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1.0 INTRODUCTION 
This report presents the results of a drainage study for a modified drainage swale 
adjacent to the east portion of the existing house.  This drainage swale was widen to 
accommodate the erosion protection (rip-rap with fabric).  The original drainage swale 
was undersize with no erosion protection.   
 
The site is an approximately an acre parcel of land located at 8229 North 54th Street, 
Paradise Valley, Arizona (APN 168-65-030).  The development will occur in section 32, 
Township 3 North, Range 4 East, Gila and Salt River Basin and Meridian, Maricopa 
County, Arizona. (Appendix A) 
 
The site consist of an existing single-family residence along with driveway, courtyard, 
pool, landscape, and walls.  The remainder of the site will consists of undisturbed 
desert. 
 

2.0 WATERSHED DESCRIPTION 
In general, the site and adjacent properties were observed to be moderate to steeply 
sloping towards the north with roughly 25 percent slope across the site.  The watershed 
consists of a narrow shaped area, originating from the adjacent mountain.  There is a 
drainage swale along the eastern boundary of the property.  
 
According to our field reconnaissance and historical aerial photography and historical 
USGS topographic Maps, this wash diverted from its original outfall.  The pre-developed 
entrance point onto this property was located approximately midway along the eastern 
site boundary.  This drainage swale along with a partially functioning berm along the 
eastern property boundary/adjacent property driveway was installed to accommodate 
the adjacent property development in the 1950s.  During storm events, debris is 
conveyed from the mountain onto Lot 36 Turquoise Hill (adjacent lot to the east) along 
the driveway and onto the drainage swale. 
 
In addition, a trench along the southern portion of the property was first observed in the 
1991 aerial photography.  According to the owner, Mr. People, he had this cleaned out 
and deepened in 2016.  This trench captures water which was displaced by the 
installation of the transformer pad located on the southwest corner of Lot 36 Turquoise 
Hill.  This conveys stormwater back into a wash along the central portion of the southern 
property line and then across this property’s driveway. 
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(This is an excerpt from the 1965 USGS topographic map “Paradise Valley, Arizona”)  

 
(The 2016 aerial photography was obtained from Maricopa County G.I.S. department.) 
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The site and adjacent properties are covered with Sonoran Desert type vegetation 
consisting of saguaro and barrel cacti, mesquite, ocotillo and Palo Verde trees, and 
native grass.  General property use within the study area consists primarily of open land 
spaces and scattered residential property, which consists of zoning RU-43 and 
Mountain Open Space.  (Appendix B). The subject property is at an average elevation 
of 1,400-feet above mean sea level (on-site topographical survey).  Based on the USGS 
Paradise Valley Quadrangle 7.5-Minutes Maps, general area surface drainage is to the 
northwest. 
 
The Flood Insurance Rate Map (FIRM) “Maricopa County, Arizona and Incorporated 
Areas,” Map Number 04013C1765L dated October 2013 Flood Zone X, which is defined 
by Federal Emergency Management Act (FEMA), as areas determined to be 
undetermined floodplain (Appendix B).   

3.0 DATA ANALYSIS METHODOLOGY 

The drainage report has been prepared in accordance with the current versions of the 
Maricopa County Drainage Policies and Standards Standard 6.13, Drainage Design 
Manuals for Maricopa County, Volumes 1 – Hydrology and Volume 2 – Hydraulics and 
Section 1205 of the Maricopa County Zoning Ordinance. 

3.1 Hydrologic procedures and assumptions 

The Rational Method was used for the drainage study areas (Appendix D).  For this 
study, the coefficient of runoff was determined from the zoning, hydrologic soil group, 
vegetative cover, and land usages obtain from the Flood Control District of Maricopa 
County publication entitled "Design Standards and Procedures Manual (DSPM)," July 
2010.   

DDMSW uses data taken from NOAA Atlas 14, Volume 1, Version 4.0, dated October 4, 
2006.  NOAA Design Storm Map Index 64 cells 1281 through 1282, 1321 through 1322 
was used for this area  

3.2 Hydraulic procedures, methods, and assumptions 

The determination of the approximate water surface elevations on the washes for 100-
year design frequency storm was achieved by using the Manning’s equation for open 
channel flow.  An average "n" value of 0.035 for the Manning's equation was used for the 
channel (rip-rap bottom) of the wash to calculate depths and critical depths (Appendix D).    
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Hydraflow Express Extension for Autodesk was used to calculate the water surface 
elevation. 
  
4.0 Hydrologic Analysis 
The Drainage Design Management System for Windows (DDMSW) was used to 
calculate the runoff for the sub-basin within the drainage area.   The following table is a 
summary of the runoffs at drainage concentration point entering the property.   
 
Watershed/Peak Discharge Rates 

Concentration Point/ 
Watershed 

Area 
Acre 

Length 
ft 

USGE 
ft 

DSGE 
ft 

10 Year 
cfs 

100 Year 
cfs 

Wash A/CP-1* 1.7 583 1700 1410 4.4 8.7 

Wash BA/CP-1* 1.03 586 1700 1400 2.8 5.4 
*Flows entering the property from the southeast along the adjacent property driveway. 

5.0 HYDRAULIC ANALYSIS  

The wash and the weir overflow was modeled using the existing condition, see appendix 
D.  The majority of the grading will take place outside the erosion setback and the 100-
year High-water elevation.  

 
Drainage Channels 

Location Shape Flow 
Rate Roughness Actual 

Slope 
Critical 
Depth Velocity Normal 

Depth 
A - Pre Irregular 8.7 cfs 0.035 0.189 1.07 ft 8.21 ft/s 0.75’ 

A - Post Irregular 8.7 cfs 0.035 0.189  0.47 ft 6.55 ft/s 0.28’ 

6.0 EROSION CONTROL 
The Erosion Setback was determined based upon FCDMC Hydraulic Design Manual.  
The calculated erosion setback along the washes are 2.9 feet and 9 feet from top of 
bank.  Based upon Arizona State Standard SSA-98, the required setback is 20 feet from 
top of bank (Appendix E).    
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The calculated scour depth for the washes are 0.45 feet for wash.  Based upon Arizona 
State Standard SSA-96, the required minimum depth is 3 feet below the flow line  
 
The existing wash will be maintain in its natural slope.  The bank stabilization should be 
constructed of a 12.9-inches thick layer of well-graded material (d50=6”) and 9-inches 
thick layer of well-graded material (d50=6”) for the.  Rip-rap should be lined with non-
woven geo-synthetic fabric beneath the drainage swale.   

7.0 SUMMARY AND RECOMMENDATIONS 

As a result of this study below are the summary of findings: 
 

 The site is characterized by two wash corridor, which drains in a northern 
direction.   

 The site is located within a FEMA Flood Zone X 
  It was concluded that peak storm flows 100-year design frequency will be 

contained within the modified drainage swale from the relocation of the 
stormwater entrance point (approximate moved in the 1950s). 

 The pre-developed entrance point onto this property was located approximately 
midway along the eastern site boundary.   This entrance/outfall point should be 
restored when Lot 36 Turquoise Hill (adjacent lot to the east) is redeveloped.   
This should resolve the current drainage swale adjacent to the house. 

 The existing drainage trench along the southern portion of the property function 
to protect the house from flooding.  This drainage trench should remain in place 
and periodically maintain/cleaned from debris flow.  

 The current site development will not adversely impact or increase flooding 
hazards within, upstream or downstream. 
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2 Year 5 Year 10 Year 25 Year 50 Year 100 YearSlope 
(ft/mi)

Length 
(ft)

Area
(acres)

ID

Flood Control District of Maricopa County
Drainage Design Management System

SUB BASINS
Project Reference: LOT 37 TURQUOISE HIL 8/31/2016Page 1

Sub Basin Data Sub Basin Hydrology Summary

USGE DSGE Kb

Major Basin ID: 01
A 1.7 2.6 3.7 4.4 6.0 7.4 8.7

0.55 0.55 0.55 0.61 0.66 0.69
0.91 0.91 0.91 1.01 1.09 1.14

2.88 4.02 4.84 5.93 6.77 7.62

Q (cfs)
C

CA (ac)

i (in/hr)

1,700.00 1,410.00583 0.193

6 5 5 5 5 5Tc (min)

2,626.4

B 1.0 1.6 2.3 2.8 3.7 4.6 5.4
0.55 0.55 0.55 0.61 0.66 0.69
0.57 0.57 0.57 0.63 0.68 0.71

2.87 4.02 4.84 5.93 6.77 7.62

Q (cfs)
C

CA (ac)

i (in/hr)

1,700.00 1,400.00586 0.200

6 5 5 5 5 5Tc (min)

2,703.1

* Non default valueTerra Dynamic Engineering, LLC. (stSubBasRat.rpt)



5/4/2016Page 1

Duration

Flood Control District of Maricopa County
Drainage Design Management System

RAINFALL DATA
Project Reference: LOT 37 TURQUOISE HIL

ID Method 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr

5 MINDEFAULT NOAA14 0.247 0.335 0.403 0.494 0.564 0.635
10 MINNOAA14 0.377 0.511 0.614 0.752 0.858 0.967
15 MINNOAA14 0.467 0.633 0.761 0.932 1.064 1.198
30 MINNOAA14 0.629 0.852 1.025 1.255 1.433 1.614
1 HOURNOAA14 0.778 1.055 1.268 1.553 1.773 1.997
2 HOURNOAA14 0.897 1.198 1.428 1.741 1.979 2.226
3 HOURNOAA14 0.979 1.283 1.523 1.860 2.128 2.406
6 HOURNOAA14 1.163 1.488 1.748 2.100 2.376 2.663
12 HOURNOAA14 1.301 1.646 1.916 2.282 2.562 2.851
24 HOURNOAA14 1.551 2.011 2.372 2.879 3.277 3.691

Terra Dynamic Engineering, LLC. (stRanMulti.rpt)
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1801 1802 1803 1804 1805 1806 1807

1841 1842 1843 1844 1845 1846 1847

1881 1882 1883 1884 1885 1886 1887

1921 1922 1923 1924 1925 1926 1927

1961 1962 1963 1964 1965 1966 1967

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120

128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160

168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200

208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240

248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280

288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320

328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360

368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400

408 409 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440

448 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480

488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 511 512 513 514 515 516 517 518 519 520

528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544 545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560

568 569 570 571 572 573 574 575 576 577 578 579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595 596 597 598 599 600

608 609 610 611 612 613 614 615 616 617 618 619 620 621 622 623 624 625 626 627 628 629 630 631 632 633 634 635 636 637 638 639 640

648 649 650 651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668 669 670 671 672 673 674 675 676 677 678 679 680

688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704 705 706 707 708 709 710 711 712 713 714 715 716 717 718 719 720

728 729 730 731 732 733 734 735 736 737 738 739 740 741 742 743 744 745 746 747 748 749 750 751 752 753 754 755 756 757 758 759 760

768 769 770 771 772 773 774 775 776 777 778 779 780 781 782 783 784 785 786 787 788 789 790 791 792 793 794 795 796 797 798 799 800

808 809 810 811 812 813 814 815 816 817 818 819 820 821 822 823 824 825 826 827 828 829 830 831 832 833 834 835 836 837 838 839 840

848 849 850 851 852 853 854 855 856 857 858 859 860 861 862 863 864 865 866 867 868 869 870 871 872 873 874 875 876 877 878 879 880

888 889 890 891 892 893 894 895 896 897 898 899 900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 919 920

928 929 930 931 932 933 934 935 936 937 938 939 940 941 942 943 944 945 946 947 948 949 950 951 952 953 954 955 956 957 958 959 960

968 969 970 971 972 973 974 975 976 977 978 979 980 981 982 983 984 985 986 987 988 989 990 991 992 993 994 995 996 997 998 999 1000

1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039 1040

1048 1049 1050 1051 1052 1053 1054 1055 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071 1072 1073 1074 1075 1076 1077 1078 1079 1080

1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1118 1119 1120

1128 1129 1130 1131 1132 1133 1134 1135 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151 1152 1153 1154 1155 1156 1157 1158 1159 1160

1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199 1200

1208 1209 1210 1211 1212 1213 1214 1215 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231 1232 1233 1234 1235 1236 1237 1238 1239 1240

1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279 1280

1288 1289 1290 1291 1292 1293 1294 1295 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 1312 1313 1314 1315 1316 1317 1318 1319 1320

1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359 1360

1368 1369 1370 1371 1372 1373 1374 1375 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391 1392 1393 1394 1395 1396 1397 1398 1399 1400

1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439 1440

1448 1449 1450 1451 1452 1453 1454 1455 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471 1472 1473 1474 1475 1476 1477 1478 1479 1480

1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519 1520

1528 1529 1530 1531 1532 1533 1534 1535 1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551 1552 1553 1554 1555 1556 1557 1558 1559 1560

1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599 1600

1608 1609 1610 1611 1612 1613 1614 1615 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 1632 1633 1634 1635 1636 1637 1638 1639 1640

1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679 1680

1688 1689 1690 1691 1692 1693 1694 1695 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 1712 1713 1714 1715 1716 1717 1718 1719 1720
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Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Sep 1 2016

Lot 37 Turquoise Hill - Section A Pre

User-defined
Invert Elev (ft) =  1403.50
Slope (%) =  18.90
N-Value =  0.035

Calculations
Compute by: Known Q
Known Q (cfs) =  8.70

(Sta, El, n)-(Sta, El, n)...
( 0.00, 1410.00)-(0.10, 1403.50, 0.035)-(2.00, 1404.00, 0.035)-(5.00, 1405.00, 0.035)-(8.00, 1406.00, 0.035)-(12.30, 1407.00, 0.035)-(18.60, 1408.00, 0.035)

Highlighted
Depth (ft) =  0.76
Q (cfs) =  8.700
Area (sqft) =  1.07
Velocity (ft/s) =  8.09
Wetted Perim (ft) =  3.55
Crit Depth, Yc (ft) =  1.07
Top Width (ft) =  2.69
EGL (ft) =  1.78

-2 0 2 4 6 8 10 12 14 16 18 20 22

Elev (ft) Depth (ft)Section

1402.00 -1.50

1403.00 -0.50

1404.00 0.50

1405.00 1.50

1406.00 2.50

1407.00 3.50

1408.00 4.50

1409.00 5.50

1410.00 6.50

1411.00 7.50

Sta (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Sep 1 2016

Lot 37 Turquoise Hill - Section A Post

User-defined
Invert Elev (ft) =  1404.00
Slope (%) =  18.90
N-Value =  0.035

Calculations
Compute by: Known Q
Known Q (cfs) =  8.70

(Sta, El, n)-(Sta, El, n)...
( 0.00, 1410.00)-(0.10, 1404.50, 0.035)-(4.00, 1404.00, 0.035)-(6.00, 1404.00, 0.035)-(8.00, 1406.00, 0.035)-(12.30, 1407.00, 0.035)-(18.60, 1408.00, 0.035)

Highlighted
Depth (ft) =  0.35
Q (cfs) =  8.700
Area (sqft) =  1.24
Velocity (ft/s) =  7.02
Wetted Perim (ft) =  5.25
Crit Depth, Yc (ft) =  0.56
Top Width (ft) =  5.08
EGL (ft) =  1.12

-2 0 2 4 6 8 10 12 14 16 18 20 22

Elev (ft) Depth (ft)Section

1403.00 -1.00

1404.00 0.00

1405.00 1.00

1406.00 2.00

1407.00 3.00

1408.00 4.00

1409.00 5.00

1410.00 6.00

1411.00 7.00

Sta (ft)
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Lot 37 Turquoise Hills 
Site Photographs 

1 

Viewing upstream along Watershed A’ wash along the southeast portion of the site. 

Viewing downstream along Watershed A’ wash along the southeast portion of the 
site. 



Lot 37 Turquoise Hills 
Site Photographs 

2 

Viewing downstream along the east side of the house, January 2016. 

Viewing downstream along the east side of the house, December 2015. 



Lot 37 Turquoise Hills 
Site Photographs 

3 

Viewing downstream along the east side of the house, near the door, January 2016. 

Viewing downstream along the east side of the house, near the door, December 2015, 
Note debris on concrete slab 



Lot 37 Turquoise Hills 
Site Photographs 

4 

Viewing upstream along the east side of the house, January 2016. 

Viewing along the west side of the property. 



Lot 37 Turquoise Hills 
Site Photographs 

5 

Viewing west at the “berm” from adjacent property along the eastern property line, note 
house and swale in the background  

Viewing north at the “berm” from adjacent property along the eastern property line  
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Lot 37 Turquoise Hills

DESIGN FOR ROCK RIPRAP  BANK STABILIZATION & EROSION SETBACK
Per Drainage Design Manual for Maricopa County: Hydraulics 

100-Year Discharge

Per Drainage Study
Average Velocity

Per Drainage Study
Maximum Velocity

Per Drainage Study
100-Year Flood Depth

Per Drainage Study

Q100 8.7
ft

3

sec
⋅:= Va 6.33

ft

sec
⋅:= Vmax 1.33 Va⋅:= Vmax 8.4

ft

sec
= Davg 0.5 ft⋅:=

Scour Depth 

per Level 1 procedure in SS5 2-96

Total Scour Depth

scour depth must be a minimum of 3 feet 

General Degradation

straight channel
Long Term Degradation

straight channel

dgs 0.157 c1⋅ Q100
0.4

⋅:= dlts 0.02 c2⋅ Q100
0.6

⋅:= ds dgs dlts+:=

dgs 0.37 ft= dlts 0.07 ft= ds 0.45 ft=

Erosion Setback 

per SSA 5-96, straight channel, minimum is 20 feet Degradation Factors,to maintain units consistency

Setback 1 c3⋅ Q100
0.5

⋅:= Setback 2.9 ft= c1 1
sec

0.4

ft
0.2

⋅≡ c2 1
sec

0.6

ft
0.8

⋅≡ c3 1
sec

0.5

ft
0.5

⋅≡ c4

sec
3

ft
1.5

≡

Stone Specific Gravity

Per Section 6.6.3
Flow Turbulence

Coefficient

1.2 for low, 0.86 for high 

Bank Angle

with horizontal

SG 2.5:= Cturb 1.2:= Θ atan
1

3

⎛
⎜
⎝

⎞
⎟
⎠

:= Θ 18.43 deg=

Channel Bank On Straight Reach -  Riprap Stone

Size

per Equation 6.33 FCDMC Hydraulics, bend angle less
than 30 degrees 

Channel Bed On Straight Reach -  Riprap Stone Size

per Equation 6.33 FCDMC Hydraulics, bend angle less
than 30 degrees  

d50_bank

Vmax
2

2 g⋅ Cturb
2

⋅ cos Θ( )⋅

1

SG 1−
⎛
⎜
⎝

⎞
⎟
⎠

⋅:= d50_channel

Vmax
2

2 g⋅ Cturb
2

⋅

1

SG 1−
⎛
⎜
⎝

⎞
⎟
⎠

⋅:=

d50_bank 0.54 ft= d50_bank 6.5 in= d50_channel 0.51 ft= d50_channel 6.1 in=

Recommended Channel Bank Stone Gradation Recommended Channel Bed Stone
GradationMinimum Maximum Minimum Maximum 

dmin_bank

1

3
d50_bank⋅:= dmax_bank 2 d50_bank⋅:= dmin_channel

1

3
d50_channel⋅:= dmax_channel 2 d50_channel⋅:=

dmin_bank 0.18 ft= dmax_bank 1.08 ft= dmin_channel 0.17 ft= dmax_channel 1.02 ft=

dmin_bank 2.2 in= dmax_bank 12.9 in= dmin_channel 2 in= dmax_channel 12.2 in=

Provide the rip-rap with an Average Minimum d50 of 6.5 inches, ranging from a 2.2 inches minimum and a 12.9" maximum

thickness

Terra Dynamic Engineering
PO Box 22131
Phoenix, Arizona 85028
robert@terradynamic.us
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