 5246.446 | 0.40 19 | 2388.944 | 7837.744 | 0.168
10 1703.381 | 5588.52 | 0.27 20 | 1692.965 | 5554.346 | 0.485

Y'Y



Log> i 50 39) Job T Jyuxr

sub- | L(m) L(ft) s bS;sbm L(m) L(ft) S

basin

21 | 2070.833 | 6794.07 | 0.418 51 |2070.954 | 6794.469 | 0.1428
22 | 1795.929 | 5892.156 | 0.335 52 | 1552.379 | 5093.107 | 0.5612
23 | 1749.533 | 5739.938 | 0.224 53 | 1560.66 | 5120.276 | 0.5011
24 | 2324.924 | 7627.704 | 0.42 54 | 1683.97 | 5524.835 | 0.5057
25 | 3074.508 | 10086.97 | 0.186 55 | 1281.249 | 4203.573 | 0.4808
26 | 1579.239 | 5181.23 | 0.251 56 | 2696.173 | 8845.712 | 0.2614
27 | 2481.309 | 8140.776 | 0.311 57 |2463.381 | 8081.959 | 0.3658
28 | 1312.965 | 4307.627 | 0.498 58 |2111.543 | 6927.635 | 0.3568
29 | 2398.65 | 7869.587 | 0.222 59 |1579.239 | 5181.23 | 0.4401
30 | 1647.523 | 5405.259 | 0.284 60 | 936.274 | 3071.765 | 0.5805
31 |1312.254 | 4305.295 | 0.335 61 | 849.411 | 2786.781 | 0.5375
32 | 1979.949 | 6495.897 | 0.417 62 | 1870.244 | 6135.971 | 0.4922
33 | 1621.96 | 5321.39 | 0.355 63 | 1541.249 | 5056.591 | 0.5157
34 | 2680.224 | 8793.385 | 0.228 64 | 1808.356 | 5932.926 | 0.3824
35 |1980.782 | 6498.629 | 0.392 65 | 2299.949 | 7545.766 | 0.3492
36 | 2003.381 | 6572.772 | 0.374 66 | 2335.685| 7663.01 | 0.3755
37 | 1919.361 | 6297.115 | 0.269 67 | 1569.655 | 5149.787 | 0.2897
38 | 3880.315 | 12730.69 | 0.259 68 | 1557.817 | 5110.949 | 0.4123
39 |2340.193| 7677.8 | 0.389 69 | 1433.087 | 4701.728 | 0.4264
40 | 1444.802 | 4740.165 | 0.345 70 | 1319.828 | 4330.144 | 0.3774
41 | 1370.955 | 4497.882 | 0.412 71 | 961.838 | 3155.636 | 0.4889
42 | 2354508 | 7724.764 | 0.437 72 | 1034.264 | 3393.255 | 0.3757
43 | 2222.082 | 7290.294 | 0.466 73 | 2226.102 | 7303.483 | 0.3655
44 | 1954.264 | 6411.627 | 0.479 74 | 1983.503 | 6507.555 | 0.2894
45 |1016.984 | 3336.562 | 0.445 75 | 1570.244 | 5151.719 | 0.2749
46 | 739.1169 | 2424.924 | 0.429 76 | 1961.665 | 6435.909 | 0.2768
47 | 2375.929 | 7795.043 | 0.26 77 | 2133.087 | 6998.317 | 0.2441
48 | 2175.807 | 7138.474 | 0.263 78 | 1848.944 | 6066.089 | 0.3742
49 | 4295584 | 14093.12 | 0.213 79 | 2138.772 | 7016.969 | 0.405
50 | 2300.66 | 7548.097 | 0.199 80 |1810.244 | 5939.12 | 0.434

AR



g pi 8 50 09, Job —F-o Jaux asll

bsgsbi;] L(m) L(ft) s sgsbm L(m) L(ft) s

81 |1028.112 | 3373.07 | 0.250 | | 110 |1172.254 | 3845.978 | 0.0579
82 | 1520.66 | 4989.042 | 0.405 | | 111 |3707.056 | 12162.26 | 0.2154
83 | 1709.655 | 5609.105 | 029 | | 112 |3516.051 | 11535.6 | 0.2205
84 | 894.386 | 2934.337 | 0528 | | 113 | 1685.301 | 5520.498 | 0.4495
85 |2431.909 | 7978.704 | 0.432 | | 114 |1411.665 | 4631.448 | 0.508
86 | 3092.62 | 10146.39 | 0.199 | | 115 | 1748.044 | 5738.007 | 0.1622
87 |2266.224 | 7435117 | 0.326 | | 116 | 1662.67 | 5454.955 | 0.2775
88 |3358.183 | 11017.66 | 0.258 | | 117 | 2535.219 | 8317.646 | 0.2608
89 |1931.665 | 6337.484 | 0.338 | | 118 | 1521.249 | 4990.974 | 0.3349
90 | 1541.249 | 5056.591 | 0.351 | | 119 | 2099.117 | 6886.866 | 0.2524
91 |1726.812 | 5665.395 | 0.342 | | 120 | 948.7006 | 3112535 | 0.283
92 | 1830.366 | 6005.137 | 0.306 | | 121 |1805.301 | 5923.199 | 0.328
93 | 2553.919 | 8378.999 | 0.278 | | 122 |2008.944 | 6591.025 | 0.2245
94 | 2475.929 | 8123.127 | 0.268 | | 123 | 2665.635 | 8745521 | 0.1742
95 |2079.361 | 6822.05 | 0.325 | | 124 | 2540.777 | 8365.41 | 0.259
96 | 2001.96 | 6568.100 | 0.355 | | 125 |1308.112 | 4291.705 | 0.3486
97 |2379.361 | 7806.302 | 0.201 | | 126 | 32486 |10658.14 | 0.1226
98 |1917.229 | 6290.12 | 0.206 | | 127 | 2215.807 | 7269.709 | 0.1807
99 |1628.822 | 5343.004 | 0.386 | | 128 | 3033.919 | 0953.803 | 0.1728
100 | 2380.66 | 7810565 | 0.421 | | 129 | 2264.924 | 7430.854 | 0.3179
101 | 1943.381 | 6375.922 | 0243 | | 130 | 2143.381 | 7032.09 | 0.2934
102 | 1456.396 | 4778.202 | 0.498 | | 131 | 1748.944 | 5738.007 | 0.4586
103 | 2006.812 | 6584.03 | 0304 | | 132 | 2030.244 | 6660.905 | 0.3763
104 | 3361.493 | 1102852 | 0.248 | | 133 | 1807.523 | 5930.194 | 0.3006
105 | 1750.366 | 5742.67 | 0372 | | 134 | 2491.665 | 8174.755 | 0.1966
106 | 3559.605 | 11678.49 | 0.19 | | 135 | 2392.62 | 7849.802 | 0.3058
107 | 2720.778 | 8955.964 | 0.133 | | 136 | 1985.301 | 6513.75 | 0.2961
108 | 1608.823 | 5278.280 | 0.317 | | 137 | 2429.066 | 7969.378 | 0.2419
109 | 1967.523 | 6455.128 | 0.198 | | 138 | 1085.98 | 3562.926 | 0.1997
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g pi 8 50 09, Job —F-o Jaux asll

bsgsbi;] L(m) L(ft) s sgsbm L(m) L(ft) s

139 | 2130.955 | 6991.321 | 0.269 | | 171 | 1430244 | 4692.401 | 0.3543
140 | 2156.396 | 707479 | 0175 | | 172 | 2004.802 | 6577.435 | 0.3694
141 | 1991.076 | 6532.403 | 0.283 | | 173 | 1578.406 | 5178.498 | 0.3878
142 | 2510.488 | 8236.508 | 0.308 | | 174 | 2876.762 | 9438.195 | 0.23
143 | 2619.230 | 8593.303 | 0.231 | | 175 | 850.1219 | 2789.114 | 0.1942
144 | 1955.920 | 6417.001 | 0.185 | | 176 | 778.4062 | 2553.826 | 0.1989
145 | 1499828 | 4920694 | 0.254 | | 177 | 2207.056 | 7240.998 | 0.3461
146 | 1832.376 | 6011.732 | 024 | | 178 | 1756518 | 5762.854 | 0.2124
147 | 1041.838 | 3418.103 | 0.351 | | 179 | 997.1068 | 3271.348 | 0.1468
148 | 2461.493 | 8075.764 | 0.207 | | 180 | 2235.929 | 7335.726 | 0.3511
149 | 2059.049 | 6758.364 | 0.566 | | 181 | 1258.528 | 4129.029 | 0.2399
150 | 1706.102 | 5597.447 | 0.336 | | 182 | 1004.802 | 6249351 | 0.3246
151 | 2129.533 | 6986.657 | 0.303 | | 183 | 2159.361 | 7084.517 | 0.3645
152 | 2316.64 | 7600525 | 0322 | | 184 | 2260.66 | 7416.864 | 0.4549
153 | 1760.714 | 5776.621 | 0.42 | | 185 | 706.6904 | 2318.538 | 0.5033
154 | 1491.665 | 4893.915 | 0.356 | | 186 | 1732.965 | 5685.579 | 0.4553
155 | 1060.538 | 3479.456 | 0.320 | | 187 | 2580.66 | 8466.733 | 0.1196
156 | 1596.396 | 5237.52 | 0.349 | | 188 | 1379.828 | 4526.993 | 0.2028
157 | 1448234 | 4751423 | 0348 | | 189 | 4382.914 | 14379.64 | 0.1326
158 | 2311.787 | 7584.603 | 0.208 | | 190 | 1550.244 | 5086.102 | 0.3059
159 | 1929655 | 6330.889 | 0.239 | | 191 | 1494.508 | 4903.241 | 0.3572
160 | 4695.168 | 15404.00 | 0.085 | | 192 | 1689.655 | 5543.488 | 0.4419
161 | 2542.792 | 8342.494 | 0207 | | 193 | 1508.944 | 4950.605 | 0.3715
162 | 1624.802 | 5330716 | 0245 | | 104 | 1898.65 | 6229.167 | 0.46
163 | 2325513 | 7629.636 | 0211 | | 195 |4331.000 | 142123 | 0.2032
164 | 2435.807 | 7991.494 | 0.263 | | 196 | 1567.401 | 51423092 | 0.3222
165 | 2257.229 | 7405.606 | 0.221 | | 197 | 2065513 | 6776.617 | 0.2378
166 | 2101.493 | 6894.661 | 0.156 | | 198 | 4220.193 | 13845.78 | 0.1686
167 | 2853.797 | 9362.852 | 0.355 | | 199 |3277.473 | 10752.86 | 0.1758
168 | 2123.503 | 6966.873 | 0.341 | | 200 |3114.924 | 10219.57 | 0.0841
169 | 1660.66 | 5448.36 | 0.458 | | 201 |3040.782 | 9976.319 | 0.1313
170 | 2123.381 | 6966.473 | 0.332 | | 202 | 2154.508 | 7068.596 | 0.0836
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ade> i 2 )0 55, Job -Foo Jsuz adbl
sub- | L(m) L(ft) s U0 L) L(ft s
206 |2230.449 | 7317.745 | 0.232 218 |416.9848 | 1368.06 | 0.0301
207 ] 913.5534 | 2997.222 | 0.276 219 | 98.2842 | 322.4547 | 0.1059
208 | 476.9848 | 1564.911 | 0.372 220 | 352.132 ] 1155.289 | 0.0508
209 |487.9899 [ 1601.017 | 0.109 221 | 669.411 | 2196.23 | 0.2274
210 | 379.7056 | 1245.753 | 0.318 222 | 427.8999 | 1403.871 | 0.4259
211 708.111 | 2323.199 | 0.455 223 | 1876.518 | 6156.555 | 0.3055
212 |322.8471 | 1059.21 | 0.455 224 | 1598.406 | 5244.115 | 0.4761
213 | 562.5483 | 1845.631 | 0.455 225 | 1328.944 | 4360.054 | 0.2336
214 |[113.6753 | 372.9505 | 0.471 226 | 2142.792 | 7030.158 | 0.0367
215 ] 1193.553 [ 3915.857 | 0.574 227 | 372.132 | 1220.906 | 0.0675
216 | 1612.376 [ 5289.947 | 0.558 228 | 451.4213 | 1481.041 | 0.3427
217 ] 1391.076 | 4563.899 | 0.522
b ddg> 4 oads ools plas! gl S-0-C Joux
sub- sub- sub- sub-
basin | gage.no. | basin | gage.no. | basin | gage.no. | basin | gage.no.
S1 Gage 1l | S130 | Gage2 | S162 | Gage 2 | S194 | Gage 2

S10 | Gagel | S131 | Gagel | S163 | Gage 2 | S195 | Gage 2

S100 | Gagel | S132 | Gage?2 | S164 | Gage 2 | S196 | Gage 2

S101 | Gagel | S133 | Gage2 | S165 | Gage 2 | S197 | Gage 2

S102 | Gagel | S134 | Gage2 | S166 | Gage 2 | S198 | Gage 2

S103 | Gagel | S135 | Gage2 | S167 | Gage 2 | S199 | Gage 2

S104 | Gagel | S136 | Gage2 | S168 | Gage 2 S2 Gage 1

S105| Gagel | S137 | Gage?2 | S169 | Gage2 | S20 | Gagel

S106 | Gagel | S138 | Gage2 | S17 Gage 1 | S200 | Gage 2

S107 | Gagel | S139 | Gage?2 | S170 | Gage 2 | S201 | Gage 2

S108 | Gage 1 S14 Gagel | S171 | Gage 2 | S202 | Gage 2

S109 | Gagel | S140 | Gage?2 | S172 | Gage 2 | S203 | Gage 2

S3 Gage 1 S61 Gagel | S35 | Gagel [ S93 | Gage 2
S30 | Gage 1l S62 Gagel | S36 | Gagel | S34 | Gage 1
S11 | Gagel | S141 | Gage?2 | S173 | Gage 2 | S204 | Gage 2

YY¥



b dbg> 5 s oad ools plais! gl - 0 -0 Jgax auld]

sub- sub- sub- sub-

basin | gage.no. | basin | gage.no. | basin | gage.no. | basin | gage.no.
S110 | Gagel | S142 | Gage?2 | S174 | Gage 2 | S205 | Gage 1l
S111 | Gagel | S143 | Gage?2 | S175 | Gage 2 | S206 | Gage 2
S112 | Gagel | S144 | Gage2 | S176 | Gage 2 | S207 | Gage 2
S113 | Gagel | S145 | Gage?2 | S177 | Gage 2 | S208 | Gage 1
S114 | Gagel | S146 | Gage?2 | S178 | Gage2 | S21 | Gagel
S115| Gagel | S147 | Gage?2 | S179 | Gage 2 | S210 | Gage 1l
S116 | Gage 1l | S148 | Gage 2 S18 | Gage 2 | S211 | Gage 2
S117 | Gagel | S149 | Gage?2 | S180 | Gage 2 | S212 | Gage 1
S118 | Gage 1 S15 Gage 2 | S181 | Gage 2 | S213 | Gage 1
S119 | Gagel | S150 | Gage2 | S182 | Gage 2 | S215 | Gage 1
S12 | Gagel | S151 | Gage2 | S183 | Gage 2 | S217 | Gage 1
S120 | Gagel | S152 | Gage?2 | S184 | Gage 2 | S218 | Gage 1
S121 | Gage2 | S153 | Gage 2 | S185 | Gage 2 | S219 | Gagel
S122 | Gage2 | S154 | Gage?2 | S186 | Gage2 | S22 | Gagel
S123 | Gage2 | S155 | Gage2 | S187 | Gage 2 | S220 | Gage 1
S124 | Gage 2 | S156 | Gage?2 | S188 | Gage 2 | S221 | Gagel
S125| Gage2 | S157 | Gage2 | S189 | Gage 2 | S222 | Gage 1
S126 | Gage2 | S158 | Gage 2 S19 Gage 1l | S223 | Gage 1l
S127 | Gage2 | S159 | Gage?2 | S190 | Gage 2 | S224 | Gage 1
S128 | Gage 2 S16 Gage 2 | S191 | Gage 2 | S226 | Gage 2
S129 | Gage?2 | S160 | Gage2 | S192 | Gage 2 | S227 | Gage 2
S13 | Gage2 | S161 | Gage?2 | S193 | Gage 2 | S228 | Gage 2
S229 | Gage 2 S51 Gagel | S83 | Gage2 | S94 | Gage 2
S23 | Gage 1l S52 Gagel | S84 | Gage?2 [ S95 | Gage 2
S230 | Gage 1l S53 Gagel | S85 | Gage2 | S96 | Gage 2
S231 | Gagel S54 Gagel | S86 | Gage2 | S97 | Gage 2
S232 | Gagel S55 Gage 1 | S87 Gage 2 | S98 | Gage 2
S24 | Gage 1 S56 Gage 1 S63 Gagel | S88 | Gage 2
S25 | Gage 1 S57 Gage 1 S64 Gagel | S89 | Gage 2
S26 | Gage 1 S58 Gage 1 S65 Gage 1 S9 Gage 1
S27 | Gagel S59 Gagel | S66 | Gagel | S90 | Gage 2
S28 | Gage 1 S6 Gage 1 | S67 Gage 1l | S91 | Gage 2
S29 | Gage 1 S60 Gagel | S68 | Gagel | S92 | Gage 2
S31 | Gagel S33 Gage 1l | S32 Gage 1
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b 49> 5 sloed )b -0 Sy

2 1

01Jan2000, 17:00 0.18 0.25
01Jan2000, 17:15 0.26 0.332
01Jan2000, 17:30 0.34 0.414
01Jan2000, 17:45 0.42 0.496
01Jan2000, 18:00 0.5 0.578
01Jan2000, 18:15 0.58 0.66
01Jan2000, 18:30 0.66 0.742
01Jan2000, 18:45 0.74 0.824
01Jan2000, 19:00 0.82 0.906
01Jan2000, 19:15 0.9 0.988
01Jan2000, 19:30 0.98 1.07
01Jan2000, 19:45 1.06 1.152
01Jan2000, 20:00 1.14 1.234
01Jan2000, 20:15 1.22 1.316
01Jan2000, 20:30 1.15 1.249
01Jan2000, 20:45 1.08 1.182
01Jan2000, 21:00 1.01 1.115
01Jan2000, 21:15 0.94 1.048
01Jan2000, 21:30 0.87 0.981
01Jan2000, 21:45 0.8 0.914
01Jan2000, 22:00 0.73 0.847
01Jan2000, 22:15 0.66 0.78
01Jan2000, 22:30 0.59 0.713
01Jan2000, 22:45 0.52 0.646
01Jan2000, 23:00 0.45 0.579
01Jan2000, 23:15 0.38 0.512
01Jan2000, 23:30 0.31 0.445
01Jan2000, 23:45 0.24 0.378
02Jan2000, 00:00 0.17 0.311

19.7 23.662

43.362
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Abstract

Check dams are small dams with very simple and relatively inexpensive
structures and as they do not require any complicated technology or special
materials for construction, they have many applications in flood and
sediment control projects.

In the present study, the effects of applying check dams in reducing peak
discharges and increasing time to peak is investigated in Kan basin
(approximately 215 km2 area) in north-west of Tehran. As this basin
located near the Tehran and there are many recreational centers and Holy
Shrines in this area, it has sensitive position. It is therefore necessary to
take appropriate measures for reducing flood damages in this zone. The
hydrologic and hydraulic modeling of the kan basin was performed using
HEC-HMS software.

Using hydrological modeling, the effects of check dam construction in
mitigation of flood characteristics were evaluated in three scenarios. In the
first scenario, the slope of upper sub-basins after check dam construction
was considered to be reduced by half of the initial slope and the secondary
slopes were reduced to a tenth and a hundredth of the initial slopes for the
second and third scenarios, respectively. Results of hydrologica modeling
revealed that in the first scenario, check dams have no effects in reducing
peak discharges and increasing time to peak. But in the second scenario,
the peak discharges decreased by 0.88 percent and this reduction was
between 3.86 to 10.61 percent in the third scenario. Also by using check
dams, the time to peak of hydrographs were postponed to maximum of 10
minutes in second scenario and 10 to 50 minutes in the third scenario,
which could be very effective by considering small time of basin
concentration.

In hydraulic modeling the effect of check dam construction was
investigated by assuming that check dam reservoirs were empty of
sediments. The slopes of sub-basins were divided in five ranges and the
number of check dams was assumed 5,10,20,50,100,150 check dams in
each range of slopes. In one case in each slope one sub-basin was modeled
as the representative of its group and results showed that in this case by
constructing 150 check dams, the least reduction of peak discharge in
downstream outlet of soleghan with 50% slope was 65.7percent and
maximum reduction in sangan sub-basin with 40% initial slope was 91.4
percent and the time to peak by constructing 150 check dams was
postponed between 1 to 2 hour. In second case one sub-basin was modeled
as witness sub-basin while al factors were fixed except slope factor. The
result of this modeling showed that in this case reducing of peak discharge



and increasing time to peak would be satisfactory and optimum. By
comparing the results of two method of modeling it was shown from
economic point of view the hydraulic modeling in is preferred and one can
use watershed and management measures with check dams.
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