CHAPTER 3. HYDROLOGIC ANALYSIS

Presented in this chapter is information useful for hydrologic analyses, and two analysis methods
— the rational method and the HEC-1/HEC-HMS computer programs. The information in this
chapter is intended to facilitate and simplify hydrologic analyses using these methods. There are
other valid hydrologic analysis methods available that can also be used, if appropriate.

31 STORM FREQUENCY AND DURATION CRITERTA

Storm water facilities are sized and designed to handle peak runoff from a design storm. Design
storms are described by a storm frequency and duration. Design storm frequency is the long-term
average number of years in which a given storm event is equaled or exceeded, and is a measure
of the intensity of the storm. Typical city or county design storm frequencies range from 2 years
to 100 years. Design storm duration is the length of time that rainfall occurs in a given storm
event. Typical design storm durations range from several minutes to 10 days or longer. The
combination of design storm frequency and duration determines the design storm’s total
precipitation.

Design storm frequency and duration criteria for a given location are generally established by the
agencies that have responsibility for flood control at that location. City governments normally
establish these criteria for areas within the city boundaries. For areas outside of cities, county
governments often establish the duration/frequency criteria. Summarized below are the design
storm frequency/duration and other relevant criteria established by Solano County and the cities
within the County.

The criteria listed below are only summaries, current as of March 1999. For design of drainage
facilities, the relevant standards should be consulted to obtain the complete current description of
criteria. No design storm frequency/duration criteria are established by this manual.

Dixon

The City of Dixon is revising its design storm criteria. The criteria are defined in the Dixon
Storm Drain Report, dated March 1999, and include:

e For the design of all pipeline conveyance facilities, the hydraulic grade line (HGL)
shall be maintained a minimum of one-half foot below the flow line of all drain inlets
during a 10-year, 24-hour storm event.

e Storm drainage systems for new development shall be designed to convey the
100-year storm. All flow greater than the capacity of the pipe system shall be
conveyed in the street section while maintaining a water surface at least 1 foot below
the finished floor elevations of nearby buildings.

e A 100-year, 4-day storm shall be used for sizing major detention storage areas.
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Vacaville

The City of Vacaville drainage design standards are specified in the City of Vacaville Standard
Specifications, adopted September 11, 1990 and include:

o For determining runoff quantities, the rational method shall be used. The time of
concentration shall be determined using the Solano County Drainage Design Manual
and the rainfall intensities from Figure 4-01 of the City of Vacaville Standard
Specifications (a duration intensity chart).

e A 10-year storm shall be used for design of piped systems with the HGL to remain at
least 1.5 feet below top of curb.

e For discharges to creeks, a 100-year water level in the creek shall be assumed for
calculating the HGL in the drainage system.

e For detention basins, the 10-year and 100-year runoff from the site shall not be
increased over the predevelopment flow rates. In the Alamo Creek watershed
upstream of Peabody Road, the 10- and 100-year peak flows shall be reduced to
90 percent of the predevelopment peak flows.

e If accepted by the City Engineer/Director of Public Works, permanent open ditches
shall be sized for a 100-year storm with at least 6 inches of freeboard (2 feet of
freeboard for temporary ditches).

Fairfield

The Fairfield drainage design standards are established in the document City of Fairfield, Solano
County, Standard Specifications & Details and listed below:

e For design areas of less than 640 acres, a 15-year frequency shall be used and the
analysis method shall be the rational method.

e For arcas between 640 and 3,200 acres, a return frequency of 25-years shall be used
and either the rational method or unit hydrograph method may be used. For use of the
unit hydrograph method, the reader is referred to the Solano County Hydrology and
Drainage Design Procedure Manual.

e TFor areas greater than 3,200, acres the 100-year, 24-hour design storm and the unit
hydrograph method shall be used.

e Pipes shall be sized to convey the appropriate storm without surcharging. If
surcharging is permitted by the City Engineer, the HGL must remain 1.5 feet below
the top of curb.

e Floodwaters shall be contained within public rights of way and release points shall
prevent floodwaters from exceeding 0.5 feet above the top of curb.

e For detention basins, a 100-year, 24-hour storm and the unit hydrograph method shall
be used. The peak discharge from the basin may not exceed 90 percent of the
predevelopment peak or the capacity of the downstream system.
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If permitted, open channels shall be designed to carry the 100-year flood with 1.0 foot
of freeboard.

Bench drains and diversions ditches shall be designed to convey the 100-year storm
runoff.

Suisun City

The Suisun City drainage design standards are contained in the City of Suisun City Design

Standards,

Standard Specifications, and Details, dated 1996. These criteria are area- and

performance-based and include:

Rio Vista

For design areas of less than 640 acres, a 15-year frequency shall be used and the
analysis method shall be the rational method.

For areas between 640 and 3,200 acres a return frequency of 25-years shall be used
and either the rational or unit hydrograph method may be used. For use of the unit
hydrograph method, the reader is referred to the Solano County Hydrology and
Drainage Design Procedure Manual.

For areas greater than 3,200 acres, a return frequency storm of 100-years and the unit
hydrograph method shall be used.

Pipes shall be sized to convey the appropriate storm without surcharging.

Floodwaters shall be contained within public rights of way and release points shall
prevent floodwaters from exceeding 0.5 feet above the top of curb.

For detention basins a 100-year, 24-hour design storm and the unit hydrograph
method shall be used. The peak discharge from a detention basin shall not exceed
95 percent of the predevelopment peak or the capacity of the downstream system.

If permitted, open channels shall be designed to carry the 100-year flood with 1.0 foot
of freeboard.

Rio Vista’s drainage design criteria are performance-based, presented in Design Standards and
Standard Plans, dated 1995, and include:

Improvements to be designed for the 10-year storm shall generally include local
drainage facilities for residential, commercial, office, and industrial developments.
This shall almost always include all closed conduits and minor channel sections.

Generally, improvements requiring a 100-year design capacity include open channels
and detention basins.

The actual storm frequency used for any facility shall be specified at the discretion of
the City Engineer.

One foot of freeboard shall be maintained below the top of curb for the 10-year storm.
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e Drainage from areas shown as future development in the City’s General Plan shall be
provided for using the City’s design standards. For all other areas, runoff shall be
calculated using the County of Solano Hydrology and Drainage Design Procedure
Manual.

Vallejo

The Vallejo drainage design standards are defined in the Vallejo Sanitation and Flood Control
District Guide to Existing Policies and Engineering Design Standards, dated August 1988. The
District’s criteria are area- and performance-based, and include the following:

e Storm drain conveyance facilities draining areas of less than 200 acres shall be sized
using the rational method. For drainage areas greater than 200 acres, facilities shall be
sized using any commonly accepted unit hydrograph method (the County of Solano
Hydrology and Drainage Design Procedure Manual method is referenced).

e The protection level shall be a function of drainage area, with areas less than
640 acres requiring a 15-year level of protection and duration equal to the time of
concentration. For areas greater than 640 acres, a 100-year level of protection shall be
achieved with the duration equal to the time of concentration. For detention basins,
the duration shall be 24 hours. However, the district may require a higher level of
protection at its discretion. For example, for sizing spillways the design storm shall be
the 24-hour probable maximum flood.

e The energy grade line in gravity storm sewers shall be at least 2 feet below all
manhole covers, gratings, and inlets when operating at design flow.

o Intensity-duration-frequency curves, storm distributions, and runoff coefficients for
use in Vallejo are provided in figures and tables in the Design Standards.

e Design tide elevation shall be 3.5 feet, and the Solano County Hydrology and
Drainage Design Manual is referenced.

Benicia

The City of Benicia drainage design standards are defined in the City of Benicia Public Works
Department Engineering Design Standards and Standard Plans dated December 1992. Benicia’s
criteria are area- and performance-based, including:

e Storm runoff shall be calculated in accordance with the County of Solano Hydrology
and Drainage Design Procedure (area-based criteria in the County’s manual).

e Drainage design shall include a minimum of 1.0 foot of freeboard.
Solano County

For drainage facilities located in or affecting roadways, the design criteria are established in
Solano County’s Road Improvement Standards and Land Development and Subdivision
Requirements, adopted August 27, 1996 and modified August 5, 1997. These criteria include:

June 1999 3-4 SCWA Hydrology
074198-04\hydro



e Open channels are appropriate in rural areas, and shall be sized for:

— 100-year storm with no freeboard for drainage areas greater than 3,200 acres

— 100-year storm with no freeboard for drainage areas from 640 to 3,200 acres if
urbanization exceeds 75 percent

—  25-year storm with 0.5 ft freeboard for drainage areas from 640 to 3,200 acres if
urbanization is under 75 percent

— 10-year with 1.0 ft freeboard for drainage areas smaller than 640 acres

e Culverts shall be sized for a 10-year storm without head on the inlet under free outfall
conditions, and a 100-year storm with a head not higher than the outside edge of the
graded road shoulder.

e Pipe drainage systems shall be sized for a 10-year storm without head, and a 100-year
storm using the head in the appurtenant structures.

e Bridges shall be designed to convey a 50-year storm flow with 2 feet of freeboard and
a 100-year storm flow with no freeboard.

3.2 ANALYSIS METHOD SELECTION

Two of the most widely used runoff analysis methods are the rational method and the computer
program HEC-1 (HEC stands for Hydrologic Engineering Center, and “1” indicates the Flood
Hydrograph Package). HEC-HMS (HMS stands for Hydrologic Modeling System) is a revision
of HEC-1 released in March 1998 by the Hydrologic Engineering Center. HEC-HMS is a
program for use with Microsoft Windows that is nearly equivalent to HEC-1. In this hydrology
manual, use of HEC-1 and HEC-HMS are considered equivalent. The criteria for selection of
these analysis methods are presented in Table 3-1.

Table 3-1. Runoff Analysis Method Selection Criteria

Selection Criteria Analysis Method
Analysis area is less than 200 acres Rational Method, HEC-1, or
HEC-HMS
Analysis area is equal to or greater than 200 acres HEC-1 or HEC-HMS
Drainage facilities include a detention basin or reservoir HEC-1 or HEC-HMS

3.3 RATIONAL METHOD
The rational method equation for design discharge is:

Q=C]* A (Equation 3-1)
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where

= design discharge in cfs
runoff coefficient
rainfall intensity in in/hr
= drainage area in acres

=00

The rational method has received extensive use and application because of its simplicity. The
rational equation is based on the premise that for a given basin, the peak runoff rate is directly
proportional to rainfall intensity. Implicit in this relationship are several assumptions. It is
presumed, for example, that the rate of runoff is maximum when the entire basin is contributing.
Thus, maximum runoff is achieved when the rainfall duration is equal to or greater than the time
of concentration, i.e. the time required for runoff from the most remote point in the drainage area
to reach the design point.

The rational method also assumes that the frequency of peak discharge 1s the same as the
frequency of the design storm. The method further assumes that all streams within the drainage
area have similar runoff characteristics, and that rainfall is uniformly distributed over the area
throughout the time of concentration. Determination of the runoff coefficient and the time of
concentration are difficult because these parameters depend on several factors. Furthermore, the
rational equation has not been verified for large drainage areas.

Because of the foregoing assumptions and limitations, the rational method is recommended for
application to small drainage areas only. As listed in Table 3-1, it is recommended that the
rational method be used only when the drainage area is less than 200 acres.

Runoff Coefficient

The runoff coefficient C can be estimated by land use type using the values presented in
Table 3-2. For unlisted or non-typical land uses, it may be desirable to determine C as a
composite coefficient based on the areas of different land uses within the watershed. Values of C
for various surface types are also listed in Table 3-2. For watersheds with more than one land use
type, area weighted average C values should be developed.

The coefficients tabulated in Table 3-2 apply to storms with a return period of ten years. For
return periods greater than ten years, the coefficient should be adjusted according to the
relationships shown in Figure 3-1. For return periods less than 10 years, the 10-year values
should be used.

Time of Concentration

The time of concentration, t,, is the time required for surface runoff from the most remote part of
the drainage area to reach the design point. This time (t,) is the sum of an overland flow time, t,,
gutter flow time t, (time of flow within gutter or other well-defined channel such as a road side
ditch), and pipe flow time t.. In some situations, some of these terms may not be included, and
other terms may be used more than once. For example in rural areas, t, may be used twice for a
roadside ditch and a creek channel, and there may be no drainage pipe systems, so t, would be
omitted.

June 1999 3-6 SCWA Hydrology
074\98-04\hydro .



Table 3-2. Runoff Coefficient for 10-Year Return Frequency®

Land Use c®

Residential

Apartments/condominiums 0.50 to 0.70

Single family (6 - 8 units per acre) 0.50 to 0.60

Single family (4 - 6 units per acre) 0.40 to 0.50

Single family (2 - 4 units per acre) 0.30 to 0.40

Single family (1 - 2 units per acre) 0.25 to 0.35
Commercial

Downtown 0.70 to 0.95

Neighborhood 0.50 to 0.70
Industrial

Light 0.50 to 0.80

Heavy 0.60 to 0.90
Parks, cemeteries 0.10 to 0.25
Playgrounds 0.20 to 0.35
Railroad yard 0.20t0 0.35
Unimproved urban areas 0.10 to 0.30
Agricultural/Open Space

Cultivated 0.20 to 0.50

Pasture 0.15t0 0.45

Oak Timber & Brush 0.10t0 0.40
Surface Types

Asphaltic and Concrete 0.70 to 0.95

Brick 0.70 to 0.85

Roofs 0.75 t0 0.95

Lawns 0.15t0 0.35

@ For other return periods, adjust C coefficient based on Figure 3-1.

®  For areas with slopes of 1 percent or less, use values in the low end of the
given range; for areas with slopes greater than 1 percent and up to
5 percent, use values in the middle of the given range; for areas with slopes
greater than 5 percent, use values in the high end of the given range.
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The overland flow time depends on several basin characteristics including slope, distance
traveled by surface flow, surface storage and cover, land use, antecedent runoff, and soil
infiltration capacity. Overland flow time (t,) can be determined from Figure 3-2, which relates
travel time to the distance of overland travel, ground slope, and the runoff coefficient, or
calculated using the following equation:

/ D .
t, = W*(lS.S—l(ﬁ.S*C) (Equation 3 - 2)

where

overland flow time in minutes
overland flow distance in feet
slope in percent

= runoff coefficient from Table 3-2

O v Jds

Gutter flow and pipe flow velocities (in pipes and channels) are determined from the Manning

formula:

V=

where

g e <

1.486 4 R23 4 g2 (Equation 3-3)
1n

flow velocity in pipe or channel, in feet per second
Manning roughness coefficient from Table 3-3
hydraulic radius, A /P, in feet

flow cross-sectional area, in square feet

wetted perimeter, in feet

channel or pipe longitudinal slope in feet/foot

Recommended values of the Manning coefficient n are tabulated in Table 3-3 for various pipes
and open channels. The n values are summarized primarily from the following references, which
should be consulted if more detailed information is required.

Chow, V. T. (1959). Open Channel Hydraulics, McGraw-Hill Book Company, New

York, NY.

U.S. Geological Survey (Harry H. Barnes, Jr.) (1967). Roughness Characteristics of
Natural Channels, Water Supply Paper No. 1849, United States Government Printing

Office.

Metcalf & Eddy Inc. (George Tchobanoglous) (1981). Wastewater Engineering:
Collection and Pumping of Wastewater, McGraw-Hill Book Company, New York, NY.

Water Environment Federation/American Society of Civil Engineers (1992). Design and
Construction of Urban Stormwater Management Systems, American Society of Civil
Engineers and Water Environment Federation.
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Figure 3-2. Tavel Time for Overland Flow
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Table 3-3. Manning Roughness Coefficients (n values) for Pipes and Channels

Conveyance Material Manning n
Closed Conduits
Concrete
1.Precast or cast-in-place 0.013 - 0.015
2.Steel troweled or smooth-form finish 0.014 - 0.016
3.Wood float or broomed finish; including pneumatically applied mortar 0.014 - 0.017
Corrugated metal pipe
1. Plain 0.022 - 0.026
2. Paved invert 0.018 —0.022
3. Spun asphalt lined 0.011 -0.015
Plastic (HDPE, PVC) 0.008 — 0.015
Vitrified clay 0.011-0.015
Steel, coated 0.010 - 0.017
Brick 0.013-0.017
Open Channels
Excavated or Dredged
1. Earth, straight and uniform 0.020 - 0.030
2. Earth, winding and fairly uniform 0.025 - 0.040
3. Rock, smooth and uniform 0.025 -0.033
4. Rock, jagged and irregular 0.035-0.045
5. With short grass, few weeds 0.022 — 0.033
6. Unmaintained, abundant vegetation as tall as flow depth 0.050-0.140
Lined
1. Asphalt 0.013-0.017
2. Brick 0.011-0.018
3. Concrete 0.011 -0.020
4. Riprap or rubble 0.020 - 0.035
5. Sack concrete riprap: Grouted rock riprap 0.028 - 0.032
6. With short grass, few weeds 0.022 - 0.033
7. 7. Unmaintained, abundant vegetation as tall as flow depth 0.050—0.140
Natural Stream Channels
1. Clean, straight bank, full stage no rifts or deep pools 0.025 -0.033
2. Same as (1), but some weeds and stones 0.030 - 0.040
3. Clean, winding, some pools and shoals 0.033 - 0.045
4. Same as (3), lower stages, more ineffective slope and sections 0.040 - 0.055
5. Same as (3), some weeds and stones 0.035 -0.050
6. Same as (5), stony sections 0.045 - 0.060
7. Sluggish river reaches, rather weedy or with very deep pools 0.050 - 0.080
8.  Very weedy reaches, trees or underbrush 0.075 - 0.150
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Gutter/pipe flow times are calculated by dividing gutter/pipe length by the water velocity
calculated with these equations:

t, = L/V/60 (Equation 3-4)

t,=L/V/60 (Equation 3-5)
where

t, = gutter travel time in minutes

t, = pipe travel time in minutes

L = length of gutter or pipe in feet

V = water velocity in feet/second

For pipe flow, it may be assumed that the pipe is flowing full, which means that R = pipe
diameter divided by 4. For gutters, it may be assumed that the gutter is flowing with the water
level at the top of curb. For ditches/channels, it may be assumed that the ditch/channel is flowing
with the water level at the top of bank.

Rainfall Intensity

In using the rational equation, it is necessary that a rainfall intensity be determined to match the
time of concentration. To calculate the rainfall intensity, a design return period is selected from
the criteria specified by the appropriate governmental agency, the mean annual precipitation
(MAP) is determined from Figure 2-2, and the storm duration is set equal to the time of
concentration (t). The rainfall depth is read/interpolated from Tables 3-4A or 3-4B.
Alternatively, a formula for the rainfall depth as a function of MAP, return frequency, duration,
and other statistical variables is presented on Page 10 of the report Design Rainfall for Solano
County (see Appendix A).

The rainfall intensity is calculated by dividing the rainfall depth by the duration of the design
storm (in hours).

Analysis Procedure
The procedure for use of the rational method is as follows:

1. Delineate area tributary to the analysis point and determine the area in acres.

2. Obtain runoff coefficient C for appropriate land use within subshed from Table 3-2. If
various land uses exist within the subshed, compute an area-weighted average C
value.

3. Determine the average MAP over the tributary area from Figure 2-2.

4. Delineate the flow path to the analysis point with the longest time of concentration. It
may be necessary to check several potential flow paths. Measure the overland flow
length, gutter/channel flow length, and pipe flow length.
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Table 3-4A. Solano County Design Rainfall for San Francisco Bay Drainage Region

2-Year Return Period
MAP 5Min§lOMin|lS MinlSOMin? | Hr 5 2 Hr I 3 Hr l 6 Hr | 12 Hr ¢ lDayl ZDayE 3Day§ 4Dav§ SDa.yE 6Day§ SDayi iOdainS Day|20Dayi30Day§GODayi Year
12 | 013 018 021 028 038 051 061 082 111 149 195 204 230 248 267 298 331 387 465 513 754 1361
15 | 014 019 022 030 041 055 065 08 118 159 207 219 247 267 287 321 357 416 497 550 811 1458
16 | 015 020 024 0312 043 059 070 094 126 170 220 234 264 286 3.07 344 382 445 529 587 568 1555
17 | 016 021 025 034 046 062 074 100 134 181 232 249 281 305 327 367 407 474 S61 624 025 1653
18 | 017 023 027 036 049 066 078 106 142 191 245 264 297 324 347 391 433 503 593 661 982 1750
19 | 018 024 028 038 052 070 085 LIl 150 202 257 279 314 343 367 414 458 533 625 698 1039 1847
20 | 019 025 030 040 054 073 087 117 158 213 270 294 331 362 387 437 483 562 657 735 1096 1944
32 | 021 028 033 044 060 08 096 129 174 234 294 324 365 400 427 483 534 620 721 809 1210 2139
24| 022 030 036 048 065 088 105 141 190 255 319 354 399 438 467 S30 584 679 785 884 1324 23133
26 | 024 033 030 052 071 095 113 152 205 276 344 384 433 476 507 576 635 737 849 958 1438 2527
28| 026 035 042 057 076 102 122 164 221 298 369 414 467 513 547 622 685 79 913 1032 1552 2722
30 | 028 038 045 061 082 LI0 131 176 237 319 394 444 501 551 587 669 736 854 978 1106 1666 29.16
32 | 030 040 048 065 087 117 139 188 253 340 419 474 534 589 628 T.I5 786 903 1042 1180 1780 3111
34 ] 032 043 051 069 052 124 148 199 268 361 444 504 568 627 668 761 837 971 1106 1254 1894 33.05
36 | 034 045 054 073 098 132 157 211 28 38 460 5S4 602 665 708 08 888 1030 1170 1328 2008 3500
38 | 036 048 057 077 103 139 166 223 300 404 494 564 636 7.03 748 B854 938 1088 1234 1402 2122 36.94
40 | 037 050 060 081 109 146 174 235 316 425 519 504 670 T4l 788 900 989 1147 1298 1476 2236 I8.58
45 | 042 057 067 081 122 165 196 264 355 478 582 660 155 836 888 1006 1115 1293 1458 1662 2521 4375
5-Year Return Period
MAP | 5 Min 10 Min[ 15 Min[30Min] THr | 2Hr | 3Hr | 6Hr | 12Hr| | Day] 2Day | 3Day | 4Day | 5 Day [ 6 Day | 8 Day | 10 day] 15 Day] 20 Day] 30 Day] 60 Day| Year
14 | 018 025 0290 040 053 072 085 115 155 208 281 293 327 354 381 422 462 533 639 706 1025 1780
15 ] 020 026 032 042 057 077 092 123 166 223 299 315 351 380 410 455 497 S74 683 757 1102 1907
16 | 021 028 034 045 06 082 098 131 177 238 317 336 375 408 438 488 532 614 727 808 1L80 2034
17 | 022 030 036 048 065 087 104 140 188 251 335 358 399 435 467 520 567 654 771 859 1257 2162
18 024 032 038 0.51 0.69 0.92 1.10 1.48 1.99 2.68 3.53 3.80 4.23 4.62 495 553 6.02 6.95 8.15 9.10 13.35 22.89
19 | 025 034 040 054 072 097 116 156 210 28 371 401 447 489 524 586 638 735 E59 960 1412 2416
20 | 026 035 042 057 076 103 122 164 221 298 389 423 471 517 553 619 673 775 903 1041 1490 2543
22 | 020 039 046 062 084 113 134 181 243 328 425 466 519 571 610 684 743 856 992 1113 1645 27.97
24 | 031 042 050 068 091 123 146 197 265 357 461 509 568 625 667 750 Bl4 937 1080 1215 1800 3052
26 | 034 046 055 074 089 133 159 214 285 387 497 552 616 679 724 816 884 1018 1168 1317 1955 33.06
28 | 037 049 059 079 107 144 L7 230 310 417 533 595 664 733 7Bl 881 054 1098 1256 1419 2110 3560
30 | 039 053 063 085 114 154 18 246 332 447 569 639 712 787 839 947 1025 1179 1344 1521 2265 3814
32 | 042 056 047 091 122 164 195 263 354 477 605 682 760 841 896 1013 1095 12.60 1432 1623 2420 4069
34 | 045 060 071 096 129 174 207 279 376 506 641 725 808 895 953 1078 1166 1340 1520 1725 2595 4323
36 | 047 064 076 102 137 185 220 296 398 536 678 768 857 950 1000 1144 1236 1421 1609 1827 2730 4577
33 | 050 067 080 107 145 195 232 312 420 566 714 811 905 1004 1068 1210 13.06 1502 1697 1929 2585 4832
40 1 052 071 084 113 152 205 244 329 442 596 750 855 953 1058 1125 1275 1377 1582 1785 2031 3040 5086
45 059 0.79 095 127 1.71 2.31 2.75 3.70 4.98 6.70 8.40 9.62 1073 1193 1268 1439 1553 1784 2005 2285 3427 5722
10-Year Return Period
MAP | 5 Min [ 10 Mia] 15 Min[30Min] t1Hr | 2Hr [ 38 | 63 [ 125 ] 1Day] 2Day [ 3Day | 4Day | 5 Day [ 6 Day | 8 Day | 10 day] 15 Day] 20 Day] 30 Day] 60 Day| Year
14 | 022 030 035 047 064 086 102 137 185 249 340 354 393 41l 442 489 544 623 745 825 1185 2022
15 | 023 032 038 05l 068 092 109 147 198 267 362 380 422 443 476 527 585 670 797 885 1274 2167
16 | 025 034 040 054 073 098 117 157 211 285 383 406 450 474 509 565 627 TAT 848 945 1364 2311
17 | 027 036 043 057 077 104 124 167 225 302 405 432 479 505 542 603 668 764 900 1004 1453 24.56
15 | 028 038 045 061 082 110 131 177 238 320 427 458 508 537 575 641 710 811 951 1064 1543 26.00
19 | 030 040 048 064 086 116 138 18 251 338 449 434 537 563 608 679 751  £59 1002 1123 1633 2745
20 | 031 042 050 068 091 122 146 196 264 356 470 510 566 600 642 717 793 906 1054 1183 1722 2889
22 | 034 046 055 074 100 135 160 216 291 391 514 562 624 663 7.08 793 875 1000 1157 13.02 1901 3178
24 | 038 051 060 081 109 147 175 235 307 427 558 614 682 725 774 869 958 1084 1250 1421 2081 3467
26 | 041 055 065 088 LIS 159 189 255 343 462 601 667 740 788 841 945 1041 1188 1362 1541 2260 3756
28 | 044 059 070 095 127 L7 204 275 370 498 645 719 798 BS51 907 1021 1124 1233 1465 1660 2439 4045
30 | 047 063 075 101 136 184 219 294 396 533 688 771 856 904 974 1097 1207 1377 1568 1779 2618 4334
32 | 050 067 080 108 146 196 233 314 423 569 732 823 913 977 1040 1173 1290 1471 1670 1898 2797 4622
34 | 053 072 085 LIS 1S5 208 243 334 449 605 775 875 071 1040 11.07 1249 1373 1565 1773 2018 2976 4911
36 ] 056 076 090 122 164 220 262 353 475 640 819 927 1029 1102 1173 1325 1456 1660 1876 2137 3156 52.00
38 | 059 080 085 128 173 233 277 373 502 676 863 979 1087 1165 1239 1401 1539 1754 1979 2256 3335 5489
40 | 063 084 100 135 182 245 291 392 528 711 906 1031 1145 1228 1306 1477 1622 1848 2082 2375 31514 5778
45 | 070 095 113 152 205 275 328 44l 594 800 1005 1162 1290 [3.85 1472 1667 1829 2084 2339 2673 1962 65.00

15-Year Return Period

MAP | 5 Min |10 Min] 15 Min 30 Min! 1Hr | 2Hr | 3Hr [ 6Hr | 12Hr{ 1 Day{ 2Day [ 3Day | 4Day | 5 Day | 6 Day| 8 Day | 10 day| 15 Day] 20 Day| 30 Day] 60 Day] Year
14 | 024 03z 038 052 069 093 LIl 150 202 271 373 388 429 460 495 546 589 671 803 890 1265 2150
15 | 026 034 041 055 074 100 LI9 180 216 291 397 417 461 496 533 589 634 722 858 955 1365 2304
16 | 027 037 044 059 079 107 127 L7l 230 310 4320 445 492 531 570 631 679 773 914 1019 1461 2457
17_] 025 039 047 063 084 113 135 182 245 330 444 474 524 566 607 674 724 824 969 1083 1557 2611
18 | 031 041 049 066 089 120 143 193 259 349 468 502 556 601 644 716 769 875 1024 1148 1653 2765
19 | 032 o044 052 o070 o094 127. 151 203 274 368 492 s3I 587 636 681 759 813 925 1080 1242 1749 2918
20 | 034 046 055 074 099 134 159 214 288 388 516 559 619 672 718 801 858 976 1135 1276 1845 3072
22 | 038 051 060 081 109 147 175 235 317 427 584 617 682 742 793 886 048 1078 1246 1405 2037 3379
24 | 041 055 066 088 LI19 160 191 257 346 465 612 674 746 812 867 971 1038 1179 1356 1534 2220 36.86
26 | 044 060 071 095 129 174 207 278 174 S04 660 731 509 B.83 942 1056 1128 1281 1467 1662 2421 3993
28 | 048 064 077 103 139 187 222 300 403 543 707 788 872 953 1016 1141 1218 1382 1578 1791 2613 4301
30 | 051 069 082 110 149 200 238 121 432 582 755 B45 935 1023 1090 1226 13.07 1484 1689 1909 2805 4608
32 | 055 074 088 118 159 214 254 342 461 621 803 902 999 1094 1165 1311 1397 1586 1799 2048 2998 4515
34 | 058 078 093 125 169 227 270 364 490 639 851 959 1062 1164 1239 1396 1487 1687 19.00 2177 3190 5222
36 | 061 083 098 133 179 240 28 385 518 698 899 1007 1125 1235 1304 1481 1577 17.89 2021 2305 3382 5529
38 1 065 087 104 140 188 254 302 406 547 737 946 1074 1189 13.05 1383 1566 1667 1890 2132 2434 3574 5836

40 1 068 092 109 147 198 267 318 428 576 776 994 1131 1252 1375 1462 1651 1757 1992 2242 12563 3765 6144

45 1077 103 123 166 223 300 358 48] 648 873 1114 1274 1410 1551 1648 1863 1981 2246 2519 2884 4246 6912

June 1999
OHE-byedraich Dt SCWA Hydrology



Table 3-4A. Solano County Design Rainfall for San Francisco Bay Drainage Region

25-Year Return Period
MAP | 5 Min [1oMin[ 15 Min[30Min| 1 He | 2Hr | 3Hr [ 6 | 1280 1Day] 2Day | 3Day {4 Day | 5 Day] 6 Day | 8 Day | 10 day] 15 Day| 20 Day] 30 Day| 60 Day] Year
14 | 026 035 042 057 077 103 123 165 222 299 413 430 474 507 545 600 643 7133 876 965 1360 2398
15 ! 028 038 045 06 08 L1031 L77 238 331 440 461 509 545 586 647 652 782 936 1038 1472 2463
16 | 030 041 048 065 087 118 140 189 254 342 466 493 544 584 627 695 741 844 996 1108 1576 2627
17 1032 043 051 069 095 125 149 200 270 363 493 525 579 623 668 740 790 899 1057 1178 1679 2701
I8 | 034 046 054 073 098 132 158 212 2.8 385 519 556 614 661 709 T87 839 955 1117 1248 1783 29.55
19 ! 036 048 057 077 104 140 166 224 302 406 546 588 649 700 750 833 888 1000 1178 1318 1886 3119
20 | 038 051 060 08 109 147 175 236 317 427 572 620 684 739 790 880 937 1065 1238 1387 1990 3284
22 | 041 056 066 089 120 162 193 259 349 470 635 683 754 816 872 974 1035 1176 1359 1527 2197 3612
24 | 045 061 072 097 131 177 210 283 381 513 678 746 824 894 954 1067 1133 1287 1479 1667 2404 39.40
26 1 049 086 078 106 142 191 228 306 413  S56 731 810 894 971 1036 1160 1231 1398 1600 18.07 2611 4269
28 | 053 071 084 114 153 206 245 330 444 S98 734 873 964 1048 1LI18 1254 1320 1500 1721 1947 2318 4597
301 056 076 090 122 164 221 263 354 476 641 837 936 1034 1126 1200 1347 1427 1620 1842 2086 3025 4925
32 1 060 081 096 130 175 235 280 377 S08 684 890 1000 1103 1203 1281 1440 1526 1730 1963 2226 3232 5254
34 | 064 086 102 138 186 250 298 401 540 737 943 10.63 1173 1281 1363 1534 1624 1841 2083 2366 3439 5582
36_1 068 091 10?146 197 265 315 424 S71 769 996 1126 1243 I358 1445 1627 1722 1952 2204 2506 3646 5910
38 0.71 096 1.15 1.54 2.08 2.80 333 448 6.03 8.12 1049 1190 13.13 1436 1527 17.20 1820 2063 23.25 26.46 3853 62.39
40 0.75 1.01 1.21 1.62 2.19 294 3.50 472 635 B.55 11.02 12,53 13.83 1513 1609 18.14 1918 2174 2446 2786 4060 65.67
45 0.85 1.14 136 1.83 2.46 3.31 3.94 5.30 7.14 9.62 1235 1411 1558 17.07 1813 2047 2163 2451 2747 31.35 4577 7388

50-Year Return Period
MAP | 5Min | 10 Min] 15 Min[30Min] 1Hr | 2Hr | 3Hr | 6Hr | 12Hr | | Day| 2Day | 3 Day | 4 Day | 5 Day | 6 Day | 8 Day | 10 day] 15 Day] 20 Day| 30 Day] 60 Day] Year

H
14 | 030 040 047 064 086 116 138 185 249 336 467 485 534 567 610 671 713 803 959 1069 1495 2487
151032 043 051 068 092 124 147 198 267 360 497 521 573 610 656 723 768 864 1025 1146 16.09 26.65
16 1 034 045 054 073 098 132 157 212 285 384 527 557 612 654 702 775 822 924 1091 1223 1722 28.42
17_| 036 048 057 077 104 140 167 225 303 408 557 593 652 697 747 827 877 985 1157 13.00 1835 3020
8 1038 0S50 061 08 110 149 177 238 321 432 S87 628 691 740 793 880 931 1046 1223 1378 1948 3198
19 1040 054 064 087 116 157 187 251 338 456 617 664 730 784 839 932 985 1107 1289 1455 2061 3375
20 | 042 057 068 091 123 165 196 265 356 479 647 700 770 827 885 984 1040 1167 1356 1532 2174 135.53
22 | 046 063 074 100 135 182 216 291 392 527 706 771 848 914 976 1088 1149 1289 1488 1686 2400 39.08
24 | 051 068 081 109 147 198 236 317 427 575 766 843 927 1000 1068 1193 1257 1410 1620 1841 2626 42.64

26 1 055 074 088 118 159 215 255 344 463 623 826 914 1006 1087 1160 1297 1366 1532 1752 19.95 2853 46.19
28 | 059 080 095 127 172 231 275 370 499 671 836 986 1084 1174 1251 1401 1475 1653 1884 2149 13079 4974
30 | 063 085 101 137 184 248 295 397 534 719 946 1057 1163 1260 1343 1506 1584 1774 20.17 23.04 3305 5320

32 ] 068 091 108 146 196 264 314 423 570 767 1006 1129 1242 1347 1435 1610 1693 1896 2149 2458 353] S6.85
34 | 072 097 115 155 208 281 334 450 605 815 1066 1200 1320 1434 1526 17.14 1801 2017 2281 2613 3757 6040
36| 076 102 122 164 221 297 354 476 641 863 1126 1272 1399 1520 1618 1819 1910 2139 2413 27.67 30.83 63.95
38 | 030 108 129 L73 233 314 373 503 677 901 1186 1343 1478 1607 17.00 1923 2019 22.60 2546 2921 42.10 6751
40 | 084 L14 135 182 245 330 393 529 7.2 9.59 1245 1415 1556 1694 1801 2028 2128 2382 2678 3076 4436 71.06
45 | 095 128 152 205 276 371 442 595 801 1079 1395 1593 1753 1910 2030 2289 2400 2685 3008 3462 5001 79.94

100-Year Return Period

MAP [ 5Min {10 Min[15Min[30Mia] 1Hr [ 2B [ 38 | 6Hr [ 128r] 1Day | 2Day [ 3Day [ 4 Day 1 5 Day | 6 Day | 8 Day | 10 day] 15 Day] 20 Day] 30 Day| 60 Day] Year
14 | 033 044 052 070 095 128 152 205 276 371 519 540 591 626 673 740 781 873 1043 1165 1615 2669
15 | 035 047 056 076 102 137 163 219 295 398 553 3579 635 674 724 797 841 939 [L14 1249 1737 2854
16 | 037 050 060 08 108 146 L74 234 315 424 SB6 619 679 722 774 855 900 1006 1.86 1334 1859 3044
17| 040 053 064 086 LIS 155 185 249 335 451 619 659 722 769 825 912 960 1072 1258 1418 1981 3234
18 | 042 057 067 081 122 164 196 263 354 477 653 699 766 817 876 970 1020 1138 1330 1502 2103 3424
19 | 044 060 071 09 129 173 206 278 374 504 686 738 809 865 926 1027 1079 12.04 1402 1586 2226 3615
20 | 047 063 075 101 136 183 217 292 394 530 719 778 853 913 977 1085 1139 1270 1474 1670 2348 3805
22 | 051 069 082 LIl L49 201 239 322 433 583 736 858 940 1009 1078 1200 1258 1402 1618 1338 2557 4185
24 | 056 075 090 121 163 219 261 351 473 636 852 937 1027 1104 1L79 1315 1377 1534 1761 2007 2836 4566
26 | 061 082 097 131 176 237 282 380 512 689 0.9 1007 1114 1200 1230 1430 1496 1666 19.05 2075 3080 4946
28 | 065 088 105 141 190 256 304 409 551 742 986 1096 1202 1296 1381 1545 1615 1798 2049 2343 3325 5127
30§ 070 094 LIz LSI 203 274 326 439 591 795 1052 1175 1239 1391 1482 1660 1735 1930 2193 2512 3569 §707
322 | 075 101 120 161 217 292 348 468 630 848 1119 1255 1376 1487 1583 1775 18.54 2063 2336 2680 3813 6088
34 | 079 107 127 171 231 310 369 497 669 901 1186 1334 1463 1582 1685 1890 1973 2195 2480 2848 4057 6468
36 | 084 113 135 181 244 329 391 526 T.09 954 1252 1414 1550 1678 17.86 2005 2092 2327 2624 3016 4302 6849
38 | 0.89  LI9 142 191 258 347 413 556 748 1007 1319 1493 1637 1774 1887 2120 2211 2459 27.68 3185 4546 7229
40 | 093 126 150 201 271 365 434 585 788 1050 1385 1573 1725 1869 1988 2235 2330 2591 2002 3353 4790 7610
45 | 105 141 168 2327 3085 411 489 658 886 1193 1552 1772 1943 21090 2241 2523 2628 2921 3271 3774 5401 8561

200-Year Return Period
T

MAP | 5 Min {10 Min[ 15 Min[30 Minj 1Hr [ 2Hr [ 56 [ 6Hr [ 12 He{ 1 Day| 2Day{ 3Day | 4Day| 5 Day| 6 Day | & Day | 10 day| 15 Day| 20 Day] 30 Day| 60 Day| Year
14 | 036 048 057 077 104 140 166 224 3.02 406 571 593 648 683 735 807 847 941 1123 1258 1701 2830
15 | 038 052 061 083 L1l 150 178 240 323 435 608 637 696 736 790 870 902 1012 1200 1349 1830 1043
16 | 041 055 065 088 119 160 150 256 345 464 644 680 744 788 846 932 976 1084 1278 1440 1950 3235
17 | 043 058 070 094 126 170 202 272 3.66 <493 681 724 791 840 901 995 1041 1155 13.55 1531 2087 3437
18 | 046 062 074 099 133 180 214 288 388 522 718 768 839 892 956 1058 1105 1226 1433 1622 2216 3639
19 ] 049 065 078 105 14l 190 226 304 409 551 754 812 887 945 1041 1121 1170 1297 1500 17.13 2345 3841
20 | 051 069 082 110 148 200 238 320 431 580 791 855 935 997 1067 1184 1235 1368 1588 18.04 2473 4044
22 | 056 076 090 121 163 220 261 352 474 638 864 943 1030 1101 1177 1309 1364 1511 1742 1986 2730 4448
24 ] 061 083 098 132 178 240 285 384 517 696 937 1030 1126 1206 1287 1435 1493 1653 1897 21.67 2088 4352
26| 066 089 106 143 193 260 309 416 560 754 1001 ILI7 1221 1310 1398 1560 1622 1796 2052 2349 3245 5257
28 | 071 096 115 154 208 280 333 448 603 812 1084 1205 1317 1415 1508 1686 1751 1938 2207 2531 3502 5661
30_| 077 103 123 165 222 299 356 480 646 870 ILST 1292 1412 1519 1619 1811 1881 2080 23.62 2743 17.60 60.65
32_| 082 110 131 176 237 319 380 512 689 928 1230 1379 1508 1624 1729 1937 2010 2223 25.17 2894 4017 6470
34| 087 117 139 187 252 339 404 544 7327 936 1304 1467 1603 1728 1840 2062 20139 2365 2672 3076 4274 6874
36 | 092 124 147 198 267 359 428 576 775 1044 1377 1554 1699 1833 1950 2188 2268 2507 28.26 3258 4532 72.7%
38 ] 097 131 155 209 282 379 452 608 818 1102 1450 1641 1794 1937 2060 2503 23.97 2650 2981 3440 4789 7683
40 ] 102 138 164 220 297 399 475 640 862 1160 1523 1729 1890 2042 2171 2439 2526 2792 3136 3621 5046 8087
45 | LIS 155 184 248 334 449 535 720 9.69 1305 1707 1947 2129 23.03 2447 3753 2849 3143 3523 4076 S689 9095

June 1999
PR ydchlide SCWA Hydrology



Table 3-4A. Solano County Design Rainfall for San Francisco Bay Drainage Region

500-Year Return Period
MAP | 5 Min {10 Min[ 15 Mini]D Minl LHr | 2Hr I 3 Hr E 6Hr | 12 Hr 1 Dayi 2 Day I 3Dayi4Dayi 5 Day E 6 Day i 8 Day | 10 dayi 15 DayJZO Dayi 30 Day| 60 Dayl Year

14 1 040 053 063 085 LI5 1.55 184 248 334 450 630 654 719 755 812 891 627 1034 1233 1387 1879 3046
15 1 042 057 068 092 123 166 197 266 358 482 671 705 772 BI3 873 960 998 1112 1318 1487 2021 3263
16 | 045 o061 073 098 131 177 211 284 382 514 711 751 825 871 934 1029 1069 1190 1403 1587 2164 13481
17 | 048 065 077 104 140 188 224 301 406 546 752 799 878 928 995 1099 1139 12.68 1488 1687 23.06 36.99
18 | 051 069 082 110 148 199 237 319 430 578 792 847 931 98 1056 1168 12.10 1347 1571 1787 2448 3916

19 | 054 072 086 116 156 210 250 337 453 611 833 895 9385 1044 1117 1237 1281 1425 1658 1888 2590 4134
20§ 057 076 091 122 164 221 263 355 477 643 873 944 1038 1101 1178 1306 1352 1503 1743 1988 2732 4351
22 | 062 084 100 134 181 243 290 390 525 707 954 1040 1144 1217 13.00 1445 1493 1659 1913 2188 3016 47.86
24 | 068 091 109 146 197 265 316 425 573 TI71 1035 1136 1250 1332 1422 1584 1635 18.16 2083 23.88 3300 $2.22
6 | 074 099 118 159 214 288 342 461 621 835 1116 1233 1356 1448 1544 1722 1776 1972 2253 25.89 3585 S6.57
281 079 107 127 171 230 310 369 496 668 9.00 1196 1329 1462 1563 1666 1861 1917 2129 2423 27.89 3869 6092
30 1 085  Li4 136 183 247 332 395 532 706 964 1277 1425 1568 1678 1788 1999 2059 22.85 2593 2089 4153 6527
32 ] 091 122 145 195 263 354 421 567  7.64 1028 1358 1522 1674 17.94 1910 2138 22.00 2441 2763 3190 4437 69.62
34 | 096 130 154 208 279 376 448 603 BIl 1053 1439 1618 17.80 19.09 2032 2276 2342 2598 2933 3390 4722 7397
361 102 137 163 220 296 398 474 638 859 1157 1520 1715 18.86 2025 2154 2415 2483 2754 3103 3590 5006 7832
38 108 145 172 232 312 420 500 674 907 1221 1601 1811 1992 2140 2276 2554 2625 2910 3273 3790 5290 $2.68
40 | 113 152 181 244 320 442 527 709 955 1285 1682 1907 2098 2256 2398 2692 27.66 30.67 3443 3991 5574 87.03
45 1127 171 204 275 370 498 592 798 1074 1446 1884 2148 2363 2544 2703 3039 3120 3458 3868 44.92 6285 97.90

1,000-Year Return Period

MAP | 5 Min {10 Min] 15 Min[30Min} 1Hc [ 2Hr | 58 { 6Hr { 12Hr | 1Day| 2 Day[ 3Day { 4 Day | 5 Day | 6 Day | 8 Day | 10 day] 15 Day] 20 Day] 30 Day] 60 Day] Year
14| 043 057 068 092 124 167 199 268 360 485 68 715 777 813 875 939 0994 1091 1301 1466 1977 3193
15 1046 062 073 099 133 179 213 28 38 520 733 767 834 B75 941 1033 1070 1174 1391 1572 2127 3421
16 | 049 066 078 105 142 191 227 306 412 554 777 820 891 938 1006 1108 1146 12.56 1481 1678 2276 3649
17 | 052 070 083 L12 151 205 241 325 437 589 821 873 948 1000 1072 1182 1222 1339 1570 1783 2426 3897
18 ] 055 074 088 LI§ 159 215 255 344 461 624 866 925 1005 1062 1138 1257 1297 1422 1660 1889 2575 4105
19 1058 078 053 125 168 227 270 36 489 658 910 978 1063 1124 1203 1332 1373 1504 1750 1995 2725 4333
0 | 061 082 098 132 177 230 284 382 5IS 693 954 1031 1120 1186 12.69 1406 1449 1587 1839 2101 2875 4561
221 067 090 108 145 195 262 312 420 566 762 1042 IL36 1234 13.00 1400 (555 1601 1752 2009 2313 3174 5017
24 1073 099 117 158 203 286 341 459 617 831 1131 1241 1349 1435 1532 17.04 1752 1917 2098 2524 3473 5473
61 079 107 127 171 230 310 369 497 669 901 1219 1347 1463 1559 1663 1854 1904 2082 2378 2736 3772 59.29
28 0.85 LIS 137 1.84 2.48 3.34 3.97 535 7.20 9.70 13.07 1452 1578 1683 17.95 2003 2055 2247 2557 2948 4071 63.85
30 1 092 123 147 197 266 358 426 S73 792 1039 1396 1557 1692 1808 1926 2152 2207 2412 2737 3159 4370 6841
32| 098 131 156 211 283 382 454 612 823 1109 1484 1662 1807 1932 2057 2301 2359 2577 2916 3371 4669 7298
34 | 104 140 166 224 301 405 483 650 875 1178 1572 1768 1921 2056 2089 2450 25.10 2742 3095 3583 4568 7754
36 | LI0 148 176 237 319 429 511 688 926 1247 1661 1873 2036 20181 2330 2599 2662 2907 3275 37.95 S267 8210
38 | L6 156 186 250 337 453 539 736 978 1316 1749 1978 2150 2305 2452 2749 2814 3072 3454 4005 SS.66 86 66
40 1.22 1.64 1.95 2.63 3.54 4.71 5.68 7.64 1029 13.86 1837 2084 22.65 2429 2583 2898 2965 3237 36.34 42.18 58.65 91.22
45 | 137 185 220 296 399 537 639 860 1158 1559 2058 2347 3551 2740 2912 3271 3344 3650 4082 4747 6613 10262

10,000-Year Return Period
MAP | 5Min [lOMinllS MinISDMini | Hr J 2 Hr 1 3Hr I 6 Hr ; lZHrl IDayi ZDay! 3Day| 4 Day SDay[ éDayE SDayi IOdayiISDA)’{ZODayiEODaylGODayi Year
14 052 0.71 0.84 113 1.52 2.05 2.44 328 4.42 595 8.54 885 9.55 9.93 1068 1169 1195 1331 1585 1747 23.07 36.68
15 056 076 090 1.21 163 219 261 352 473 637 908 950 1026 10.69 11.48 1260 12.86 1431 1694 18.74 2481 3930
16 060 081 09 129 174 234 279 375 505 680 963 1016 1096 11.45 1229 13.50 13.78 1532 1803 2000 26.55 41.92
17 064 086 102 137 185 249 296 399 537 722 1018 1081 1167 1221 13.09 1441 1469 1632 1913 2126 2330 44.54
18 0.67 091 Log 145 196 263 313 422 568 7.65 1073 1146 1237 12.96 13.89 1532 1560 1733 2022 2252 30.04 4716
9 071 09 114 153 206 278 331 445 6.00 8.07 1127 1211 13.08 13.72 1469 1623 1651 1834 213F 2378 31.79 49.78
20 075 1.01 120 161 217 293 348 469 631 850 1182 1276 1378 14.48 1549 17.04 1742 1934 2241 2505 3353 52.40
22 082 L11 132 178 239 322 383 516 654 935 1292 1407 1519 16.00 17.10 1896 19.25 21.36 2459 2757 37.02 57.64
24 090 121 144 194 261 351 418 563 758 1020 14.01 1537 1660 17.52 18.70 2078 2107 2337 2678 3009 4051 62.88
26 097 131 156 210 283 380 453 610 821 11.05 1511 1668 1800 19.03 2031 2260 2289 2538 2896 3262 4400 68.12
28 | 1058 1.41 1.68 226 3.04 410 488 656 884 1190 1620 1798 1941 20.55 2191 2441 2472 2739 3115 3514 4748 7336
301 112 1.51 180 242 326 439 522 703 947 1275 1730 1928 2082 22.07 2351 2623 2654 2941 3333 3767 5097 78.60
32 120 1.61 1.92 2.58 348 4,68 5.57 750 10,10 13.60 1839 2059 2223 23.59 2512 2805 2836 3142 3552 4019 54.46 83.84
34 127 171 204 274 369 497 592 797 1073 1445 1949 2189 2364 2510 2672 2987 3019 3343 3771 4271 5795 89.08
36 | 135 181 216 291 391 527 627 844 136 1530 2058 2320 2505 26.62 2833 3169 3201 3544 3989 4524 6144 9431
38 1.42 181 228 307 413 556 662 891 1199 1615 2168 2450 2646 28.14 2993 3351 3383 3746 4208 4776 6493 9955
40 150 202 240 323 435 585 696 938 1263 17.00 2277 2580 27.86 29.66 31.54 3532 3565 3947 4426 5029 6842 10479
45 168 227 270 363 480 658 784 1055 1420 19.12 2551 2006 3139 3345 3555 3987 4021 4450 4973 5660 77.14 117.89

June 1999
(TR bysdrolch 4 SCWA Hydrology



Table 3-4B. Solano County Design Rainfall for Sacramento River Drainage Region

2-Year Return Period
MAP 5Min§10Min|lSMinE30MinE LHr | 2Hr ! 3 Hr ' 6Hr | 12 Hr } lDayi 2Day1 EDayi 4 Day | SDay‘ GDayI BDay; lOdayilS DayilﬂDayl]ODayléODay! Year
14 0.13 0.18 021 0.29 0.39 052 0.62 084 1.13 1.52 1.99 208 229 2.49 2.74 3.07 3.37 3.92 4 68 5.20 7.55 13.711
15 | 014 019 023 031 o042 056 067 090 121 1.6 212 223 246 268 294 331 362 422 500 558 812 1469
16 | 015 020 025 033 044 060 071 09 129 174 225 239 263 287 315 355 388 452 533 595 860 1567
17 | 016 022 026 035 047 064 076 102 137 185 238 254 280 306 335 378 414 481 565 633 926 1665
18 | 017 023 028 037 050 067 080 1.08 145 196 250 269 297 325 356 402 439 511 597 670 983 1763
19 | 018 024 029 039 053 071 085 114 153 207 263 285 314 344 376 426 465 541 629 708 1040 1861
20 | 019 026 031 041 056 075 089 120 162 217 276 300 331 363 397 450 491 570 662 746 1097 19.58
22 | 021 028 034 045 061 082 098 132 178 239 301 331 365 401 438 498 542 630 726 821 1211 2154
24 | 023 031 037 050 067 050 107 144 194 261 327 361 398 440 479 546 593 689 791 896 1325 2350
26 | 025 034 040 054 072 097 116 156 210 283 353 392 432 478 520 593 645 748 855 971 1440 2546
28 | 027 036 043 058 078 105 125 168 226 304 378 422 466 516 561 641 696 808 920 1046 1554 2742
30 | 029 039 046 062 083 112 134 180 242 326 404 453 500 554 602 689 747 867 984 1121 1668 2938
32 031 0.41 0.49 0.66 0.89 1.20 1.43 1.92 2.58 3.48 4.29 4,84 5.34 5.92 643 137 7.99 9.26 1049 1196 17.82 31.34
34 | 033 044 052 070 095 127 151 204 275 370 455 SI14 567 630 684 T84 850 986 1113 1272 1896 3329
36 | 034 046 055 074 100 135 160 216 291 391 480 545 601 668 726 832 9.01 1045 1L78 1347 2010 3525
38 | 036 049 058 078 106 142 169 228 307 413 506 576 635 706 7.67 880 952 1105 1243 1422 2124 3721
40 | 038 052 061 08 LIl 150 178 240 323 435 532 606 669 744 308 927 1004 1164 1307 1497 2239 3917
45 | 043 058 069 093 125 168 200 270 363 489 505 683 753 339 910 1047 1132 1312 1468 1685 2524 44.07
5-Year Return Period
MAP [ $Min {10 Min] 15 Min{30Min] 1 Hr | 2Hr [ 3Hr | 6Hr | 12Hr{ 1Day| 2Day [ 3Day [ 4Day | 5Day | 6 Day | 6 Day | 10day} 15 Day| 20 Day| 30 Day] 60 Day| YVear
14 | 018 024 029 039 052 070 08 112 151 204 275 290 324 350 379 422 461 532 640 707 1018 1754
15 | 019 026 031 042 056 075 090 121 162 218 293 311 348 377 407 455 497 572 684 758 1095 1879
16 | 021 028 033 044 060 080 095 129 173 233 31l 332 372 404 436 4885 532 613 728 809 1172 2005
17 | 022 020 035 047 063 085 101 137 184 248 328 354 396 431 464 521 567 653 772 860 1249 2130
18 | 023 031 037 050 067 090 107 145 195 262 346 375 420 457 492 554 602 693 816 911 1326 2255
19 0.24 033 039 0.53 071 0.95 1.13 153 2.06 2.77 3.64 3.97 4,43 4.84 5.21 587 - 637 7.34 8.60 9.62 14.03 23381
20 | 026 035 041 0S5 075 100 119 161 216 291 382 418 467 SII  S49 620 672 774 905 1013 1480 2506
22 | 028 038 045 061 082 L10  L31  L77 238 320 417 461 515 565 606 685 743 854 993 1L16 1634 2757
24 | 031 041 049 066 089 120 143 193 260 350 452 505 563 618 663 751 813 935 1081 1218 17.88 3007
26 | 033 045 053 072 097 130 155 209 281 379 488 546 611 672 720 817 884 1015 1169 1320 1042 3258
28 | 036 048 058 077 104 140 167 225 303 408 523 589 658 725 777 882 954 1096 1258 1427 2096 3508
30 | 038 052 062 083 112 150 179 241 3325 437 558 631 706 779 834 948 1024 1176 1346 1524 2250 37.50
32 ] 041 055 066 089 119 160 191 257 346 466 594 674 754 832 891 1014 1095 1257 1434 1626 2403 4009
34| 044 059 070 094 127 170 203 273 368 495 629 717 802 886 947 1079 1165 1337 1522 1728 2557 42.60
36 | 046 062 074 100 134 181 215 289 389 524 664 759 849 939 1004 1145 1235 1418 1610 1830 2711 45.11
38 | 049 066 078 105 142 191 227 305 411 554 700 802 897 953 1061 1211 1306 1498 1699 1933 2865 4761
40 | 051 069 082 111 149 201 239 321 433 583 735 845 945 1046 1118 1277 1376 1579 1787 2035 3019 5012
45 | 058 078 092 125 168 226 2690 362 487 655 823 951 1064 1180 1260 1441 1552 1780 2008 2290 34.04 5638
10-Year Return Period
MAP | 5 Min | 10 Min[ 15 Min{30Min{ tHr | 28c [ 38 [ 68 [ 12071 1Day[ 20ay [ 3 Day [ 4Day | 5Day | 6 Day | & Day | 10 day] 15 Day] 20 Day| 30 Day| 60 Day] Year
14 | 021 028 034 045 061 082 097 131 177 238 327 345 385 405 445 494 537 615 743 819 1173 1972
15 | 022 030 036 048 065 085 104 141 189 255 348 371 413 436 478 533 578 661 794 878 1262 2112
16 | 024 032 038 052 070 09 LIl 150 202 271 369 396 442 467 512 ST 619 708 845 937 1351 2253
17 ] 025 034 041 055 074 099 118 159 214 289 390 422 470 498 545 609 660 754 896 996 1430 2394
18 | 027 036 043 058 078 105 125 169 227 306 411 447 498 528 579 648 701 801 948 1056 1528 2535
19 | 028 038 046 06 083 LIl 132 178 240 323 432 472 527 559 602 686 742 847 599 1115 1617 2676
20 | 030 040 048 065 087 LI7 139 1.87 252 340 453 498 555 590 646 725 783 894 1050 1174 17.06 2817
22 | 033 044 053 071 096 129 151 206 278 374 495 549 612 652 712 802 865 987 1153 1292 [8.83 3098
24 | 036 048 058 077 104 140 167 225 303 408 537 600 669 714 779 879 947 1080 1255 1411 2060 31.80
26 | 039 052 062 084 113 152 181 244 328 442 579 650 725 776 846 955 1029 1173 1357 1529 2238 3662
28 | 042 056 067 090 122 164 195 262 353 476 621 701 782 8338 913 1032 1L11 12.66 1460 1647 2405 39.43
30 0.45 0.60 0.72 0.97 1.30 1.75 2.09 2.81 3.79 5.10 6.63 iy B.39 9.00 9.80 11.09 1193 1359 1562 17.65 25.93 4225
32 | 048 064 077 103 139 187 223 300 404 544 705 803 896 062 1047 1186 1275 1452 1665 18.84 2770 45.06
34 | 051 068 081 110 148 199 237 319 429 578 747 854 952 1023 1113 1263 1357 1545 17.67 2002 2048 4758
36 | 054 072 086 L16 156 211 251 337 454 612 789 905 1009 1085 1180 1340 1439 1638 1870 2120 3125 5070
38 1 057 077 091 123 165 222 264 356 479 646 831 956 1066 1147 1247 1417 1521 1731 1972 2239 33.03 S1s1
40 | 060 081 096 129 174 234 278 175 505 679 873 1006 1123 1208 13.14 1494 1603 1824 2074 2357 3480 5633
45 | 067 091 108 145 155 263 313 422 568 764 978 1134 1265 1364 1481 1686 1308 2056 2331 2653 3924 6337

15-Year Return Period
f

MAP | 5 Min |10 Min[ 15 Min[30Min| 1Hr | 2Hr [ 3Hr | 6Hr | 12Hr| | Dey | 2Day | 3Day | 4Day| 5 Day | 6 Day | 8 Day | 10 day] 15 Day] 20 Day] 30 Day| 60 Day] Year
14| 023 030 036 049 066 088 105 142 191 257 356 376 419 452 481 533 579 655 198 879 1256 2086
15 | 624 033 039 052 070 095 113 152 204 275 379 404 450 486 SIB 575 6323 708 853 943 1351 2234
16_| 026 035 041 0356 075 101 120 162 218 293 402 432 481 521 554 616 667 758 908 1006 1446 2383
17_| 027 037 044 0359 080 107 128 172 231 312 424 459 512 555 590 658 A1 808 963 1070 1540 2532
18| 029 039 047 063 084 14 135 182 245 330 447 487 542 S90 626 699 755 858 1008 1133 1635 2681
19 | 031 041 049 066 089 120 143 192 259 348 470 515 573 624 662 741 799 908 1073 1196 1730 2829
20 | 032 041 052 070 094 126 150 202 272 3.66 493 542 604 659 698 782 843 957 1128 1260 1825 2978
22 | 035 048 057 077 103 139 16 222 299 403 530 598 666 728 771 865 932 1057 1238 1347 2015 3276
24 | 039 052 062 084 112 151 180 243 327 440 S84 G653 728 797 843 948 1020 1157 1348 1514 2205 3574
26 | 042 056 067 090 122 164 195 263 354 476 630 7.09 789 866 915 1031 1108 1256 1458 1641 2395 3872
28 0.45 0.61 072 097 131 1.77 2.10 283 3.81 5.13 6.76 7.64 8.51 935 9.88 11.14 1197 1356 1568 1768 32585 4170

30 | 048 065 078 104 141 189 "225 303 408 550 720 819 913 1004 1060 1197 1285 1456 1678 1895 2775 4468
32 | 052 070 08 L1l 150 202 240 323 436 586 767 875 975 1073 1132 1280 1373 1555 17.88 2022 2965 47.65
34 | 055 074 088 118 159 214 255 344 463 623 813 930 1036 1142 1205 1363 1461 1655 1898 2149 3155 50.63

36 | 058 078 093 125 169 227 270 364 490 660 858 986 1098 1211 1277 1446 1550 1754 2000 2276 3345 $361
38 | 061 08 098 132 178 240 285 384 517 696 904 1041 1160 1280 1349 1529 1638 1854 21.19 2403 3534 56.59

40 | 065 087 103 139 187 252 3.00 404 544 733 950 1097 1222 1349 1422 1612 1726 1954 2229 2530 3724 5957
45 1073 098 116 157 211 284 338 455 612 825 1064 1235 1376 1522 1602 18.19 1947 2203 2504 2847 4199 67.01
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Table 3-4B. Solano County Design Rainfall for Sacramento River Drainage Region

25-Year Return Period
MIAP | 5 Min | 10 Min| 15 Min] 30 Min} LHr | 2Hr | 3Hr | 6Hr | 12Hr | 1 Day | 2Day| 3 Day| 4Day | 5Day | 6 Day | 8 Day | 10 day] 15 Day] 20 Day] 30 Day| 60 Day] Year
14 1 025 033 039 053 071 096 114 154 207 279 391 414 460 496 525 580 631 710 563 950 1352 2216
51 o26 035 042 057 076 103 123 L65 222 299 416 445 494 534 565 625 679 763 923 1018 1454 23.74
6 1 028 038 045 061 082 LI0 131 176 237 319 442 475 528 572 604 670 727 817 982 1087 1557 2532
17 1 030 040 048 064 087 117 139 187 252 339 467 506 562 609 643 715 775 871 1042 1156 1650 26.91
15 1 032 043 051 068 092 124 147 198 266 359 492 536 596 647 683 7.60 823 925 1101 1224 1761 2849
o 1 033 045 053 072 007 130 155 200 281 379 517 567 630 685 722 805 871 978 1161 1293 18.63 3007
2o 1 035 047 056 076 102 137 16 220 296 399 542 597 664 723 762 850 919 1032 1220 1361 19.66 31.66

72 1 039 052 o062 08 1i2 151 180 242 3326 439 592 658 731 799 841 940 1016 1139 1339 1499 2170 3482
24 | 042 057 067 091 122 165 196 264 355 478 642 709 799 875 920 1031 1112 1247 1458 1636 2374 37.99
26 | 046 061 073 098 133 178 212 286 385 518 693 780 867 950 998 1121 1208 1354 1577 1773 2579 4115

5a 1 040 066 079 106 143 192 229 308 415 558 743 841 935 1026 1077 1211 13.04 1461 1656 19.10 27.83 4432
30 | 053 071 084 114 153 206 245 330 444 558 793 002 1003 1102 1156 13.01 1401 1569 1815 2047 29.88 4748
32 1 os6 076 090 121 163 220 261 352 474 638 843 963 1071 1178 1235 1391 1497 1676 1934 2184 3192 50.65
34 | 060 080 096 120 173 233 278 374 503 678 893 1024 1138 1254 1314 1482 1593 1784 2051 2322 3397 S5382
36 1 063 085 101 136 184 247 294 396 533 T.I8 944 1085 1206 1325 1393 572 1689 1891 2172 2459 3601 5698
38 ] 067 090 107 144 194 261 310 418 563 757 994 1146 1274 1405 1472 16.62 17.85 1998 2291 2596 138.06 60.15
20 1 070 095 112 151 204 274 327 440 592 797 1044 1207 1342 148l 1550 17.52 1832 2106 2410 2733 4010 6331
45 1 079 106 127 170 229 300 368 495 666 397 1169 13.60 1511 1670 1748 1978 2122 2374 2708 3076 4522 7123
50-Year Return Period
MAP | § Min | 10 Min| 15 Min |30 Min] L Hr | 2Hr | 3Hr | 6Hr | 12Hr{ 1 Day| 2Day| 3Day | ¢Day | 5 Day| 6 Day | 8 Day | 10 day| 15 Day] 20 Day| 30 Day] 60 Day] Year
4 | 027 037 044 059 049 106 126 170 229 309 438 464 S.14 553 582 640 690 175 947 1041 1475 2381
15 | 029 039 047 063 085 L14 135 182 246 331 466 498 552 595 626 690 743 834 1042 1116 15.87 2551
16 | 031 042 050 067 090 121 144 195 262 353 494 S$33 590 638 669 740 796 893 1077 1191 1698 2721
17 1 033 044 053 071 096 129 154 207 278 375 522 567 628 680 73 790 848 951 1142 1266 18.10 28.97
e | 035 047 o056 075 100 137 16 219 295 397 550 601 666 723 757 839 901 1010 1208 1341 1921 3062
o 1 037 050 059 080 107 144 172 231 311 419 578 635 .04 765 80l 889 954 1068 1273 1416 2033 3232
20 | 039 052 062 084 113 152 181 243 327 44l 607 669 141 807 844 939 1006 1127 1338 1491 2144 3402
22 | 043 057 068 092 124 167 199 267 360 485 663 738 B17 892 932 1039 1LI12 1244 1469 1642 2368 37.42
24 | 047 063 075 100 135 182 217 292 393 529 719 806 893 976 1019 1138 1217 1362 1599 1792 2591 40.82
26 | 050 068 081 109 147 197 235 316 426 573 775 874 960 1061 1107 1238 1322 1479 1730 1942 28.14 4422
28 | 054 073 087 107 158 202 253 340 458 617 831 943 1045 1146 1194 1337 1427 1596 1860 2093 3037 47.63
30 | 058 078 093 126 169 228 271 365 491 661 887 1011 1120 1230 1281 1437 1533 1703 1991 2243 32.60 51.02
32 | 062 084 100 134 180 243 289 389 524 705 944 1079 1196 1315 1369 1537 1638 1831 2121 2303 3483 5443
34 | 066 089 1.06 142 192 258 307 413 557 745 1000 1148 1272 1399 1456 1636 1743 1948 2252 2543 37.06 57.83
36 | 070 004 112 151 203 273 325 438 589 793 1056 1216 1348 1484 1544 1736 1849 2065 2382 2604 3929 6123
38 | 074 099 118 159 214 288 343 462 622 838 1112 1285 1424 1569 1631 1835 1954 2182 2513 2844 4152 64.63
40 | 078 105 124 167 225 303 361 486 655 832 1168 1353 1495 1653 I7.18 1935 2059 2300 2643 2994 4376 68.04
45 | 087 118 140 188 254 341 406 547 737 992 1309 1524 1659 18.65 1937 2184 2327 2593 2970 3370 4933 76.54
100-Year Return Period
MAP | 5 Min [ 10 Min] 15 Min]| 30 Min] 1Hr | 2Hr | 3Hr | 6Hr | 12Hr | 1Day| 2Day [ 3Day{ 4Day| 5Day| 6 Day | 8 Day | 10 day] 15 Day] 20 Day] 30 Day] 60 Day] Year
4 | 030 040 048 D064 086 116 138 186 250 337 483 513 567 610 637 589 750 837 1026 1127 1591 2535
15 1 032 043 051 069 092 124 148 199 268 361 514 551 608 656 685 635 808 900 1096 1208 1712 27.16
161 034 046 054 073 099 133 158 213 286 385 545 S88 650 7.03 732 681 865 964 1167 1289 1832 28.97
17 1036 040 058 078 105 141 168 226 304 409 576 626 692 749 780 727 922 1027 1238 1371 1952 3078
18 1038 051 06l 082 111 149 178 239 322 433 607 664 734 796 828 773 979 1090 1308 1452 2073 3259
19 1 040 054 065 087 117 157 187 252 340 458 638 7.02 775 843 876 819 1036 1153 1379 1533 2193 34.40
20 1 042 057 068 091 123 166 197 266 3.58 482 669 739 817 889 924 865 1094 1217 1450 1615 2313 3621
22 | 047 063 075 101 135 182 217 292 393 530 731 815 901 982 10019 956 1208 1343 1551 1777 2554 39.83
24 ] 051 069 082 110 148 199 237 319 429 578 793 891 984 1076 11IS 1048 1323 1470 1733 1940 27.95 43.46
26 1 055 074 088 119 160 216 257 345 465 626 855 966 1068 1169 1211 1140 1437 1596 1874 21.03 3035 47.08
28 | 059 080 095 128 172 232 276 372 501 674 917 1042 1151 1262 13.06 1231 1551 1723 2016 22.66 3276 50.70
30 | 064 086 102 137 185 249 296 399 537 722 979 1117 1235 1355 1402 1323 1666 1850 2157 2428 3516 5432
32 | 068 091 109 146 197 265 316 425 572 771 1041 1193 1313 1443 1498 1415 1780 1976 2298 2591 37.57 57.94
34 | 072 097 115 156 209 282 335 452 608 819 1103 1268 1402 1541 1593 1507 1895 21.03 2440 2754 3998 61.56
36 ] 076 103 122 165 222 298 355 478 644 B6T 1165 1344 1485 1635 1689 1598 2009 2229 2581 2916 4238 65.18
38 | 081 108 129 174 234 315 375 505 680 915 1227 1419 1569 1728 1785 1690 2124 2356 27.23 3079 4479 68.30
20 | 085 114 136 183 246 332 1395 531 715 963 1289 1495 1653 1821 1880 17.82 2238 2483 2864 3242 4720 7243
45 1095 128 153 206 277 373 444 598 805 1084 1444 1684 1861 2054 2119 2011 2524 2799 3218 3649 5321 8L48

200-Year Return Period

MAP | 5 Min | 10 Min] 15 Min|30 Min] 1 Hr | 2Hr | 3Hr | 6Hr | 12Hr | | Day| 2Day | 3Day | 4Day [ 5 Day| 6 Day | 8 Day | 10 dey| 15 Day| 20 Day| 30 Day| 60 Day| Year
14 | 032 041 051 069 093 126 149 201 271 365 528 561 618 665 690 754 808 895 1101 12.09 1675 2680
1s 1034 o046 055 074 100 135 160 216 290 391 562 602 664 715 742 813 870 963 1177 1296 18.02 2871
16 1037 049 059 079 107 144 171 230 310 417 596 643 709 766 794 871 931 1031 1257 1383 1928 30.63
7 1039 o053 06 084 113 153 182 244 329 443 629 685 755 817 845 930 993 1099 1329 1471 2055 32.54
'8 | 041 056 066 080 120 161 192 259 348 469 663 726 800 868 897 988 1054 1167 1405 1558 21.82 3446
19 | 044 059 070 094 127 170 203 273 368 495 697 767 846 919 949 1047 1116 1234 1481 1645 23.08 3637
20 | 046 o062 074 099 133 179 214 28 387 521 731 808 891 969 1001 11.06 1178 13.02 1557 1733 2435 3828
22 | 050 o068 081 109 147 197 235 316 426 573 199 861 982 1071 11.04 1223 1301 1438 1709 1907 2638 42.11
24 ] 055 074 088 119 160 215 256 345 465 625 866 974 1074 1072 12.08 1340 1424 1573 1861 2082 2942 4594
2 | 060 080 09 129 173 233 278 374 503 678 934 1056 1165 1274 13.12 1458 1547 17.09 2012 2256 31.95 4977
28 | 064 087 103 139 187 251 299 403 542 730 1002 1139 1256 1376 1415 1575 1671 1844 2164 2431 3448 S53.60
30 | 069 093 100 149 200 269 320 431 58 782 1070 1221 1347 1477 1519 1692 1794 1979 2316 26.06 37.02 5743
32 | 073 099 118 158 213 287 342 460 619 834 1137 1304 1438 1579 1623 1810 1907 2115 2468 2780 3955 6125
34 | 078 105 125 168 227 305 363 489 658 886 1205 1386 1529 1630 17.26 1927 2040 2250 2620 2955 42.08 65.08
36 | 083 111 132 178 240 323 384 518 697 938 1273 1469 1620 1782 1830 2044 2163 2386 2772 3129 4462 6891
3% | 087 117 140 188 253 341 406 546 736 990 1340 1552 1711 1883 1933 2161 2287 2521 2924 3304 4715 7274
A0 | 05z 124 147 198 267 359 427 575 174 1042 1408 1634 1802 1985 2037 2279 2410 2657 3075 3479 49.68 7657
25 | 103 139 165 223 300 404 481 647 871 1173 1577 18.41 2030 2239 2296 2572 2718 2096 3455 3915 56.02 8614
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Table 3-4B. Solano County Design Rainfall for Sacramento River Drainage Region
500-Year Return Period
MAP [ s Min [ 10 Min[ 15 Min[30Min{ 1 He | 287 [ 3Hc [ 6Hr [ 12Hr] 1Day[ 2Day [ 3Day [ 4 Day{ 5 Day | 6 Day | 8 Day | 10 day] 15 Day| 20 Day] 30 Day] 60 Day| Year
14 | 035 o048 057 076 103 138 1sd 221 298 401 584 621 682 733 755 831 88 973 1202 1319 1843 2572
15 | 038 051 061 082 LI0 148 176 237 309 430 621 667 732 789 812 896 954 1047 1285 1414 1988 3077
16} 040 054 065 087 L17 158 188 253 341 459 650 712 785 845 868 960 1022 1121 13.68 1509 2127 3282
17 | 043 058 0.69 093 125 168 200 269 362 487 696 758 833 001 925 1025 1089 1194 1451 1604 2267 3487
18 | 045 061 075 098 132 L78 211 285 381 516 734 804 883 05T 982 1089 1157 1268 1534 17.00 2407 3692
19 | 048 065 077 103 139 188 223 301 405 545 771 849 933 1043 1038 1154 1235 1341 1617 17.95 2547 3857
20 | oS0 068 081 100 147 197 235 316 426 573 309 895 984 1069 1095 1219 1292 1415 17.00 1850 2686 4102
22 ] 056 075 089 120 161 217 238 348 468 631 884 987 1084 (181 1208 1348 1428 1562 18.66 2081 2966 4513
24| 061 082 097 131 L7 237 282 380 S.11 688 958 1078 1185 1293 1322 1477 1563 1700 2031 2271 3245 4923
26 | 066 088 105 142 191 257 505 411 554 745 1033 1169 1285 1405 1435 1606 1698 1857 2197 2462 3525 5333
28 | 071 095 LI3 152 205 276 3329 443 596 803 1108 1261 1336 1507 1548 1736 1833 2004 2363 2652 3804 5743
301076 102 121 163 220 29 352 474 639 860 1183 1352 1486 1629 1662 1865 1960 2151 2529 2843 4084 6154
32| 081 109 129 174 235 316 376 506 681 9.7 1258 1444 1587 1741 1775 1994 20104 2299 2695 3033 43.61 6564
34| 086 L16 138 185 249 336 399 538 7.4 975 1333 1535 1687 1853 1888 2124 2239 2446 28.60 3223 4643 6974
36| 091 122 146 196 264 355 423 589 767 1032 1408 1627 1788 1965 2002 2253 2374 2593 3026 3404 4922 7384
38 | 096 129 154 207 279 375 446 601 809 1089 1483 17.18 1838 2077 2115 23.82 2509 2740 3192 36.04 5202 7795
40 1 101 136 162 218 293 395 470 633 852 1147 1558 1810 19.89 2189 2229 2511 2645 2887 3358 3795 5481 8205
45 1 114 153 182 245 330 444 529 702 9.58 1290 1745 2038 2240 2469 2512 2835 2983 3256 3772 4271 6180 9230

1,000-Year Return Period
MAP | 5Min | 10Min| 15 Min}30Min] 1 Hr | 2Hc [ 3Hr | 6Hr | 12Hri 1Day | 2Day | 3 Day | 4Day | 5 Day | 6 Day | 8 Day | 10 day [ 15 Day] 20 Day] 30 Day] 60 Day] Year
14 0.38 0.51 0.60 0.81 1.09 1.47 1.75 236 3.17 4127 629 6.69 7.34 7.88 8.09 8.78 9.36 1024 1268 1390 1943 2991
15 0.40 0.54 0.65 0.87 1.17 1.58 1.88 253 3.40 458 6.69 7.18 7.88 8.49 8.69 9.47 10.07 1101 13.55 1490 2090 32.05
16 | 043 058 069 093 125 168 200 269 3.63 488 709 767 842 909 930 1015 1078 IL79 1442 1500 2237 3418
17 1046 o062 073 099 133 179 213 286 385 518 TS50 817 896 969 991 1083 1150 1256 1550 1691 2184 3632
18 | 048 065 078 104 140 189 235 303 408 549 790 866 950 1029 1052 1152 1221 1334 1617 1791 2531 3846
19 | 051 069 082 110 148 200 238 320 431 580 830 915 1004 1090 11I2 1220 1292 1411 1705 1891 2675 40.59
20 | os4 072 08 116 156 210 250 337 433 610 871 965 1058 1150 1173 1288 1364 1489 1792 1992 2825 4273
22 | 059 080 095 128 172 231 275 370 499 671 951 1063 1167 1270 1295 1425 1506 1644 1967 2193 3119 47.00
24 | 064 087 103 139 187 252 300 404 544 733 1032 1162 1275 1381 1416 1561 1649 1798 2142 2393 3411 5128
2% | 070 084 112 LSI 203 273 325 438 589 7.9¢ 1113 1260 1383 1511 1538 1698 17.92 1953 2316 25.04 37.07 $555
38| 075 101 L2l 162 219 294 350 471 635 855 1193 1359 1491 1632 1659 1835 1934 2008 2491 2795 4001 S59.82
30 | 081 109 129 174 234 315 375 505 680 906 1274 1457 1599 1752 1780 1971 2077 2263 26.66 2995 4284 §4.09
32_| 086 LI6 138 186 250 336 400 539 725 977 1355 1556 17.08 1873 1902 2108 2220 2418 2841 3196 4538 6837
3| 091 123 146 197 265 35T 425 572 771 1038 1435 1654 1816 1993 2023 2245 2362 2573 3016 3397 4837 7264
36| 097 130 155 208 281 378 450 606 816 1099 516 1753 1924 2114 2145 2381 2505 2728 3190 3508 5176 7601
38_| 102 137 164 220 297 399 475 640 861 1160 1597 1851 2032 2234 2266 2518 2648 2883 3365 37.98 5470 8119
40 | 1.07 145 172 232 312 420 500 674 907 1221 1677 1950 21407 2355 2388 2655 2790 3038 3540 3999 5764 BS46
45 | 121 163 194 261 351 473 563 758 1020 1373 1879 2196 2411 2656 2691 29.96 3147 3425 3977 4501 6456 9614

10,000-Year Return Period

MAP | 5 Min |10 Min[ 15 Min]30Min{ 1Hr | 28 | 3ur { 61 [ 1280 | 1 Day | 2Day [ 5 Day | aDay [ 5 Day [ 6 Day | 8 Day | 10 day] 15 Day] 20 Day] 30 Day] 60 Day] Year
14 | 045 061 072 097 131 177 210 283 381 513 760 820 894 960 971 1047 1139 1194 1490 1632 2263 3395
I5_ | 048 065 078 104 141 189 225 303 408 550 819 380 960 1033 1044 1129 1226 1284 1593 1750 2434 3638
16 {052 070 08 LIl 150 202 240 324 436 587 868 941 1026 1106 117 1210 1312 1375 1696 1367 2605 35.80
17_| 055 074 088 118 159 215 255 344 463 623 917 1001 1092 1180 1190 1282 1399 1465 1798 1985 2776 4123
18 | 058 078 093 125 169 227 270 364 490 0660 967 1061 1158 1253 1263 1373 1486 1555 1901 2103 2948 43.65
19 ] 061 083 098 132 L78 240 285 384 517 697 1016 1122 1224 1327 1336 1454 1573 1645 2004 2221 3119 4608
20 | 065 087 103 139 188 252 300 405 545 733 1065 1182 1290 1400 1409 1536 1660 1736 21.07 2339 3290 4550
22 | 071 096 114 153 206 278 330 445 599 807 1164 13.03 1422 1547 1555 1699 1834 1016 2312 2575 3632 5335
24 1 077 104 124 167 225 303 361 485 654 880 1263 1424 1553 1693 1701 1862 2007 2097 2518 2810 3974 5820
26 | 084 LI3 134 18l 244 328 391 526 708 953 1361 1544 1635 1840 1847 2025 20181 2278 2723 3046 4317 63.05
28 | 090 122 145 195 263 353 421 566 7.62 1027 1460 1665 1817 1987 1992 2188 23.55 2458 2929 1282 4659 6790
30 | 097 130 155 209 281 379 451 607 817 1100 1559 17.86 19.49 2133 2138 23.51 2528 2639 3134 3517 5001 7275

32 1.03 139 166 223 300 404 481 647 871 1173 1658 19.06 2081 2280 2284 2513 27.02 2819 3340 3753 5343 7T7.60

34 1.10 148 176 237 319 429 511 638 926 1247 1756 2027 2213 2427 2430 2676 2876 3000 3545 3989 5686 B82.45

36 116 156 186 251 338 454 541 728 980 1320 1855 2148 2344 2573 2576 2839 3049 3181 37.51 4224 6028 8730

33 123 1.65 197 265 356 480 571 769 1035 1393 1954 2269 2476 27.20 2722 30.02 3223 3361 39.56 4460 6390 92.15

40 129 174 207 279 375 505 601 8.09 1089 1467 2052 23.89 2608 28.67 28.68 31.65 33.97 3542 4162 4696 67.12 97.00

45 145 196 233 3.3 422 568 676 9.10 1225 1650 2299 2691 2938 3234 3232 3572 3831 3993 4675 5285 7568 109.13
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5. Compute average ground slope of drainage area from an appropriate topographic
map. Compute the slope of the gutter flow path and the pipe slope.

6. Compute t, using Figure 3-2 or Equation 3-2. Compute the t, and t, using Equations
3-4 and 3-5. Sum t,, t,, t, to get the time of concentration, t.. Be sure to use the time of
concentration for the longest flow path, which may be from an upstream subshed that
flows through the current subshed.

7. Using MAP, t, and Table 3-4, determine the rainfall depth (linear interpolation
between table entries may be required).

8. Compute the rainfall intensity I (inches/hour) by dividing the rainfall depth (inches)
by t. (hours).

9. Compute peak discharge Q using the rational formula, Equation 3-1.

A rational method example is provided in Appendix B.

34 HEC-1 & HEC-HMS

For drainage areas greater than 200 acres or if the drainage system includes a detention basin or
reservoir, it is recommended that HEC-1 or HEC-HMS be used as the analysis method.

HEC-1 and HEC-HMS are computer programs which, among other capabilities, calculate runoff
hydrographs, and route the hydrographs through channels, pipes, detention basins, and reservoirs.
Both of these programs were developed by the U.S. Army Corp. of Engineers Hydrologic
Engineering Center (HEC). HEC-1 was originally developed (version 1.0) in 1968. Since then it
has been revised several times, with the most current version (version 4.0) having been released
in 1990. HEC-1 is a disk operating system (DOS) based program, which means that the input is
provided to the programs from a text file. HEC-HMS is a new program (released in March 1998)
with many of the same capabilities of HEC-1. However, HEC-HMS was programmed to run with
Microsoft Windows, which means that the input data is provided to the program through a series
of dialog boxes (pop up windows with data entry boxes and tables). The information presented in
this section applies to both HEC-1 and HEC-HMS.

This manual is not intended to describe how to use HEC-1 or HEC-HMS. It is assumed that the
reader is familiar with either or both of these programs. If this is not the case, the appropriate
program manual should be consulted for guidance on use of these programs.

The basic process of hydrologic modeling with HEC-1/HEC-HMS includes:

e Simulation of rainfall from some storm event.
e Simulation of rainfall losses due to interception and infiltration.

e Simulation of the flow of the rain over the ground surface as it concentrates into
runoff hydrographs in creeks, channels or pipes.

s Simulation of the routing of the hydrographs through pipes, channels, or creeks.

¢ Simulation of the routing of hydrographs through detention basins or reservoirs.
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It is important to remember that these computer programs only simulate, or model, the processes
that are occurring in the real world. Sometimes the programs deviate significantly from the actual
process which is supposed to be simulated. Thus, when using these programs (or any model), it is
important to verify that the results represent a reasonable simulation of the actual conditions.

Data for implementation of each of these process steps with HEC-1/HEC-HMS 1s presented and
described below. Information is presented below which simplifies the use of the recommended
methods. However, use of these recommended methods is not required, and other methods within
HEC-1 or HEC-HMS (or other programs) can be used.

In HEC-1 a single line of input data is referred to as a record, with each record beginning with a
two character code that identifies the record type (for example, the PH record). Data entry is
discussed in this manual by reference to these HEC-1 record types. Additionally, for each
reference to a HEC-1 record, the HEC-HMS menu selection leading to the equivalent data entry
dialog box is given.

Precipitation

One of the first steps in estimating a runoff hydrograph is to quantify the storm or precipitation
which is generating the runoff hydrograph. The frequency-based hypothetical storm method (the
PH record in HEC-1) simulates nested/centered storms, and is recommended for use because: (1)
it is intended specifically for developing hydrographs and peak flows from “design” storms of
any frequency for which data are available and for durations of up to 10 days, (2) the required
data are all available in the report Design Rainfall for Solano County (see Appendix A), and (3)
this method is very simple to use.

In HEC-HMS, the PH data are entered as follows:

1. From the HEC*Project Definition window, select menu item “Edit-Precipitation
Model-New”. This will open the HMS*New Precipitation Model dialog box.

2. Enter appropriate data, and click the “OK” button. The HMS Precipitation Model-
Method Select dialog box will open.

3. Select “Frequency-Based Hypothetical Storm”, and click OK.

The data include:

e Storm Frequency (%)-Leave blank.

e Storm Area (mi’)-Leave blank (assuming storm covers entire watershed area entered
in BA record).

e S-minute through 10-day rainfall depths (inches)—Enter the appropriate rainfall depths
to cover the time period of the model.

Shown on Figure 2-2 is an isohyetal map of Solano County. Design rainfall depths are presented
in Tables 3-4A and 3-4B for the San Francisco Bay and Sacramento River drainage regions.
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Precipitation Losses

Precipitation losses account for how much rain is intercepted by wetting of vegetation, storage in
depressions, and infiltration into the ground. The difference between the precipitation rate and
the precipitation loss is the quantity of rainfall that becomes runoff.

The Initial/Constant precipitation loss method is recommended for use in HEC-1 or HEC-HMS
(The LU data record in HEC-1. For HEC-HMS, from the HMS*Schematic window, double-click
on the subbasin element icon, select the “Loss Rate” folder, and select “Initial/Constant” from
the “Method” drop down list.). This is the simplest of the precipitation loss methods and the most
intuitively understandable. For this method, only three simple values are needed, including:

o Initial loss (inches of rainfall)}—Value to account for interception and depression
storage. No runoff occurs from pervious areas until this quantity of precipitation has
fallen.

e (Constant loss rate (inches/hour)—After the cumulative precipitation exceeds the
initial loss, precipitation is lost at this constant loss rate to account for infiltration.

e Percent impervious (%)—Represents the fraction of the area that is impervious, such
as rooftops, roads, and paved areas. No losses (neither initial nor constant) are
subtracted from the precipitation for the percentage of the basin that is impervious.

Presented in Table 3-5 are recommended initial loss rates for various land uses. Although there
are small depression storage losses on impervious surfaces, HEC-1 and HEC-HMS automatically
assume no losses occur on impervious surfaces, and this simplifying assumption is included in
the recommendations in Table 3-5.

Table 3-5. Recommended Initial Losses

Recommended
Initial Loss,
Land Use inches
Paved Areas 0.0
Sloped Roofs 0.0
Flat Roofs 0.0
Lawn Grass 0.3
Open Fields with Minimal Vegetation 0.2
Open Fields with Cover Crop 0.3
Wooded Areas 0.4

Presented in Table 3-6 are recommended constant loss rates for each of the NRCS hydrologic
soil groups. The appropriate hydrologic soil group for any location or soil type in Solano County
can be found in Soil Survey of Solano County, California (issued May 1977).
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Table 3-6. Recommended Constant Loss Rates

NRCS Hydrologic Recommended Constant
Soil Group Loss Rate,® inches/hour

A 0.35

B 0.20

C 0.10

D 0.02

®  Some agricultural practices compact the soil and reduce
infiltration rates. In such areas, the loss rate should be
reduced appropriately.

Initial and constant loss rates for a watershed of several land uses or soil groups can be calculated
with an area-weighted average.

In addition to the loss rates, it is also necessary to enter the impervious percentage on the LU
data record. Typical impervious percentages for several land uses are listed in Table 3-7.
However, for any specific development project or area, the actual impervious percentage should
be used, if it is known or can be determined.

Table 3-7. Impervious Percentage for Common Land Uses

Impervious
Land Use Type Percentage
Highways, Parking Areas 95
Commercial, Industrial, Office 85-95
Apartments, Condominiums 70-80
Single Family Residential (including duplex or split lot housing)
6 - 10 units/acre 50-60
3 - 6 units/acre 30-50
1 - 3 units/acre 15-30
< 1 unit/acre 5-15
Parks 5-10
Open Space (fields, wooded areas) 1-5

Precipitation Excess Transform Methods

The Snyder Method is recommended for use in HEC-1 and HEC-HMS for transforming the
rainfall excess into a runoff hydrograph. (The US record in HEC-1. For HEC-HMS, from the
HMS*Schematic window, double-click on the subbasin element icon, select the “Transform”
folder, and select “Snyder” from the “Method” drop down list.) This method estimates unit
hydrographs based on the physical characteristics of the watershed/channel system. The data
requirements for the Snyder method are:
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e Snyder’s standard lag (hrs)—This value is the time from the centroid of rainfall
excess to the peak flow at the point of analysis (see Figure 3-3).

e Snyder’s peaking coefficient (cfs)—This value represents the peak flow for the unit
hydrograph at the point of analysis. A value of 0.45 should be used.

One optional data set could be used to describe the time-area relationship of the watershed (the
UA record in HEC-1, not available in HEC-HMS), but because this relationship is difficult to
develop accurately, use of the UA record is not recommended. If this record is not used, HEC-
1/HEC-HMS automatically uses a default relationship.

The Snyder Standard Lag is defined as the time from the centroid of the rainfall to the time of
peak flow, as shown in Figure 3-3. Snyder’s standard lag can be determined using Figure 3-4 or
calculated using Equation 3-6. This equation for L has been developed so that peak flows from
recent large storms in Gibson Canyon Creek match the gaged flows for the creek (see the
example in Appendix C).

L, = 0.34 = (0.728 - 0.00546 * P) * (A/(S")°2 (Bquation 3-6)
where:

L, = Snyder’s standard lag time, hours

P = Percent urbanization, or the percentage of the watershed that is
commercial, industrial, residential, institutional, and otherwise developed.
Percent urbanization is not the same as the percent impervious.

A = Areaof watershed, acres

S = Slope of the main channel, feet/feet

Hydrograph Routing

The Muskingum-Cunge hydrograph routing method is recommended for use (The RD record in
HEC-HMS. From the HMS*Schematic window, double-click on a reach element icon, and select
“Muskingum Cunge Std” or “Muskingum Cunge 8 Point” from the “Routing Method” drop
down list.). This method can be used with the standard channel sections (trapezoidal, square, or
circular) or with 8 point channel cross sections (on RC, RX, and RY records). The data required
to use this method include:

e Channel length (ft)—Measured from drainage system maps or USGS quadrangle
maps.

e FEnergy grade line slope (ft/ft)—Approximated with the channel or pipe slope.

¢ Manning’s n—>Standard values for many pipe materials may be used. For open
channels, a site visit is recommended to accurately determine the n value.

e Channel shape—Either trapezoidal, square, or circular (or an 8 point channel cross-
section on RC, RX, RY records).

e Channel bottom width (for trapezoidal channels) or diameter (for pipelines).
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Figure 3-4. Snyder's Standard Lag Time, L,
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¢ Side slopes (for trapezoidal channels only).

e Routing increments—Number of increments used in the finite difference solution.
This value is optional, and if not specified, the HEC program will automatically select
an appropriate value.

If used, the RC, RX, and RY data records describe the channel roughness, length, slope, and
geometry.

Reservoir Routing
Reservoir routing in HEC-1 is completed using one of two general approaches:

1. Providing the program with the user defined reservoir elevation (on SE records)
versus storage volumes (on SV records) or reservoir surface area (on SA records, and
the program calculates volumes), and the physical dimensions of the low level release
structure and the spillway structure (on SL, SS, ST records). The program then
calculates an elevation versus release relationship and tracks the inflow, storage, and
release based on the user defined and program calculated relationships.

2. Providing the program with the user defined reservoir elevation (on SE records)
versus storage volumes (on SV records) or reservoir surface area (on SA records, and
the program calculates volumes), versus release (on SQ records) relationship. The
program then tracks the inflow, storage, and release based on the user-defined
relationships.

Either of these methods is recommended for use in HEC-1, however, HEC-HMS currently
provides only the capability to use the second method. From the HMS*Schematic window,
double-click the reservoir element icon. The data for these reservoir routing methods is
dependent upon the specific reservoir site, dam/basin size, and release structure. Consequently,
simple formulas for calculating the data values can not be provided.

Other HEC-1/HEC-HMS Capabilities

HEC-1/HEC-HMS have many other capabilities, such as simulations of pump stations, flow
diversions, optimization capabilities, and more. Although not discussed here, any of these
capabilities can and should be used if appropriate.
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