Table of Contents

Revised 4/2010
Chapter 22

PAGE
DRAINAGE, FLOOD CONTROL AND EROSION CONTROL......cccceveiierieiieieeieseeie e 22-1
Section1l. INTENT & SUPPORT DOCUMENTS.........ccoiiiiieceeecie e 22-1
A. Goals, Mission Statement and Vision Statement...........ccccvvveeieeiiie e 22-1
B. Summary of Documents Relating to Drainage, Flood Control and Erosion Control .. 22-2
SeCtioN 2. HYDROLOGY ..ottt sttt et te e st be e sreesreennee s 22-3
A PTETACE. .. e e e e et e e e aaae e e arraeereas 22-3
= R ) {00 [0 Tod (o] F OSSR O RRORRSUROPRON 22-5
C. Symbols and DefiNITIONS..........ccuiiiiiiiieiiee et nreas 22-6
D. Rational MethOd...........ccviiiiiiic e 22-14
D.1 INTRODUCTION ......coiiiieitiecte ettt ettt ettt s be e s ene s 22-14
D.2 ASSUMPTIONS ...ttt ettt s be e eae s 22-14
D.3 LIMITATIONS ...ttt et sne e aneenne s 22-14
D.4 RUNOFF COEFFICIENTS ...ooioi ettt 22-15
D.5 TIME OF CONCENTRATION ..ottt 22-18
D.6 INTENSITY oottt sttt st e e te et esreanaenneas 22-18
D.7 RUNOFF VOLUME .......ciiii ettt 22-19
D.8 RUNOFF HYDROGRAPH ..ottt 22-20
D.9 PROCEDURE ......cooiitiie ettt sttt sba e raeaa s 22-21
D10 EXAMPLE ..ottt 22-22
E. Rainfall-Runoff Modeling: AHYMO ..o s 22-27
E.1 INTRODUCTION ...ttt ettt st nne s 22-27
E.2 DESIGN RAINFALL CRITERIA ... 22-27
E.3 RAINFALL LOSS ...ttt 22-30
E.4 UNIT HYDROGRAPH.......oti ettt 22-35
E.5 CHANNEL ROUTING.......cooiiiiciicteeceee ettt 22-46
E.6 SEDIMENT BULKING........ccecoiiieieeieitese ettt 22-48
F. Rainfall-Runoff Modeling: HEC-HMS ..., 22-49
F.1 INTRODUCTION ..ottt ettt sne s 22-49
F.2 DESIGN RAINFALL CRITERIA .....coi e 22-49
F.3 RAINFALL LOSS ... oottt 22-57
F.4 UNIT HYDROGRAPH.... .ottt 22-62
F.5 CHANNEL ROUTING.......cooiiii ettt 22-70
F.6 SEDIMENT BULKING.......c.ccoiiiiieciece et 22-73
F.7 HEC-HMS EXAMPLE .......coiiiceee e 22-74
G. Procedure for Probable Maximum FIoOd ...........cccooveiiiiiic e 22-100

G.1 JURISDICTION OF THE OFFICE OF THE STATE ENGINEER (OSE). 22-100

SSCAFCA DPM TABLE OF CONTENTS i



H. USE Of AILEINATE PrOCEAUIES .....eeeeeeeeeeeeeeeeeeeeeeeae e eeseeeeesesenennenennnsnennnnes 22-100

H.1 PROGRAMS FOR ALTERNATE PROCEDURE ACCEPTANCE.......... 22-101

H.2 BIBLIOGRAPHY ..ottt e 22-102
Section 3. HYDRAULIC DESIGN ......coiiiiiiiiiiiieeee e 22-111
A, WEITS AN OFITICES ..ot ae e re e 22-111
ALLIWEITS ottt bbbt 22-111

A2 OFITICES oo re e 22-112

B. Criteria for Hydraulic Design: Closed Conduits............ccccveveiieieiiieseese e seeseen 22-112
B.1. General HydrauliC Criteria..........ccovevieiieiieseeie e 22-112

B.2. Water Surface Profile Calculations............c.cccoceiiiiiiie i 22-113

B.3. SPECIAI CASES....cuviiiiiiiieii ettt 22-121

B.4. Design Requirements for Maintenance and ACCESS .........ccorveriereereeriennenn 22-122

B.5. Other Closed Conduit CHItEIIa.........cevviieiierieiesie e 22-126

C. Criteria for Hydraulic Design: Open Channels...........ccoooiiiiiinieneneeiee e 22-131
C.1. General HydrauliC Criteria........cccovveviiiiiiieie e 22-131

C.2. Water Surface Profile Calculations.............ccccccveiviieiieieccc e 22-131

C.3. CUIVING ALIGNMENTS ...t 22-146

D. SO INIELS ...t ae e enre e 22-154
D 20 1= T T USSR 22-154

E.  Street HydrauliCs........ooiiiiiiiic e 22-174
F. BermMS @Nd LEVEES .....c.oiieiecie ettt sttt te e bt e aesneens 22-178
G. Miscellaneous Hydraulic Calculations .............cocooiiiiieiine e 22-179
H. Sediment Transport and Channel Stability ..........ccccooviieiiiii i 22-206
Section4. CHANNEL TREATMENT SELECTION GUIDELINES...........c.cccceuenunee. 22-213
F N €110 1= - | SRR 22-213
= o ToTo I o] 11 £ ] IS SRS 22-213
ORI B 1] - To SRS 22-213
D T Y =[] (=T =V Lot SO 22-213
E. Rights-of-Way and EQSEMENLS.........c.coiiiiiiiiiieie ettt re e 22-214
B ST BEY bbb 22-214
G. Upstream and Downstream Channel Treatments ..........cccocveveivievvevi e ceece e 22-214
H. Initial Cost and Life EXPECTANCY.......ccceiiiieiieri e 22-214
I, JOINt USE POSSIDIITIES ...c.eeeieec e 22-214
Section 5. DESIGN GRADING AND EROSION CONTROL .....cccoocviiiiiiiieieienienes 22-215
Y (o] o L= O 4 1 (-] 1 T USSR 22-215
B. Grading near the Property LINe........coui oot 22-215
C. Grading In and Adjacent to Major FaCilities ..........cccccveveiiieneeie e 22-215
D. Grading in @ FIoodpIain .........ooviiiie e 22-215
E. Violations As To Construction Or Site Alteration............ccccccevveveviesieeie e 22-215
F. Erosion and Stormwater Pollution Control............cccooeiiiiiinniiii e 22-216
G. Means of EroSion CONtrol.........ccccviiieiiiic e 22-217
H. Pond/Dam Design (City/SSCAFCA Maintained Facilities)........ccccoverivriniinniennnns 22-217

SSCAFCA DPM TABLE OF CONTENTS i



. TemMPOrary PONGS .......ooiiiiiieiie ettt 22-219
J.  Private Storm Drain Improvements Within Public Rights-of-Way and/or Easement.22-219

Section 6. RIGHTS-OF-WAY, EASEMENTS AND COVENANTS.......ccccooviviniienn. 22-221
A. Rights-0f-Way - INtrodUCTION .......c.cooiiiiiiiiiee s 22-221

B. Fee SIMPIE ROW ...ttt sttt ra e ae e beente e 22-221

. ESEIMENLS ...ttt sttt sttt e b e st et e ab e e s bt e st e et e et e e neennns 22-222

D. Drainage COVENANTS........cciieiiiiieiieeite et ste ettt e e e ste e sraesae e e e sreenreaneeas 22-226

E. ENCroachment AQreBMENTS .......ucieiiirierierieriesieeiieee ettt 22-231

F. Joint-Use, Shared Maintenance and Common-Area Considerations............cccee.... 22-231

G. Land-Areas; Configuration Criteria. ........ccveverierieriiereeieseese e se e see e see e 22-234

H. Criteria for Vacating SSCAFCA’s Rights-of-Way/Easements .............ccccovevveiveenenn, 22-236

I.  Vacation Procedure for Rights-of-Way and Easements ............ccocceoeveieiiicienininne 22-236
Section7 PROCEDURES FOR DRAINAGE SUBMITTALS........cccooiiiiiiiineieiees 22-238
A. Procedures for Drainage SUBMILEALS ..........ccoooeiiiiiiiieiiee e 22-238

B. Procedure for Storm Drainage Infrastructure Allocation............cccccevveveiivenesnennenn, 22-244
Section 8. SUPPLEMENTARY MATERIALS FOR DRAINAGE SUBMITTALS...22-252
A. Drainage Submittal FOrMAt.........ccooiiiiiiiiiii e 22-252

R [ 1 0o 104 T o SRR 22-252

2. Conceptual Grading and Drainage Plan ...........cccocovviiiiiiiieie e 22-252

3. Drainage REPOIT .....ccueeiiiieieee et 22-252

4. Grading and Drainage Plan ... 22-252

B. Drainage RePOrt OULHNE ........ccviiieie ettt 22-253

C. Grading and Drainage Plan CheckIiSt............coooiiiiiiiiiiie e 22-265
GENERAL INFORMATION: ..ottt 22-265

EXISTING CONDITIONS.......oitiiiiiieieesie ettt 22-266
PROPOSED CONDITIONS.......cooiiitiieiiieie e 22-266

D. Erosion Control and Stormwater Pollution Prevention Plans Checklist.................... 22-271

E. Engineer’s Certification Checklist for Non-Subdivision Development .................... 22-276

F. Procedures for Development Review and Approval ..........cccccccveveieeiecceieece e 22-281
Section 9. MISCELLANEOQOUS ..ottt 22-289
A, MaintenanCe STANAAITS ........covieiiiiiiiieee e 22-289

B. Utilities in SSCAFCA ROW .....ociiiiiiieiiieie ettt 22-290

C. Watershed Park/Quality of Life Plan..........ccccooveiiiiiiieeie e 22-296

D. Lateral ErosSion ENVEIOPE. .......cui oottt et 22-296
Section 10. STORM WATER POLLUTION CONTROL ......cccoocvviiiiieieeiee e 22-298
AL GBINEIAL ...ttt 22-298

B.  APPHCADIIITY ..o 22-298

C. Structural Treatment Control Best Management PractiCes.........c.cccoovvveviveieiiesnnennn. 22-298

D. Criteria for Designing Structural Treatment Control BMPS...........ccccccvviveveiieniinnnnns 22-299

SSCAFCA DPM TABLE OF CONTENTS i



LIST OF TABLES

TABLE D-1. LAND TREATMENTS ... 22-15
TABLE D-2. RATIONAL METHOD RUNOFF COEFFICIENT, C.....ccoooviiiiiiiiiiiiien, 22-16
TABLE D-3. SSCAFCA TREATMENT TYPE PERCENTAGE SUMMARY .....cccoviiiiiiiienn. 22-17
TABLE D-4. CONVEYANCE FACTORS. ........ooiii s 22-18
TABLE D-5. RAINFALL INTENSITY L.t 22-19
TABLE D-6. RECURRENCE INTERVAL POINT PRECIPITATION DEPTHS ..........ccooeeee. 22-20
TABLE E-1. RECURRENCE INTERVAL POINT PRECIPITATION DEPTHS..........cccccveeee. 22-28
TABLE E-2. LAND TREATMENTS ... 22-31
TABLE E-3. SSCAFCA TREATMENT TYPE PERCENTAGE SUMMARY .....ccccoceiiiiivnienn. 22-32
TABLE E-4. INITIAL AND CONSTANT LOSS PARAMETERS ..o, 22-34
TABLE E-5. CONVEYANCE FACTORS ... 22-37
TABLE E-6. LAG EQUATION BASIN FACTORS ..o, 22-38
TABLE E-7. MANNING’S ROUGHNESS COEFFICIENTS .......cooiiiiiiieeec 22-47
TABLE F-1. RECURRENCE INTERVAL POINT PRECIPITATION DEPTHS. ...........ccocee. 22-50
TABLE F-2. LAND TREATMENTS ... .o 22-58
TABLE F-3. SSCAFCA TREATMENT TYPE PERCENTAGE SUMMARY ......c.cccoeinivninn. 22-59
TABLE F-4. INITIAL AND CONSTANT LOSS PARAMETERS ... 22-60
TABLE F-5. CONVEYANCE FACTORS.......coo i 22-64
TABLE F-6. LAG EQUATION BASIN FACTORS ......oiiiiiiiiiie e 22-64
TABLE F-7. MANNING’S ROUGHNESS COEFFICIENTS ..., 22-12
TABLE 10-1. MINIMUM STORM WATER QUALITY CONTROL MEASURES FOR
PRIORITY PROJECTS ...t 22-300
TABLE 10-2. WATER QUALITY STORM EVENT RUNOFF RATE AND VOLUME AS A
PERCENT OF IMPERVIOUS AREA FOR 40-ACRE AND SMALLER SITES...........c.......... 22-301

LIST OF FIGURES

FIGURE D-1. RATIONAL METHOD RUNOFF HYDROGRAPH SHAPE ..........cccociiiiienne, 22-21
FIGURE E-1. 100-YR 6-HR RAINFALL HYETOGRAPH. ..ot 22-29
FIGURE E-2. REPRESENTATION OF RAINFALL LOSS METHODOLOGY. .........ccccvvveunene. 22-33
FIGURE E-3. AHYMO DIMENSIONLESS UNIT HYDROGRAPH ........ccooiiiiieiiiieicc 22-36
FIGURE F-1. 100-YR DEPTH-AREA REDUCTION FACTORS .......ccccoiiiiiiiiii 22-51
FIGURE F-2. 100-YR 6-HOUR RAINFALL HYETOGRAPH .......ccoiiiiiiiie e 22-53
FIGURE F-3. EXAMPLE WATERSHED MAWP .....ccoiiiiiiiiii s 22-54
FIGURE F-4. EXAMPLE WATERSHED DEPTH-AREA REDUCTION.........cccccoviiiiiiiin 22-55
FIGURE F-5. 100-YR 6-HOUR RAINFALL HYETOGRAPH .......cccoiiiiiiii, 22-57
FIGURE F-6. REPRESENTATION OF THE INITIAL AND CONSTANT LOSS
METHODOLOGY ..ottt 22-60
FIGURE F-7. INFLUENCE OF WATERSHED STORAGE ON THE RUNOFF

HYDROGRAPH ...t 22-68
FIGURE F-8. EXAMPLE WATERSHED MAWP ..ot 22-74
FIGURE F-9. EXAMPLE WATERSHED DEPTH-AREA REDUCTION.........ccccociiiiiiiiinn 22-718
FIGURE F-10. 100-YEAR, 6-HOUR RAINFALL HYETOGRAPH.......cc.ccooiiiiiiiiicnic 22-80

SSCAFCA DPM TABLE OF CONTENTS \Y%



FIGURE F-11. EXAMPLE WATERSHED LAND USE CONDITIONS.........cccoiiiiiiiiiiee, 22-84

FIGURE F-12. EXAMPLE WATERSHED FLOW PATHS ... 22-88
FIGURE F-13. EXAMPLE WATERSHED ROUTING REACHES...........cccoooiiiiiii 22-91
FIGURE F-14. REACH 100-R CROSS SECTIONAL GEOMETRY ...cccccoiiiiiiiiiiiiiiie, 22-92
FIGURE F-15. REACH 110-R CROSS SECTIONAL GEOMETRY ...ccocoiiiiiiiiiiiiciiecse, 22-92
FIGURE F-16. 8-POINT GEOMETRY FOR REACH 100-R.......cccccoiiiiiiiiiiii 22-93
FIGURE F-17. 8-POINT GEOMETRY FOR REACH 110-R....c.cccciiiiiiiiiiiiiiicc 22-93

LIST OF PLATES

PLATE 22.3 B-1 VALUES OF MANNING'S N...oooiiiiiiiiiii s 22-116
PLATE 22.3 B-2 TRANSITION HEAD LOSS ...t 22-118
PLATE 22.3 B-3 BEND LOSSES........cooiiiii i 22-120
PLATE 22.3 B-4 LOCATION OF TRANSITION......ccoiiiiiiiiiiiiice e 22-123
PLATE 22.3 B-5 FACTORS FOR CLOSED CONDUITS FLOWING FULL ..........cccceviiien, 22-127
PLATE 22.3 C-1 CONVERGING TRANSITION — SUPERCRITICAL FLOW .........ccoeevinnns 22-138
PLATE 22.3 C-2 BRIDGE PIER LOSSES BY THE MOMENTUM METHOD ..........cc.ce... 22-142

PLATE 22.3 C-3 APPROXIMATE BRIDGE PIER LOSSES BY MOMENTUM METHOD.. 22-143
PLATE 22.3 C-4 APPROXIMATE BRIDGE PIER LOSSES BY MOMENTUM METHOD.. 22-144

PLATE 22.3 C-5 ROLL WAVES ... .o 22-150
PLATE 22.3 C-6 ROLL WAVES ... 22-151
PLATE 22.3 C-7T ROLL WAVES ... s 22-152
PLATE 22.3 D-1 STREET CAPACITY ..o 22-157
PLATE 22.3 D-2 STREET CAPACITY .ottt 22-158
PLATE 22.3 D-3 STREET CAPACITY ..ot 22-159
PLATE 22.3 D-4 STREET CAPACITY ..ot 22-160
PLATE 22.3 D-5 GRATING CAPACITIES FOR TYPE “A”, “C” AND “D” ....c.ccoviiiiininnns 22-161
PLATE 22.3 D-6 GRATING CAPACITIES FOR TYPE DOUBLE “C” AND “D” ................. 22-162
PLATE 22.3 D-7 GRATING CAPACITIES FOR TYPE “B”...coiiiiiiiieiieiieeseee e 22-163
PLATE 22.3 D-8 DESIGN OF SPUN CONCRETE CONNECTOR PIPE FLOWING FULL..22-165
PLATE 22.3 D-9 CATCH BASIN V - DEPTH .....ooiiiiiiiceeee e 22-166
PLATE 22.3 D-10 CALCULATION SHEET .....oooiiiiii s 22-167
PLATE 22.3 D-11 EXAMPLE CATCH BASIN HYDROLOGY PROBLEM .........c.ccccoviiinnnn 22-168
PLATE 22.3 D-12 OPTIMUM SPACING OF STORM INLETS ON A CONTINUOUS

GRADE ... ottt 22-169
PLATE 22.3 E-1 TAIL WATER DEPTH VS. D1..cooiiiiiiiiiiiii e 22-176
PLATE 22.3 E-2 LENGTH OF JUMP IN TERMS OF D1 ...ocoviiiiiiiiiiiieiiecseeee e 22-177

SSCAFCA DPM TABLE OF CONTENTS v



NOTICE

This document was a collective effort by several individuals and, while every
effort was made to provide a superior product, some errors or inconsistencies may
exist. Please assist us by reporting every error or inconsistency that you find.
Corrections will be made periodically and each page will be updated and
corrections logged in an internal tracking system. The official office copy and the
web site version will have all of the latest changes and it is recommended that you

check either of these sources when periodically and starting a new project.
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