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1. PROJECT INTRODUCTION

1.1 Project Description

The County of San Diego has retained the services of Bureau Veritas North America, Inc.
(BVNA) to perform an analysis of the region’s current Nested rainfall distribution methodology.
This analysis involved research of existing rainfall distribution methodologies utilized in the
southwestern United States, processing of available United States Geological Survey (USGS)
stream gauge data for six (6) basins located in the County of San Diego, and the creation of
HEC-HMS models considering SCS Type B, SCS Type 1, and Nested rainfall distributions for
the same six (6) basins in which stream gauge data was analyzed. The information determined
from this analysis was then interpreted in an effort to aid in the selection of a rainfall distribution
methodology that is most appropriate for the County of San Diego.

1.2 Project History

The 1993 County of San Diego Hydrology Manual utilized a hypothetical Type B rainfall
distribution for hydrologic computations related to basins 1 square mile and greater in size. This
Type B rainfall distribution was applied to 6-hour and 24-hour duration storm events by utilizing
data from the tables and figures provided within the 1993 Manual. The 24-hour duration
generally produced results indicative of the maximum stormwater runoff rates and volumes;
however, for certain basin conditions, the 6-hour duration produced higher peak stormwater
runoff rates. Therefore, separate analyses of the 6-hour and 24-hour distributions were
necessary in order to determine the appropriate peak stormwater flow rates and volumes. The
peak rainfall intensity for the Type B rainfall distribution occurred prior to the halfway point of
the storm event (41% of storm duration) for each duration storm. For example, the 24-hour
storm produced peak rainfall intensity at hour 9.84 and the 6-hour storm produced peak rainfall
intensity at hour 2.46. The Type B rainfall distribution utilized in the 1993 Manual was derived
from “TR-60 Earth Dams and Reservoirs” developed by the Soil Conservation Service (SCS),
dated 1985.

The 2003 County of San Diego Hydrology Manual currently utilizes a hypothetical Nested
rainfall distribution for hydrologic computations related to basins 1 square mile and greater in
size. This Nested distribution combines calculations for the 6-hour and 24-hour storm into a
single storm distribution hydrograph via rainfall intensity formulas and a log-log distribution
provided within the 2003 Manual. The peak rainfall intensity for this Nested rainfall distribution
occurs at the two-thirds point of the storm event (2/3:1/3 distribution). For example, the 24-hour
storm produces a peak rainfall intensity at hour 16. The 2/3:1/3 Nested rainfall distribution is a
modified version of the nested distribution originally described in “TD-15 Hydrologic Analysis of
Ungaged Watersheds Using HEC-1”, which utilized a 1/2:1/2 distribution.

When the 2003 County of San Diego Hydrology Manual was adopted, public comments
indicated that the peak flow rates and volumes calculated via the Nested distribution in the 2003
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Manual were larger than those calculated utilizing the Type B distribution methodology in the
1993 Manual. Prior to implementing an update to the currently used 2003 County of San Diego
Hydrology Manual, the County requested that an analysis of the Nested rainfall distribution be
performed so that the rainfall distribution most appropriate for the County of San Diego can be
selected.

1.3 Project Outline

The County of San Diego has retained the services of Bureau Veritas North America, Inc.
(BVNA) to perform an analysis of the region’s current Nested rainfall distribution methodology.
Tasks performed by BVNA within the scope of this analysis included research of existing rainfall
distribution methodologies used in the southwestern United States (Appendix A), processing of
available United States Geological Survey (USGS) stream gauge data for six (6) basins within
the County of San Diego (Appendix B), and creation of HEC-HMS models considering SCS
Type B, SCS Type 1, and Nested rainfall distributions for the same six (6) basins in which
stream gauge data was analyzed (Appendix C). A comparison of the results from Appendices B
and C was then performed in order to determine the relationship between the available USGS
peak stormwater flow rates and the peak stormwater flow rates determined by the HEC-HMS
models for SCS Type B, SCS Type 1, and Nested rainfall distributions.

This report is separated into four (4) parts:

Part 1: Analysis of Results for the County of San Diego Rainfall Distribution Study Project

Part 1 of the report is intended to provide a comparative analysis of the results presented in
Appendices A through C in an effort to identify the rainfall distribution methodology that is most
appropriate for the County of San Diego.

Part 2: Research Report for the County of San Diego Rainfall Distribution Study Project
(Appendix A)

Appendix A of this report documents research on the rainfall distributions used within fourteen
(14) regions of the southwestern United States; interviews with seven (7) individuals, selected
by the County of San Diego, regarding their perceptions on the use and applicability of the
current Nested rainfall distribution for the County of San Diego; and relevant documents
reviewed including the “Report on the Calibration Analysis for the San Diego County Hydrology
Manual” prepared by Hromadka and Associates, dated May 2007.

Part 3: Stream Gauge Data Analysis for the County of San Diego Rainfall Distribution Study
Project (Appendix B)

Appendix B of this report documents the analysis of data from six (6) USGS stream gauges and
six (6) San Diego County Flood Control District (SDCFCD) rainfall gauges within the County of
San Diego. This analysis was primarily performed by Dr. R. Edward Beighley, Ph.D., professor
in Civil, Construction, and Environmental Engineering at San Diego State University. This report
provides details on the estimated peak discharges for 2-year, 5-year, 10-year and 100-year
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storm events developed for each stream gauge location including the assessment of variations
in the measured annual peak discharges over time due to urbanization and short-term and
long-term climate trends. For each of the six (6) basins analyzed, event rainfall distributions for
past major storms are presented and compared to event rainfall distribution curves using
representative design storms such as the Nested design storm, currently recommended in the
2003 version of the San Diego Country Hydrology Manual, as well as the previously
recommended Type B distribution and the Type | distribution recommended by the U.S.
Department of Agriculture’s Natural Resources Conservation Service (NRCS), formerly the Soil
Conservation service (SCS). The six (6) basins analyzed in this portion of the report are listed
below.

Basin Models:

Guejito Creek
Jamul Creek

Las Flores Creek
Los Coches Creek
Santa Maria Creek
Sweetwater River

ouprwNE

Part 4: Hydrologic Basin _Modeling for the County of San Diego Rainfall Distribution Study
Project (Appendix C)

Appendix C of this report provides results for the analysis of the six (6) single-basin HEC-HMS
hydrologic models located within the County of San Diego for which USGS stream gauge data
was available and includes basin outflow hydrographs for a series of assumed storm events
and storm distributions as identified below.

Basin Models:

Guejito Creek
Jamul Creek

Las Flores Creek
Los Coches Creek
Santa Maria Creek
Sweetwater River

oghkwnE

Storm Events and Distributions Considered for Each Model:

1. SCS Type B Rainfall Distribution
o 100-year, 10-year, 5-year, and 2-year -- 24-hour storm events
o 100-year, 10-year, 5-year, and 2-year -- 6-hour storm events
2. SCS Type 1 Rainfall Distribution
o 100-year, 10-year, 5-year, and 2-year -- 24-hour storm events
o 100-year, 10-year, 5-year, and 2-year -- 6-hour storm events
3. Nested Rainfall Distribution
o 100-year, 10-year, 5-year, and 2-year -- 24-hour storm events
o *Note: 6-hour storm event is not applicable to the Nested rainfall distribution.
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2. ANALYSIS OF RESULTS

2.1 Characteristics of Basins Analyzed

Six basins located within the County of San Diego have been analyzed within the scope of this
report. The County of San Diego Flood Control staff has selected these basins by screening all
available gauges and removing all basins with constraints that made them ineligible for the
analysis performed herein. Table 1 below presents the range of basin characteristics
associated with the basins analyzed in this report. Table 2 on the next page presents a brief
summary of all basin characteristics analyzed within this report. For more detailed information
on all of the basin characteristics analyzed within this report, see Appendix C.

Table 1. Characteristics of Basins Analyzed

Basin Variables Minimum Maximum
Basin Area (square miles) 12.2 70.1
Lag Time (minutes) 114.4 308.4
Adjusted Rainfall Depth (inches)
(100 yr - 24 hr) 4.6 11.4
Adjusted CN Values (100 yr - 24 hr) 86 92

2.2 Peak Stormwater Flow Rates

The peak stormwater flow rates determined for the Type B, Type 1, and Nested rainfall
distributions, as well as the peak stormwater flow rates from the observed gauge data, are
provided in Table 2 on the next page. Of particular importance in this analysis are the
relationships between the calculated and observed 100-year stormwater flow rates. These
relationships are presented in Tables 3, 4, and the text that follows.



Table 2: Type B, Type 1, Nested, and Gauge Results Comparison Summary — 24-hr Event

Basin Variables Guejito Jamul Las Flores | Los Coches | Santa Maria Swee.twater
Creek Creek Creek Creek Creek River
Area (square miles) 22.5 70.1 26.6 12.2 57.0 445
Lag Time (minutes) 1223 135.2 136.8 114.4 308.4 193.0
:: = 100 yr - 24 hr 7.9 6.0 4.6 6.2 5.7 114
HC E g' '5 10 yr - 24 hr 54 34 3.2 3.7 3.8 6.7
}*E "<:3: % g 5yr-24hr 4.3 3.0 2.7 33 3.3 5.7
Sl = 2yr-24hr 33 2.0 1.8 2.4 2.4 4.3
:; z 100 yr 90 92 86 89 88 90
a :ch g 10 yr 82 88 80 84 82 79
__g g S5yr 82 88 80 84 82 79
=t 2yr 82 88 80 84 82 79
Type B - 24-hr 13,566 30,473 6,951 5,599 13,188 31,986
Quo0 Type 1 - 24-hr 15,009 33,276 7,584 6,260 13,832 33,799
(cfs) Nested 13,618 28,216 9,564 5,571 15,122 27,421
FFD Gauge 6,610 12,600 12,600 1,350 17,400 21,800
Type B - 24-hr 6,862 12,876 2,876 2,313 5,859 13,285
~ Q10 Type 1 - 24-hr 7,571 14,055 3,110 2,566 6,208 14,178
'DB‘; (cfs) Nested 7,447 15,218 4,250 2,894 7,684 14,479
% FFD Gauge 1,040 2,240 2,240 572 2,410 2,580
% Type B - 24-hr 4,822 10,651 2,030 1,914 4,592 10,379
:EU Qs Type 1 - 24-hr 5,308 11,619 2,188 2,117 4,875 11,087
o (cfs) Nested 5,756 13,899 3,344 2,459 6,058 11,788
FFD Gauge 467 975 975 386 968 1,040
Type B - 24-hr 3,067 5,384 753 1,070 2,505 6,505
Q, Type 1 - 24-hr 3,359 5,844 801 1,172 2,673 6,960
(cfs) Nested 4,146 8,058 1,588 1,535 3,633 7,603
FFD Gauge 98 166 166 173 146 185

1. Lag Time Calculations are included in Appendix C.5 of this report.
2. Adjusted rainfall depths as determined percalculations in Appendix C.7 of this report. These depths are
applicable to Type 1 and Type B storms only, refer to Appendix C.10 for the Nested adjusted rainfall depths.

3. Adjusted CN values as determined per calculations in Appendix C.4 of this report.

4. Peak discharge flow rates (cfs) as determined per HEC-HMS Output included in Appendix C.12 of this report.
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Table 3: Peak Flow Rates for Type B, Type 1, and Nested Distributions Represented as a
Percentage of FFD Gauge Flow Rates (100-yr, 24-hr Event)

Distributions Compared Guejito Jamul Las Flores | Los Coches |Santa Maria Swee'twater
Creek Creek Creek Creek Creek River
Type B / FFD Gauge 205% 242% 55% 415% 76% 147%
Type 1/ FFD Gauge 227% 264% 60% 464% 79% 155%
Nested / FFD Gauge 206% 224% 76% 413% 87% 126%
FFD Gauge / FFD Gauge 100% 100% 100% 100% 100% 100%

Table 3 above represents the peak flow rates calculated in HEC-HMS versus the flow rates
derived from available USGS data (FFD Gauge) as a percentage value. The observed FFD
Gauge flows are represented by a value of 100%, while flows for the Type B, Type 1, and
Nested distributions are represented as a percentage of the FFD Gauge data. For each basin,
the rainfall distribution method producing results nearest to 100% is considered the most
accurate.

The HEC-HMS calculated results range from 55% to 464% of the observed FFD Gauge data.
For 5 of the 6 basins analyzed, the Nested distribution produced peak flow rates that were
closer to the provided FFD Gauge data than the peak flow rates calculated for the Type B and
Type 1 distributions. For 1 of the 6 basins analyzed, the Type B distribution produced peak flow
rates that were closest to the provided FFD Gauge data; however, even in this case the peak
flow rates for the Nested distribution were within 1% of the Type B peak flow rates.

Table 4: Peak Flow Rates for Type B, Type 1, and Nested Distributions Represented as a
Percentage of Type B and Type 1 Flow Rates (100-yr, 24-hr Event)

Distributions Compared Guejito Jamul Las Flores | Los Coches |Santa Maria| Sweetwater
P Creek Creek Creek Creek Creek River
Type 1/ Type B 111% 109% 109% 112% 105% 106%
Nested / Type B 100% 93% 138% 100% 115% 86%
Nested / Type 1 91% 85% 126% 89% 109% 81%

Table 4 above illustrates the relationship of calculated peak flow rates for the Type B, Type 1,
and Nested rainfall distributions.

Type 1 Compared to Type B

The Type 1 and Type B peak flow rate calculations produced results that were comparable,
varying from 5% to 12% of one another. In all cases analyzed, the Type 1 distribution produced
a greater peak flow rate than the Type B distribution. This can be attributed to the fact that the
Type 1 distribution produces a shorter, more intense maximum rainfall period that occurs at a
later point than the Type B distribution. The consistency of the Type 1 and Type B results is
logical because all of the input variables, except for the actual rainfall distribution ratios, are
identical.
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Nested Compared to Type 1 and Type B

The Nested distribution calculations did not produce peak flow rates that were comparable to
results from the Type 1 or Type B distributions. When compared, the calculated Nested and
Type B or Type 1 peak flow rates varied from -19% to 38% of one another. Given the range of
results, it cannot be stated that the Nested distribution produces peak stormwater flow rates
that are consistently higher or lower than the results obtained from the Type B or Type 1
distributions. Observation of these results indicate that for 4 out of the 6 basins analyzed, the
Nested distribution produces peak flow rates that are less than or equal to the peak flow rates
calculated via Type 1 or Type B distributions. For 2 out of the 6 basins analyzed, the Nested
distribution produced a higher peak flow rate than the Type 1 or Type B distributions. The
variation of results between the Nested and Type 1 or Type B distributions is logical because
the Nested distribution uses different Rainfall Depth-Area Adjustment Factors, combines rainfall
data from 6-hour and 24-hour storms into a single distribution, and utilizes an entirely different
rainfall distribution method.

2.3 Stormwater Volumes

Stormwater runoff volumes associated with the 100-year storm events could not be determined
based on the gauge data that was available for this study. The scope of this report does not
analyze these events with respect to volume.

3. CONCLUSION

The County of San Diego maintains a strong commitment to the implementation of flood control
policies and procedures that consistently produce results that are scientifically and historically
appropriate for the San Diego region. As stated in the 2003 County of San Diego Hydrology
Manual:

The purpose of this manual is to provide a uniform procedure for flood and stormwater
analysis within San Diego County. It provides a guide for policies and procedures based
upon the science and data available to attain reasonable standardization of hydrology
studies throughout the county [...].

Flood management hydrology deals with estimating flow peaks, volumes, and time
distributions of storm runoff. The prediction of these characteristics is fundamental to the
design of stormwater management facilities. Errors in the estimates may result in a
stormwater management facility that is either undersized and fails to provide public
safety and flood protection or is oversized and costs more than necessary. On the other
hand, the timing, distribution, and intensity of rainfall is a natural process subject to
considerable variability. The science of hydrology attempts to make predictions based
upon historical rainfall data and an understanding of the relationship between
precipitation and runoff. (2003 Manual)
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Given the inherent variability of natural hydrologic parameters utilized in the calculation of peak
stormwater flow rates and volumes, the application of policy and procedure-based methods for
hydrologic calculations may not always produce the most accurate results possible. When
available, observation of local stream gauge data may be used to more accurately develop
peak discharges and hydrographs. While observation of stream gauge data may be an
accurate method of determining peak stormwater flow rates and volumes, incorporating this
method as a standard policy of flood management hydrology is infeasible due to the number of
stream gauges that would be required throughout the County.

The information presented in the Stream Gauge Data Analysis Report provided in Appendix B
of this report, suggests that all three design storms generally agree with the observed rainfall
patterns. The primary difference between the observed and design storm patterns is related to
the fraction of rainfall occurring before the maximum 6-hour period. In general, the observed
rainfall patterns received about 6-7 percent more rainfall prior to the start of the peak period
relative to the Type | and Type B storms and about 8 percent less rainfall relative to the Nested
storm. The observed rainfall patterns also received about 7 percent more rainfall during the
peak period relative to the Nested storm and 3-4 percent more rainfall relative to the Type | and
Type B storms, respectively.

The information presented in the Hydrologic Basin Modeling Report provided in Appendix C of
this report, and summarized in Table 2 herein, illustrates the variability of the results that can
occur between calculated and observed peak flow rates. This variability highlights the point
made in the 2003 Manual that flood management hydrology is intended to allow for an
estimation of pertinent flow characteristics such as peak stormwater flow rates to be made.

With respect to the scope of this report, regarding the selection of the most appropriate rainfall
distribution methodology for implementation into the updated County Hydrology Manual, it is the
County’s duty to select a rainfall distribution that most consistently, conservatively, and
accurately duplicates the peak 100-year stormwater flow rates and volumes observed within the
available historic gauge data. As presented in Table 3 herein, the Nested distribution produced
the most accurate, conservative, and precise results between the three rainfall distributions
analyzed. The Nested distribution produced peak 100-year stormwater flow rates ranging from
76 to 413 percent of the observed gauge data, while the Type B and Type 1 distributions
produced flow rates that ranging from 55 to 415 percent and 60 to 464 percent respectively.
Based on this data, the Nested rainfall distribution appears to produce results that are most
characteristic of the County’s needs.
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1. PROJECT INTRODUCTION

The County of San Diego has retained the services of Bureau Veritas North America, Inc.
(BVNA) to perform an analysis of the region’s current Nested rainfall distribution methodology.
Tasks performed by BVNA within the scope of this analysis included research of existing rainfall
distribution methodologies used in the southwestern United States (Appendix A), processing of
available United States Geological Survey (USGS) stream gauge data for six (6) basins within
the County of San Diego (Appendix B), and creation of HEC-HMS models considering SCS
Type B, SCS Type 1, and Nested rainfall distributions for the same six (6) basins in which
stream gauge data was analyzed (Appendix C). A comparison of the results from Appendices B
and C was then performed in order to determine the relationship between the available USGS
peak stormwater flow rates and the peak stormwater flow rates determined by the HEC-HMS
models for SCS Type B, SCS Type 1, and Nested rainfall distributions.

This portion of the report, Appendix A, performed research on the rainfall distributions used
within fourteen (14) regions of the southwestern United States; interviewed seven (7)
individuals, selected by the County of San Diego, regarding their perceptions on the use and
applicability of the current Nested rainfall distribution; and reviewed relevant documents
including the “Report on the Calibration Analysis for the San Diego County Hydrology Manual”
prepared by Hromadka and Associates, dated May 2007, hereinafter referred to as the
Hromadka Report.

2. RAINFALL METHODOLOGY RESEARCH
2.1 Rainfall Methodology Research Locations

The rainfall distribution methodologies for the following areas have been researched within the
scope of this report:

Alameda County, California
County of Sacramento, California
County of Orange, California
County of San Bernardino, California
County of Kern, California
County of San Joaquin, California
Imperial Irrigation District, California
Fresno County, California
Los Angeles County, California

. City of Los Angeles, California

. Riverside County, California

12. Santa Clara County, California

. Maricopa County, Arizona

. Pima County, Arizona
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2.2 Site Specific Rainfall Methodology Research

Site specific rainfall methodology research was conducted by visiting websites hosted by the
jurisdiction being studied and reviewing the information obtained from the search. Where
appropriate, specific passages from the reviewed manuals are repeated herein without edits. All
relevant manuals are referenced at the end of this report to provide clear credit for the
information obtained.

2.2.1 Alameda County Rainfall Methodology Research Results

The Alameda County Hydrology and Hydraulics Manual, dated June 2003, indicates a
hypothetical rainfall distribution has been adopted for use within the County. The County uses a
synthetic unit hydrograph method to transform the hypothetical rainfall distribution and design
rainfall depth into a design runoff hydrograph. The District has adopted a modified Snyder Unit
Hydrograph method that appears to work well within the hydrologic and topographic variations
found in the County. This method is used by the County to provide the engineer with peak
discharge information necessary to design conveyance as well as detention facilities.

Alameda County has adopted a 6-hour design storm distribution for calculation of peak
discharges from watersheds larger than one square mile and up to twenty square miles. The 6-
hour distribution is used to determine design discharges for all primary facilities with drainage
areas greater than one square mile. A 24-hour design storm distribution is used for calculation
of peak discharges from watersheds larger than twenty square miles, and for use in detention
basin design.

The adopted 6-hour and 24-hour cumulative rainfall distribution patterns are based on 15-
minute time increments. The 15-minute time increment is adequate for determining peak design
flow rates for the range of applicability of the synthetic unit hydrograph method. The 24-hour
distribution is used for determining required design volumes for detention basins but is not used
for associated peak discharge rates.

2.2.2 County of Sacramento Rainfall Methodology Research Results

The City and County of Sacramento Drainage Manual, dated December 1996, indicates design
storms are obtained from a statistical analysis of local precipitation records. The use of design
storms limits facility design to a narrow range of the possible precipitation patterns and
durations. For the planning and design of facilities which are highly dependent on the temporal
distribution and volume of precipitation, such as detention facilities, the use of historic storms
may be more appropriate. The City or County may require the use of historic storms to
determine runoff volumes. Additionally, the City or County may require the reconstitution of
historic storms to calibrate hydrologic models. Point precipitation records at gauges have been
used in the past, but radar imagery is beginning to be used as well. Continuous simulation
involves the use of historical, long-term precipitation records rather than a single design storm
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or historic storm. Continuous simulation can sometimes provide a better approximation of
drainage facility reliability.

The Sacramento Method of development of design storms includes two types of design storms,
short-duration and long-duration. The design storm selected is dependent on whether peak flow
or total volume of runoff is desired. The rainfall distribution (or temporal distribution) is a single
cloudburst for short-duration storms and multiple events for long-duration storms. Short-
duration storms are considered to be 6-hr, 12-hr and 24-hr storms. Long-duration storms are
considered to be 36-hr, 5-day and 10-day storms.

The temporal distribution of rainfall varies with respect to characteristics such as the type of
storm, intensity of the storm, and the duration of the storm, all of which have an affect the
calculated runoff hydrograph. There is no typical distribution that is applicable to all precipitation
events. For design purposes, two different temporal distributions based on the storm duration
are included in the Sacramento method.

The short-duration storm is a symmetrical precipitation distribution selected to represent the
short duration storms in Sacramento County. A symmetrical precipitation distribution is
constructed such that the depth specified for any duration occurs during the central part of the
storm. The design storm pattern consists of critical incremental precipitation depths nested
within the storm duration in an alternating pattern with the maximum value in the center and the
second highest value to the right of center. With this nested pattern, the critical storm depth for
all durations less than the total duration of the storm are nested within the storm. This pattern is
referred to as a balanced storm. Time increments of 5 minutes are recommended for the
calculation of precipitation for design storms in Sacramento County.

Long-duration storms in the
Sacramento area typically
consist of several
precipitation events = =
separated by periods of g §
either low intensity | £ £
precipitation or no |# g |
precipitation.  Precipitation / \
patterns for long duration 1 : \ ) l
storms were developed from TIME, HoURS TME DAYS
an analysis of historical SHORT-DURATION STORM LONG-DURATION STORM
storms. Example  short-
_ _ DESIGN STORM TEMPORAL DISTRIBUTION
duration and long-duration
storm rainfall distributions

are illustrated in Exhibit 1 at Exhibit 1: Short Duration and Long Duration Rainfall Distribution
right. for the City and County of Sacramento
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2.2.3 Orange County Rainfall Methodology Research Results

Three different design storms are used within Orange County to address watersheds without
detention basins, watersheds with flow-through detention basins and watersheds with flow-by

detention basins.

For watersheds that do not contain detention basins, the unit hydrograph method calculation is
used with the peak storm centered around 16 hours for the 24 hour storm event as illustrated in
Exhibit 2 below. After calculation of the unit time interval precipitation depths, the depths are
arranged into the storm pattern shown so that the peak unit interval occurs at two-thirds of the
storm duration.
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Exhibit 2: Rainfall Distribution for Orange County
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For watersheds with flow-through detention basins, a multiday design storm is used and the
rainfall distributed as depicted in Exhibit 3 below. Successive day storms are developed and
added in the front of the previously developed design storm pattern until the detention basin
system demonstrates no increase in the required basin volume due to the further extension of
the design storm pattern. The extended design storm is constructed from an arrangement of
rainfalls of identical T-year return frequency. Even though a two day or longer duration multiday
storm is being used to test the detention basin’s level of flood protection, the extended design
storm still contains no more than T-year rainfall depths for the extended duration.

I O
<X 0
g > ADDITIONAL DAY DESIGN STORMS
Q z MAY BE NEEDED DEPENDING ON
@ BASIN DEMAND
g m
AK -
o ¢ PEAK 48 - HOURS
E :Q-.: PRECEDING PE 4-
E - A 24-HOUR §TORM PATTERN (SEE SECTION B-4)
< PEAK 12-HOURS
w
g PEAK
z ~&-HOURS
g PEAK
F4 3*HR
b-3
=
- "
m Z |=
n % 2 A
o m ® TOTAL MASS RAINFALL = (PEAK |
b g - 48- HOUR MASS RAINFALL-(PEAK
I m 24-HOUR MASS RAINFALL)
E' o eg.8.22"563%=2.59
0 M
om jL T T
cw . —
&" g 0 4 M 12 s 20 u 2 22 3 4 -
D EXTENDED CRITICAL STORM TIME (HOURS) o
9
Z 2
£ (SEE TABLE B.| FOR LONG DURATION PRECIPITATION DATA)

Exhibit 3: Rainfall Distribution for Flow-Through Detention Basins in Orange County



For watersheds with flow-by detention basins, a slightly revised multiday storm configuration is

used as depicted in Exhibit 4 below.
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Exhibit 4: Rainfall Distribution for Flow-By Detention Basins in Orange County
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2.2.4 County of San Bernardino Rainfall Methodology Research Results

The County of San Bernardino has prepared rainfall isohyetal maps in order to analyze point
precipitation patterns within a watershed based on the NOAA Atlas 2. The rainfall data obtained
from the NOAA Atlas 2 should be checked against current frequency analysis for all rain
gauges within the study watershed and adjustments made as necessary and as approved by
the County.

The peak 5-minute, 30-minute, 1-hour, 3-hour, 6-hour and 24-hour area averaged point
precipitation values are required in order to develop the design storm pattern to be used to
compute the watershed runoff hydrograph for the subject rainfall return frequency. Unit
hydrograph studies must be submitted for review and approval by the County.

The design storm pattern is based upon a single synthetic 24-hour critical storm pattern which
includes the peak rainfall intensities estimated for the 5-minutes, 30-minute, 1-hour, 3-hour, 6-
hour and 24-hour durations. The storm pattern is developed from the watershed area-averaged
point precipitation values and modified incrementally according to the depth-area curves
published in the County’s Manual. The assignment of peak values within the synthetic critical
storm pattern is depicted in Exhibit 5 below.

For large watersheds
(e.g. 5 square miles
and larger), or for
detention basin
studies, the entire 24-
hour synthetic storm
pattern  may  be
required for
hydrologic study
purposes. For smaller
watershed (less than
5 square  miles)
where only peak
runoff  rates are
required, the peak 3-
hours of the 24-hour
synthetic storm
pattern can generally
be used for study
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purposes. Exhibit 5: Rainfall Distribution for San Bernardino County
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2.2.5 County of Kern Rainfall Methodology Research Results

The hydrologic procedures for Kern County are based on the design storm rainfall-runoff model
calibration study conducted by Dr. Hromadka for the Orange County Environmental
Management Agency (OCEMA) and the San Bernardino County Water Resources Division.

The Kern County Manual indicates a calibrated design storm rainfall-runoff model should satisfy
three major characteristics. First, the runoff portion of the model should reproduce observed
flood events with a reasonable accuracy given adequate observed rainfall for the event.
Second, the calibrated design storm model should reproduce n-year peak discharge frequency
curves from stream gauge data with reasonable accuracy. A Nested duration storm pattern,
also referred to as a “balanced” storm in TD-15, was used to provide uniform return frequency
rainfalls for all durations. The Manual further indicates that because every watershed is
sensitive to a particular duration of rainfall that will produce the peak discharge, a Nested
duration design storm ensures that each watershed will receive the design frequency depth of
rainfall for its critical duration. In the design storm, the maximum 5 minutes of rainfall is nested
within the maximum 10 minutes, the maximum 10 minutes within the maximum 15 minutes and
so forth until a 24-hour storm pattern is developed. A 2/3, 1/3 time distribution with T-year
frequency rainfalls nested about hour 16 of the 24-hour storm was chosen due to the sensitivity
in reservoir or detention basin design with respect to storm pattern shape.

In order to calibrate the design storm for the model so that the peak flow rate estimates
represent local flood frequency tendencies, an objective criterion for flood protection must be
specified. Not only is the 100-year flood, for example, selected as a targeted level of flood
protection, but also a level of confidence in estimating (or exceeding) the 100-year flood must
be specified. This specification for a hydrologic model then becomes a policy statement for
flood control. The results of the calibration are specified in terms of T-year precipitation needed
to produce 50-percent and 85-percent confidence level T-year peak discharge, given all other
hydrologic parameters invariant.

Third, the calibrated design storm rainfall runoff model should be transportable to ungauged
watersheds with assurance that the computed peak discharges are a reasonable estimate of
T-year peak discharges. This can be achieved because the parameters that vary with physical
characteristics of a watershed are all deterministic: S-graph, lag and loss function. The
calibrated design storm provides considerable assurance that the appropriate modification for
the deterministic variables, reasonable estimates of n-year peak discharges will result.

The rainfall distribution for Kern County is depicted in Exhibit 6 on the next page.
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2.2.6 County of San Joaquin Rainfall Methodology Research Results

The County of San Joaquin specifies the rational method for smaller watersheds and
hydrograph methods of analysis for the larger, more complex watersheds. While the County
indicates for the Rational Formula to be used for small watersheds, generally less than 200
acres, the model does not take into consideration such factors as available storage and varying
times of travel. A hydrograph method is also required for the modeling of a proposed detention
basin. The following is a summary of the three hydrologic models and associated rainfall
distributions acceptable by the County for the modeling of existing and proposed watershed
areas.

Technical Release No. 20 (TR-20):

The Soil Conservation Service (SCS) originally developed the TR-20 hydrologic model. The TR-
20 computer program develops flood hydrographs and routes the flow through stream channels
and reservoirs. It is capable of combining hydrographs and determining peak discharges, time
of occurrence, and water surface elevations. The program provides for analysis of up to nine
different rainfall distributions over a watershed under various combinations of land treatment,
floodwater retarding structures, diversions, and channel modification. Such analysis can be
performed on as many as 200 subwatersheds or reaches and 99 structures in any one
continuous run.

Technical Release No. 55 (TR-55):

Technical Release No. 55 (TR-55) uses a derivation of the TR-20 Hydrograph methods to
develop flood hydrographs. As a simplified version of the TR-20 model, it allows the designer to
evaluate a watershed and develop comparable results without using the more complex TR-20
model. The input variables required with TR-55 include Curve Number (CN), Time of
Concentration (Tc), and drainage area. The model is based on a 24-hour statistical design
event. The total rainfall volume and appropriate rainfall distribution for the design storm is to be
derived in accordance with the recommendations of the NRCS.

U.S. Army Corps of Engineers HEC-1.:

The U.S. Army Corps of Engineers Hydrologic Engineering Center developed the hydrology
program HEC-1. The model is capable of analyzing flood events for a wide range of conditions,
from small urban watersheds, to large multiple watershed river basins. The basic components
of the model include the development of surface runoff for each watershed, channel and
reservoir routing, and the combining of hydrographs at confluences. The model also contains
numerous program options such as Dam Break Analysis, flood damage modeling and many
others, which in general only pertain to large scale capital improvements. The HEC-1 computer
model is based on the statistical design storm required by these standards and the standard

10
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methodologies set forth in the most recent version of the U.S. Army Corps of Engineers HEC-1
hydrologic computer model.

2.2.7 Imperial Irrigation District (Draft) Rainfall Methodology Research Results

The Imperial Irrigation District indicates their rainfall distribution is based on the dimensionless
critical storm patterns using the National Weather Service (NWS) rainfall frequency atlases
developed by the Natural Resources Conservation Service (NRCS, formally the Soil
Conservation Service (SCS)). The rainfall frequency data for areas less than 400 square miles,
for durations up to 24 hours, and for frequencies from 1 to 100 years were used.

These critical storm patterns are based on the generalized precipitation depth-duration-
frequency relationships shown in technical publications of the NWS, and precipitation depths for
durations from 1 minute to 24 hours were used to derive the storm patterns. Using increments
of 30 minutes, incremental precipitation depths were determined. For example, the 30-minute
depth was subtracted from the 1-hour depth and the 1-hour depth was subtracted from the 1.5-
hour depth. The storm patterns were formed by arranging the 30-minute incremental depths
such that the maximum 30-minute depth is contained within the maximum 1-hour depth, and
the maximum 1-hour depth is contained within the maximum 1.5-hour depth and so forth.
Because all of the critical precipitation depths are contained within the storm pattern, the critical
storm patterns may be assumed appropriate for designs on both small and large watersheds.

The Imperial Irrigation District Manual's design storm pattern is based upon a modification of
the SCS 24-hour storm pattern. The design storm pattern provides a representation of local
precipitation depth-duration-frequency tendencies by constructing the nested intervals to fit
local recorded rainfall data. Additionally, the SCS storm pattern is further modified to include the
necessary adjustments (reduction in shorter duration point precipitation values) due to
watershed area effects. The procedures used to construct the 24-hour storm pattern and
determine the associated rainfall depths adjusted for watershed area follow the U.S. Army
Corps of Engineers methods as published in the HEC Training Document No. 15.

The Imperial Irrigation District's design storm criteria extends to a multiday design storm when
needed to evaluate detention basin characteristics. A tabulation provides a ratio of daily
rainfalls to the peak 24-hour mass rainfall, and is used whenever rainfall gauge data is
inadequate to provide the quantities directly.

2.2.8 Fresno County Rainfall Methodology Research Results

Fresno County does not appear to have a published hydrology manual. The Fresno County
improvement standards indicate all drainage designs must be in accordance with the accepted
principles of Civil Engineering, their improvement standards and the latest edition of the
Highway Design Manual (HDM) issued by the California Department of Transportation. The
latest HDM was researched to determine what rainfall distribution methodology is used by
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Caltrans. The Manual indicates that rainfall is the most common factor used to predict design
discharge. Unfortunately, due to the many interactive factors involved, the relationship between
rainfall and runoff is not all that well defined. Intuitively, engineers know and studies confirm,
that runoff increases in proportion to the rainfall on a drainage basin. Highway design engineers
are cautioned about assuming that a given frequency storm always produces a flood of the
same frequency. There are analytical techniques for ungauged watersheds that are based on
this assumption. A statistical analysis of extensive past rainfall records should be made before
such a correlation is accepted.

The HDM further indicates rainfall event characteristics that are important to highway drainage
design are:

Intensity (rate of rainfall)

Duration (time rainfall lasts)

Frequency (statistical probability of how often rainfall will occur)
Time Distribution (intensity hyetograph)

Storm Type (orographic, convective or cyclonic)

Storm Size (localized or broad areal extent)

Storm Movement (direction of storm)

Rainfall distribution information is collected through federal, state, local and private sources, as
well as data from rain gauges that have been analyzed by specialists with the California State
Department of Water Resources (DWR).

2.2.9 Los Angeles County Rainfall Methodology Research Results

The Los Angeles County Department of Public Works' design storm uses a 24-hour cumulative
unit hyetograph to describe the temporal distribution of precipitation. The unit hyetograph
provides the temporal distribution of one inch of rainfall occurring over a 24-hour period.

The unit hyetograph is scaled to match design rainfall depths. Design storm rainfall depths are
determined from isohyets based on hydrologic design standards. Construction of the
hyetograph used the normalized intensity equation solutions with an assumption about where
the inflection point of the cumulative hyetograph occurs.

Development of the rainfall hyetograph used a modified alternating block method. See Applied
Hydrology (Chow, Maidment, and Mays. page 466, McGraw-Hill, New York, 1988) for a
description and example of the alternating block method. Modifications resulted from the use of
the normalized intensity curve, instead of a traditional IDF curve, and the regionally specific
location of the inflection point. This process produces an incremental unit rainfall distribution for
a 24-hour period. The cumulative distribution is developed by summing the incremental
distribution at each time step.

12
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Developing the unit hyetograph using the IDF equation required an assumption about the timing
of the most intense rainfall. The inflection point of the cumulative unit hyetograph represents the
highest intensity. An analysis of the hourly distribution of large historical 24-hour events showed
rainfall intensities increasing during the first 70 to 90 percent of the period and decreasing for
the remaining time. Approximately 80 percent of the total 24-hour rainfall occurs within the
same 70 to 90 percent time range of the period.

The unit hyetograph assumes the rainfall inflection point occurs when 80 percent of the 24-hour
rainfall total has fallen and 80 percent of the 24-hour period has elapsed. Ratios of the depth at
a given time relative to the total 24-hour depth were derived from the intensity equation. These
ratios were then used to define the unit hyetograph curve. The depth ratios were calculated at
5-minute time steps from 5 to 60 minutes and 60-minute time steps between 60 and 1440
minutes.

The rainfall depth ratios for each intensity were placed on either side of the inflection point. The
alternating blocks were placed around the inflection point. However, instead of alternating the
blocks on either side with decreasing intensity, the depth ratios for each time step were split
with 20 percent of depth for each time step after the inflection point and 80 percent before the
inflection point. The distribution of the time steps was similarly divided using 80 percent before
the time of inflection and 20 percent after.

Most major precipitation events in Los Angeles County are the result of extratropical winter
storms. Significant runoff tends to occur when these storms last several days and are
comprised of several individual bands of intense precipitation. In the case of a multiple day
storm, the most intense rainfall tends to occur on the last day. These observations form the
basis for the Department of Public Works' 4-day design storm.

The unit hyetograph is multiplied by the 24-hour rainfall depth to produce a rainfall hyetograph
for the fourth day. The first through third days have respectively 10, 40, and 35 percent of the
fourth day's rainfall.

Furthermore, historical data indicates that spatial distribution of precipitation across the county
is not uniform during storm events. To account for this spatial variability of rainfall, Los Angeles
County Department of Public Works developed rainfall isohyetal maps for the County of Los
Angeles. Isohyetal maps show the 24-hour rainfall depths expected for the 50-year storm
frequency. The rainfall pattern depicted on these maps shows the influence of topography on
rainfall. The isohyetal maps incorporate information from Public Works' rain gauges and the
National Oceanic and Atmospheric Administration's (NOAA) gridded rainfall maps of the area.
The process used NOAA's Atlas 2, 2-year, 24-hour isohyetal data to provide the spatial rainfall
pattern. NOAA is a widely accepted source for meteorological data, and NOAA Atlas 2 is a
recognized standard for spatial rainfall distribution data.
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Detailed rain gauge analysis was performed to determine the various rainfall depth and
frequency relationships. Tables summarize the relationship between various frequencies as
factors of the 50-year frequency depths. The factors are normalized to the 50-year event
because this event is used for Capital Flood Hydrology.

2.2.10 City of Los Angeles Rainfall Methodology Research Results

The City of Los Angeles Bureau of Engineering Manual indicates the pattern storm utilized in
the Los Angeles area is a 24-hour rainfall producing 6 inches of rain. This storm is preceded by
3 days of rainfall whose peak rates are 10%, 40%, and 35% of the above peak rainfall rate. The
pattern storm was developed from many rainfall records by placing the 5-minute period of
highest intensity at a common time: 90 minutes clock time (or 1152 minutes elapsed time).
Eighty percent of the total rainfall time of the storm occurs before the period of highest intensity.
(80% x 24 hrs. x 60 min. = 1152 min.).

2.2.11 Riverside County Flood Control and Water Conservation District Rainfall Methodology
Research Results

The Riverside County Flood Control and Water Conservation District obtains point rainfall data
from isohyetal maps and return periods for storm durations of 3-hours, 6-hours, and 24-hours,
and return periods of between 2-years and 100-years. The rainfall information is based on
NOAA Atlas 2.

The 3-hour and 6-hour duration storms are considered representative of local thunderstorms
which usually occur in the summer months, while the 24-hour storm is considered
representative of the general storms which usually occur in the winter. In general, the 3-hour
and 6-hour storms will control peak discharge for small drainage areas, and the 24-hour storm
will control for large watersheds. In most cases, all three durations should be analyzed. This is
especially true where a reservoir or retention basin is planned, as the long duration storms may
control due to the volume of runoff, even though the peak inflow may be lower than that for
short duration storms.

Rainfall patterns used in development of the 3-hour and 6-hour thunderstorm flood hydrograph
are based on the Indio storm of September 24, 1939. The pattern used for development of the
24-hour general storm flood hydrographs is based on the major flood producing storm of March
1938. This pattern is considered to represent a reasonable distribution of rainfall which will
cause critical runoff conditions during major storm events.

2.2.12 County of Santa Clara Rainfall Methodology Research Results
The Drainage Manual for the County of Santa Clara designates a “design storm” as a term

used to describe the total rainfall depth, which is determined from the combination of the return
period and storm duration. For most analyses and designs in the County, rainfall events of
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interest are those with 2-year, 10-year, and 100-year return periods. The standard storm
duration for rainfall simulation is 24-hours. The Manual contains an adopted 24-hour
incremental rainfall distribution pattern for Santa Clara County. This pattern is based upon the
3-day December 1955 rainfall event, still considered to be the storm of record for northern
California.

The precipitation pattern has been adjusted to preserve the local rainfall statistics in Santa
Clara County based on the District's TDS equations, which are consistent with the IDF curves
provided in the Manual. Thus, the incremental precipitation pattern provided in the Manual is
balanced so that the 24-hour storm distribution may be used even where shorter duration
storms are more critical. The Manual provides tabulated values of precipitation as a percentage
of the total 24-hour depth. The rainfall pattern (hyetograph) can be obtained for any watershed
by multiplying the incremental rainfall distribution percentages by the 24-hour rainfall depth.

2.2.13 Flood Control District of Maricopa County Rainfall Methodology Research Results

Within the Flood Control District of Maricopa County, the 6-hour storm distributions are used for
flood studies and design of stormwater drainage facilities of drainage area less than 20 square
miles. These distributions can also be used for drainage areas larger than 20 square miles and
smaller than 100 square miles by critically centering the storm over all or portions of the
drainage area to estimate the peak flood discharges that could be realized on such a watershed
due to the occurrence of a local storm over the watershed.

The Maricopa County 6-hour local storm distributions consist of five dimensionless storm
patterns. Pattern No. 1 represents the rainfall intensities that can be expected in the “eye” of a
local storm. These high, short-duration rainfall intensities would only occur over a relatively
small area near the center of the storm cell. Pattern No. 1 is an offset, dimensionless form of
the hypothetical distribution derived from rainfall statistics found in the NOAA Atlas for the
Western United States for the Phoenix Sky Harbor Airport location. Pattern Numbers 2 through
5 are modifications of the USACE analysis of the Queen Creek storm on August 19, 1954.

Inspection of the storm patterns indicates that the peak rainfall intensities are much greater for
Pattern No. 1 than for the other pattern numbers, and that peak rainfall intensity decreases as
the pattern number increases. The selection of the pattern number is based on the size of the
drainage area under consideration. The maximum rainfall intensities, averaged over the entire
drainage area, decrease as the size of the drainage area increases. This is to account for the
spatial variability of local storm rainfall wherein the maximum rainfall intensities over the storm
area decrease as the storm area increases.

The Maricopa County 24-hour storm distribution, the SCS Type Il distribution, is to be used for
flood studies and the design of stormwater drainage facilities within the County. The 24-hour
storm distribution is used for flood studies of drainage area larger than 100 square miles. This
distribution is also to be used in combination with the 6-hour storm distribution for drainage
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areas between 20 and 100 square miles to determine whether a local storm or a general storm
will produce the greatest flood peak discharges or the maximum flood volumes.

2.2.14 Pima County Regional Flood Control District Rainfall Methodology Research Results

Hydrologic analyses are completed with PC-Hydro software for smaller watersheds and HEC-
HMS software for more complicated watersheds. PC-Hydro is essentially the rational method
modified to use the CN (modified regionally) to help calculate the runoff coefficient and a basin
factor as an overall measure of impedance to flow on the watershed. The NOAA 14 Upper 90%
rainfall was selected to be most consistent with existing discharges in Pima County.

Two different design storms were selected for use with HEC-HMS, a 3-hour SCS Type Il storm,
and a 24-hour SCS Type | storm. These storms were selected based on an evaluation of the
types of storms in Pima County. There are primarily two rainfall seasons in the County, a
summer monsoon season that produces very localized, high intensity, short duration storms,
and a winter frontal storms season that produces more widespread, longer duration rainfall.

3. INTERVIEWS WITH REGIONAL WATER RESOURCE EXPERTS
3.1 Water Resource Experts Interviewed

The County identified seven (7) water resource experts to conduct a limited interview regarding
their perceptions of applicability of the Nested storm rainfall distribution used in San Diego
County. The following seven (7) individuals identified are as follows:

Dennis Bowling, M.S., P.E.

Dr. Howard Chang, Ph.D., P.E.

Martin Teal, P.E., P.H., D.WRE

Dr. Theodore Hromadka, Ph.D., Ph.D., Ph.D., P.H., P.E.
Jim Zhu, P.E., CFM

Dr. Edward Beighley, Ph.D.

Dr. Victor Ponce, Ph.D.

3.2 Information Collected During Interviews

The following section contains information collected during interviews. The interviewees were
guestioned regarding their perceptions of the applicability of the Nested rainfall distribution to
San Diego County.

3.2.1 Interview with Dennis Bowling, M.S., P.E.

Dennis Bowling was interviewed at the Rick Engineering facility on August 24, 2010. Mr.

Bowling participated in the development of the 2003 San Diego County Hydrology Manual and
was interviewed as part of this research report in order to provide some insight on the historical
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development of the currently utilized rainfall distribution. Prior to the implementation of the 2003
Manual, the 1993 Manual utilized a Type B rainfall distribution. The Type B rainfall distribution
was developed by Joe Hill using a log probability analysis that the County based on several
severe storms in Spring Valley in the 1970’s. When the hydrology manual development
committee was selecting the rainfall distribution to include in the 2003 Manual, Dr. Hromadka
presented a compelling argument to revise the distribution to the balanced storm rainfall
distribution documented in the “Hydrologic Analysis of Ungaged Watersheds Using HEC-1"
prepared by the US Army Corps of Engineers, dated April 1982 (referred to as TD-15). In
addition to adopting the rainfall distribution presented in TD-15, which contains the peak for a
24-hr storm at 12 hours, or the middle of the storm (also considered a 1/2:1/2 storm
distribution), Dr. Hromadka recommended that the storm peak be centered around 16 hours
(also considered a 2/3:1/3 distribution). Dr. Hromadka supported revising the TD-15 report
recommendation of 1/2:1/2 distribution to 2/3:1/3 distribution because detention basins sized in
San Bernardino County based on the 1/2:1/2 distribution were undersized and overflowed in
several major storms in San Bernardino County. As a result, the committee adopted the Nested
storm rainfall distribution with the 2/3:1/3 distribution skew. Other considerations playing into the
selection of the Nested storm distribution included the fact that the original Type B distribution
required two analyses be completed with one for the 6-hr storm and one for the 24-hr storm,
while the Nested storm rainfall distribution was applicable to all storm durations.

After adoption of the 2003 Manual, the City of Chula Vista had consultants use the new Manual
to size drainage facilities. Two consultants for the City, Mike Cairns, P.E. and Eric Mosolgo,
P.E., expressed concern that the drainage facilities were much larger than they would have
been if designed using the Type B rainfall distribution. The City of Chula Vista shared this
concern with the County of San Diego Flood Control Division. The County then retained the
services of Dr. Ted Hromadka to prepare a paper documenting why the 2/3:1/3 Nested storm
rainfall distribution was selected. This paper was less clear and compelling than Dr.
Hromadka’s initial arguments in favor of this methodology.

Mr. Bowling expressed a strong commitment to selecting a rainfall distribution that will be most
appropriate for the County of San Diego and result in appropriately sized stormwater facilities.

3.2.2 Interview with Dr. Howard Chang, Ph.D., P.E.

Dr. Howard Chang was interviewed by phone on August 24, 2010. Dr. Chang reported that he
is more familiar with the Type B rainfall distribution in which 6-hr and 24-hr storms are modeled
and the higher flow rate from the two models is chosen for design. Dr. Chang reported that he
has not used the Nested storm distribution much except for the Miller Creek project. He
observed that the difference between the 100-yr and 10-yr flow rates appeared to be smaller
with the Nested storm rainfall distribution. With the Type B rainfall distribution, the difference
between the 100-yr and 10-yr flow rates appeared to be larger. Dr. Chang did not have an
opinion on the 2/3:1/3 distribution of rainfall. In general, he noted that the Nested storm rainfall
distribution tends to result in higher peak discharges.
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3.2.3 Interview with Martin Teal, P.E., P.H., DWRE

Martin Teal was interviewed at the WEST Consultants, Inc. offices on August 27, 2010. Mr.
Teal reported that the Nested storm rainfall distribution is not new. It was developed by the
USACE as a hypothetical design event to size infrastructure. This distribution is used
extensively throughout the country and is built into the HEC-HMS software. Mr. Teal was not
asserting that, because it is used extensively, it is correct. For example, curve numbers are also
used extensively because they are easy to use but are known to introduce inaccuracies.

Mr. Teal noted that balanced hypothetical storms are the way people have generally modeled
rainfall distributions. For his studies, he uses a 1/2:1/2 distribution which is what he considers a
balanced storm. He chose not to comment on the 2/3:1/3 skewed distribution recommended by
Dr. Hromadka as he infrequently uses this distribution in his studies.

Factors affecting the confidence level in resulting stormwater flow rates and volumes were
discussed. Mr. Teal believes rainfall values indicated on isopluvial rainfall maps more strongly
impact flow rates and volumes than the pattern in how the rainfall is distributed. As a general
note, NOAA’s Atlas 14 revised the isopluvial maps for the desert regions recently but this
revision did not impact the San Diego coastal region.

In general, Mr. Teal indicated that the 1/2:1/2 Nested rainfall distribution is most common in his
experience, which is not to say it's the best. The 2/3:1/3 Nested rainfall distribution is more
conservative for detention basins.

Mr. Teal also chose not to comment on the Type B rainfall distribution as he has used it
infrequently.

3.2.4 Interview with Dr. Theodore Hromadka, Ph.D., Ph.D., Ph.D., P.H., P.E.

Dr. Hromadka was interviewed by phone on August 25, 2010. Dr. Hromadka noted that a
procedure to develop a Nested storm runoff hydrograph was advanced by Leo Beard around
1972. This approach used flood frequency curve estimates for various peak durations of runoff,
and resulted in a runoff hydrograph construct that had similar return frequencies of runoff
guantities for any peak duration of runoff. The resulting runoff hydrograph was considered to
be a "balanced runoff hydrograph”, and use of such a construct resulted in a drainage network
having similar return frequency levels of protection even though different times of concentration
were involved. The approach was later extended by Johannes J. DeVries, as published in
USACE Training Document #15, dated on or about April 1982, by building a rainfall pattern of
nested peak durations of rainfall of the same return frequency. Use of such a "balanced storm"
produces estimates of runoff that have the same return frequency for all peak durations, and
achieves the goals set forth in the approach presented by Leo Beard.
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In contrast, use of a fixed storm pattern such as the SCS Type B pattern results in a storm
pattern where, in general, no two peak durations have the same return frequency of rainfall. As
a result, in a drainage network with various values of time of concentration, different branches
with different time of concentration values will generally have different return frequencies of
rainfall being used for estimating runoff. This "unbalanced" type of storm pattern may result, in
general, with a mixture of return frequency runoff storm system elements depending on the
relevant time of concentration value at the particular point under study. For example, use of
such an unbalanced storm pattern may result in perhaps a 10-year return frequency level of
storm in the upper areas of the catchment, with perhaps 150-year return frequency rainfalls in
the confluence of much larger areas, all draining to perhaps a 100-year level of protection
downstream.

The TD-15 study is centered about 12 hours. The County of San Diego Nested rainfall
distribution is a 2/3:1/3 distribution centered around 16 hours. This skew does not change the
peak flow rate but does impact the volume of stormwater accumulated which impacts proposed
basin sizes. Theoretically, the rainfall distribution could be from largest rainfall to smallest or
vice versa. With the 1/2:1/2 distribution, the average is obtained. With the 2/3:1/3 distribution,
the result is about one standard deviation beyond the mean. The 2/3:1/3 distribution provides
the right return frequencies with an 85% confidence level for the storm timing, not the
maximum, within about one standard deviation of the mean.

3.2.5 Interview with Jim Zhu, P.E., CFM

Jim Zhu was interviewed by phone on August 24, 2010. Jim noted that the Type B rainfall
distribution was used prior to the implementation of the 2003 San Diego County Hydrology
Manual. The first draft of the 2003 Manual continued to include the Type B rainfall distribution.
However, the hydrology manual update committee discussed rainfall distribution methodologies
and decided to change to the Nested storm rainfall distribution. After the Manual was
implemented, the engineering community started to use the Nested storm rainfall distribution
and reported that, compared with the previous Manual, peak discharges increased. At this
point, Dr. Hromadka was retained to complete a calibration analysis to determine if the Nested
storm rainfall distribution provided an 85% confidence level that peak discharges were
appropriately selected. Jim Zhu still believes the studies resulting in the selection of the Nested
rainfall distribution methodology were based on limited information and may more appropriately
pertain to Los Angeles County and Orange County. The County of San Diego has decided to
update the 2003 San Diego County Hydrology Manual based on the results of additional study.
The results of additional study will show which rainfall distribution methodology is more
applicable to San Diego County.

Jim further noted that the Nested storm rainfall distribution in the 2003 Hydrology Manual is
distributed 2/3:1/3 and is based on the methodology outlined in the “Hydrologic Analysis of
Ungaged Watersheds Using HEC-1" prepared by the US Army Corps of Engineers dated April
1982, referred to as TD-15. This document recommends distributing the rainfall distribution
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1/2:1/2. Whether to use 2/3:1/3 or 1/2:1/2 distributions for the design storm pattern needs to be
discussed in the additional study for the updated hydrology Manual.

3.2.6 Interview with Dr. R. Edward Beighley, Ph.D.

Dr. R. Edward Beighley was interviewed by phone on August 30, 2010. Dr. Beighley indicated
that he does not typically use the Nested rainfall distribution outlined in the San Diego County
Hydrology Manual. The rainfall distribution he typically uses is the NRCS Type | rainfall
distribution, which is one of the available storm distributions provided in the HEC-HMS model,
which is more or less center loaded. Dr. Beighley indicated that there are no other standard
rainfall distributions published for the western United States. The reports referenced in the 2003
Hydrology Manual and supporting studies specifically indicate the rainfall distributions are
developed for the eastern United States and that storm patterns for the western United States
should be based on local data.

Dr. Beighley further noted that timing of the highest intensity rainfall period (e.g., £9-hours in
NRCS Type 1 vs. 16-hours in County’s Nested storm) is very important, especially for semiarid
watersheds that have undeveloped land uses. For example, in semiarid regions where there are
long periods of no rainfall, initial hydrologic conditions play an important role. The key point is
when the initial conditions of a watershed transition from pre-storm to saturated (i.e., the point
at which the conversion of rainfall to runoff is maximized). If the peak rainfall intensities arrive
before or after this point, there can be changes in peak discharge. For example, the increase in
peak discharge resulting from using the 2/3:1/3 storm distribution rather than the 1/2:1/2 storm
ranges from approximately 5% to more than 25% depending on the level of development in the
watershed. Thus, the selection of a rainfall distributions (1/2:1/2, 2/3:1/3 or other) is a critical
decision.

3.2.7 Interview with Dr. Victor Ponce, Ph.D.

Dr. Victor Ponce was interviewed on November 4, 2010 over lunch at the SDSU Faculty
Cafeteria. Dr. Ponce stated that the 1/2:1/2 nested storm distribution, as described in TD-15, is
most common throughout the country, but this does not make it the most accurate.

Dr. Ponce stated that he has not used the 2/3:1/3 Nested storm distribution, but after reviewing
Figure 4-1 from the 2003 County Hydrology Manual (provided as Exhibit 7 below), he concludes
that the 2/3:1/3 time distribution has reduced peak flows when compared to the 1/2:1/2 time
distribution. The 1/2:1/2 time distribution should provide a more conservative result except in
instances where drainage structures such as detention/retention structures are being designed;
then it appears that the 2/3:1/3 time distribution would produce a more conservative design for
these structures.
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Exhibit 7: Rainfall Distribution for San Diego County (Figure 4-1 of 2003 SDCHM)

Dr. Ponce also noted that while other data such as the rainfall depth-area adjustment curves
shown in Figure 4-2 of the 2003 County Hydrology Manual (provided as Exhibit 8 on the next
page) have served the County well over a number of years, the technology and raw data
available to the County today is such that now might be an excellent time to review and fine
tune this data and make it specific to San Diego County.
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4. REVIEW OF THE HROMADKA REPORT
4.1 Review of Hromadka Report

The Hromadka Report was reviewed by Dr. R. Edward Beighley, Ph.D., Associate Professor,
San Diego State University, Acting Civil Engineering Department Director.

This report (Hromadka, 2007) summarizes the results from an updated flood frequency analysis
for the Los Angeles County Drainage Area (LACDA) and a comparison of simulated design
discharges (e.g., 100-year flow) based on Orange and San Diego County design Manuals. The
report builds on an early study performed by the U.S. Army Corps of Engineers (USACE) in the
early 1980’s by including an additional 25-years of annual peak flow data. Thus, the goal of the
study is to determine if the inclusion of the recent 25-years of data alters flood frequency
behavior or the performance of the previously developed flood discharge estimation methods.

The bulk of the report discusses the importance of discharge time series skew in the Bulletin
17B methods. There are three skew options: site skew, map skew or a weighted skew. For this
study, site skews from the annual peak discharge series were used to remain consistent with
the earlier USACE study. The study provides a thorough review and application of statistical
analysis to determine the flood frequency distribution for the selected study sites.

Overall, the study finds that there are minimal changes in the flood frequency behavior from the
previous period (ending in ~1980) of record and the updated period (i.e., including ~1980-2005
years). For the 5 study watersheds located in the LACDA, the change in the estimated 85%
confidence level estimates for the 100-year flood ranged from 1% to 17% with a mean change
of only 8%. Based on these findings, the report concludes that methods developed with the
data ending in about 1980 are still valid as of the early 2000’s (i.e., there are no significant
changes to the updated flood frequency distributions).

The report discusses an application of the San Diego County Hydrology Manual’s single area
unit hydrograph method to the Los Coches Creek watershed (USGS Id 11022200; 12.2 sg mi;
1983-2005). However, due to changes in urbanization, the peak discharges were adjusted
based on the ratio of the area weighted runoff coefficient in a given year relative to the runoff
coefficient value for year 2005. Here the primary driver for changing the coefficient was
imperviousness. This is a logical, consistent method for adjusting discharges. In this analysis,
the report indicates that the use of the SCS loss method is especially sensitive to the selected
design storm. However, there are no details provided for this analysis.

Due to the shape of the Los Coches Creek’s flood frequency curve and the effects of skew, the
watershed was dropped from the study. Rather, the 40 sq mi example watershed (Example 3.2)
in the 2003 San Diego County Hydrology Manual was used. However, there are no details
provided for this second analysis. Specific to San Diego County methods, only a table listing the
100-year discharges estimated from the SCS (18,544 cfs) and Urban (16,471 cfs) S-graphs are
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provided. The difference in the methods is 2,073 cfs or 11%. Note, these results are due to
difference in the loss model (SCS vs. 2-parameter model) and the Unit Hydrograph (i.e., S-
Graph) (SCS vs. Urban). There is no _analysis provided that addresses the effect of rainfall
distribution.

In summary, there are three key findings from the review of the May 2007 report.

(1) The updated flood frequency distributions (i.e., the additional 25-years of data) are similar to
the previously determined distributions. This finding suggests that previously developed
methods should exhibit similar performance in terms of estimation of flood discharges.

(2) Although no details or results are provided, the report states that the SCS loss methods are
especially sensitive to the design storm distribution. Thus, the report suggests that the County
Manual, which uses the SCS loss methods, is especially sensitive to the design storm but
provides no details or quantitative assessment of the design storm.

(3) The report provides no basis and/or assessment of the San Diego County Hydrology

Manual’'s design storm. This point highlights the need for an investigation focused on the
temporal distribution of design storms to be used in San Diego County.
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4.2 Review of Supporting Material for Hromadka Report

The 2003 Hydrology Manual references the HEC TD-15 report as the basis for the Nested
storm (2/3, 1/3) specified in the Manual. However, there appears to be some conflicting
information in the Manual. For example, on page 4-5, the Manual states that the Nested storm
in Figure 4-1 is the “balanced storm” from the TD-15 report. However, this is not correct. The
“balanced storm” referenced in TD-15 is the storm centered on hour 12 (USACE, 1982). At the
bottom of page 4-5, the Manual states that TD-15 suggests the use (1/2, 1/2) storm for the 100-
year storm. This is consistent to what is discussed in TD-15 (USACE, 1982).

As support of the (2/3, 1/3) Nested storm, pages 4-5 and 4-6 of the Manual reference a
sensitivity study (Hromadka, 1987) that investigated the two storm distributions (1/2, 1/2) and
(2/3, 1/3) on flood discharge estimation. Although this is consistent with the statements
presented in Hromadka (1987), the 1987 study provides only a relative comparison between
peak discharges from the two storms. For example, Plate 1 in the report shows the variations in
which is defined here as @7 :

_ Qp.r (lag)
Qpr(2hr — lag)

Qr

where r is the either the 1/2:1/2 or 2/3:1/3 rainfall distribution, Q,(lag) is the peak discharge
resulting from a given lag time and loss rate, and Q,(2hr-lag) is the peak discharge resulting
from a 2-hr lag time and zero in/hr loss rate. As stated in the report, the comparison of Q, for
various lag times shows little difference between storm patterns. However, this provides no
comparison to the actual magnitudes of peak discharge. For example, a hypothetical case may
result in Q*(1/2,1/2) = 900 cfs / 1000 cfs = 0.9. Similarly, assume Q*(2/3’1/3) = 1350 cfs / 1500 cfs =
0.9. Although 0.9 is the same for both of the above Q’, values, the difference in peak discharge
is 500 cfs (33%). In Hromadka (1987), it is not possible to compare the actual discharges.
Thus, the reference in the 2003 Hydrology Manual suggesting there is minimal difference
between the (1/2, 1/2) and (2/3, 1/3) rainfall distributions per Hromadka (1987) is correct only in
terms of relative discharge. The statement is not substantiated in terms of impacts on estimated
flood discharges. Although it may be true, this conclusion cannot be made from information
presented Hromadka (1987).

Upon further review, the discrepancies surrounding the 1/2:1/2 versus the 2/3:1/3 rainfall
distribution applicable to San Diego County may result from somewhat vague discussions in
earlier publications. For example, TD-15 references two storms: (1) the Hypothetical Storm
developed by the National Weather Service (e.g., 100-yr) and (2) the Standard Project Storm
developed by the USACE. However, the report is not clear as to their differences and/or
intended uses. On page A-13 of TD-15, the report states that the Standard Project Storm
(SPS) distribution is sometimes applied to hypothetical-frequency storms, but it was specifically
derived for events much rarer than even the 100-yr storm (USACE, 1982). Later in the report,
an example is provided specifically for the U.S. east of the Rocky Mountains for areas less than
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1,000 mi®, where the Nested storm (2/3:1/3) or the SPS is used. In this example, the Engineer
Manual 1110-2-1411 is referenced as the source of the SPS. However, EM-1110-2-1411
clearly states the presented SPS should not be used west of the Rocky Mountains, where
rainfall patterns are different (USACE, 1965). In TD-15 (page 109, Figure 10.3), the SPS
distribution results in discharges with return periods ranging from approximately 200-years to
400-years (USACE, 1982).

This issue of Standard Project Storms versus Frequency Based Storms also exists in the 1993
version of the San Diego County Hydrology Manual. For example, page II-B-1 of the Manual
states that the 6-hour Type B rainfall distribution may produce larger flows than the 24-hour
Type B distribution and that the larger peak flow should be used. The 6-hour Type B rainfall
distribution is based on TR-60 (USDA, 1985). However, in TR-60, the 6-hour Type B
distribution presented is intended for emergency spillway and freeboard design for dams, which
tends to focus on less frequent, larger events nearing the Probable Maximum Precipitation
(PMP) type event (e.g., Table 2-5 in USDA, 1985).

In summary, the difference between the 1/2:1/2 and 2/3:1/3 rainfall distributions as stated in the
literature can be generalized as follows. The 1/2:1/2 distribution is for frequency based flood
modeling (e.g., 100-yr flood), and the 2/3:1/3 distribution is for very rare ultimate design cases
for critical structures like dams (not based on frequency or return period).

5. SUMMARY OF RAINFALL DISTRIBUTION METHODOLOGY RESEARCH
CONDUCTED

5.1 Summary of Research Conducted

The rainfall distribution methodology was researched for the following areas:

Alameda County, California
County of Sacramento, California
County of Orange, California
County of San Bernardino, California
County of Kern, California
County of San Joaquin, California
Imperial Irrigation District, California
Fresno County, California
Los Angeles County, California

. City of Los Angeles, California

. Riverside County, California

. Santa Clara County, California

. Maricopa County, Arizona

. Pima County, Arizona
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Table 1: Summary of Rainfall Distribution Methodology Research

JURISDICTION RAINFALL DISTRIBUTION METHODOLOGY USED
Alameda County, | A hypothetical rainfall distribution calibrated for local conditions is used
California for the 6-hour and 24-hour storms.

County of For short duration storms (6-hour, 12-hour and 24-hour storms) a center
Sacramento, peak balanced storm is used. For longer duration storms (36-hour, 5
California

and 10 day) a multiple event distribution derived from historical storm
data is used.

County of Orange,
California

For short duration storms, using a rainfall distribution centered around
16 hours for a 24-hour storm; for watersheds with flow through detention
basins, using a multiday rainfall distribution, for flow by detention basins,
using a slightly revised multiday rainfall distribution.

County of San

Using a rainfall distribution centered around 16 hours for a 24-hour

Bernardino, storm.

California

County of Kern, Using a rainfall distribution centered around 16 hours for a 24-hour
California storm.

County of San
Joaquin, California

SCS per Technical Release TR-20, per Technical Release TR-5 or SCS
rainfall distribution per HEC-1 and/or HEC-RAS.

Imperial Irrigation
District, California

A modified 24-hour SCS rainfall distribution is used. The distribution
has been adjusted for watershed area effects and has been constructed
with several Nested storm intervals to fit local rainfall data.

Fresno County,

Indicates rainfall distribution information is from rain gauges that have

California been analyzed by specialists with the California State Department of
Water Resources (DWR) per Caltrans HDM.

Los Angeles Using a 24-hour unit hyetograph derived from a modified alternating

County, California | block method and a regionally specific location of inflection point.

City of Los The rainfall distribution method used is a 24-hour pattern storm

Angeles, California

producing 6-inches of rain that is based on many rainfall records.

Riverside County,

Rainfall distribution based on the Indio area thunderstorm of September

California 24, 1939 for 3 and 6-hour patterns and the general storm of March 23,
1938 for 24-hour pattern.
Santa Clara The 24-hour rainfall distribution is based upon the three-day December

County, California

1955 rainfall event, considered the storm of record for northern

California.

Maricopa County,
Arizona

6-hour rainfall distributions are derived from NOAA statistical data and
US Army Corps of Engineers analysis of the Queen Creek Storm of
August 19, 1954. There are 5 different patterns based on area of
analysis. The 24-hour rainfall distribution used is the SCS Type I
distribution.

Pima County,
Arizona

Uses a 3-hour SCS Type II Storm, and a 24-hour SCS Type | Storm,
selected based on analysis of local rainfall patterns.
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5.2 Summary of Interviews Conducted

Interviews were conducted with the following individuals:

Dennis Bowling, M.S., P.E.

Dr. Howard Chang, Ph.D., P.E.

Martin Teal, P.E., P.H., D.WRE

Dr. Theodore Hromadka, Ph.D., Ph.D., Ph.D., P.H., P.E.
Jim Zhu, P.E., CFM

Dr. R. Edward Beighley, Ph.D.

Dr. Victor Ponce, Ph.D.

Table 2: Summary of Interviews Conducted

INTERVIEWEE | GENERAL OPINION ON RAINFALL DISTRIBUTION METHODOLOGY
Dennis Bowling, Mr. Bowling expressed a commitment to get the rainfall distribution
M.S., P.E. appropriate for San Diego County. He does not want stormwater

facilities undersized resulting in unexpected flooding or oversized
resulting in greater costs to construct.
Dr. Howard Dr. Chang indicated that he is more familiar with the Type B distribution.
Chang, Ph.D., He chose not to comment on the 2/3:1/3 distribution in the new Manual.
P.E.
Martin Teal, P.E., Mr. Teal uses a 1/2:1/2 distribution which is what he considers a
P.H., D.WRE balanced storm. He chose not to comment on the 2/3:1/3 skewed

distribution recommended by Dr. Hromadka as he infrequently uses this
distribution in his studies.

Dr. Theodore
Hromadka, Ph.D.,

Ph.D., Ph.D., P.H.,

Dr. Hromadka is a strong supporter of the 2/3:1/3 skewed distribution as
he believes this provides greater confidence in predicting storm event
guantities.

P.E.

Jim Zhu, P.E., Mr. Zhu indicated that the TD-15 which is referenced in the 2003

CFM Hydrology Manual actually pertains to a 1/2:1/2 rainfall distribution
pattern. Whether to use the 2/3:1/3 or 1/2:1/2 distribution for the design
storm pattern needs further study

Dr. R. Edward Dr. Beighley reported that he typically uses a center balanced storm in

Beighley, Ph.D. his studies and does not use the 2/3:1/3 distribution.

Dr. Victor Ponce,
Ph.D.

Dr. Ponce reported that the 1/2:1/2 distribution for hydrologic studies is
the most commonly used.
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5.3 Summary of Review of Hromadka Report

5.3.1 Summary of Review of Hromadka Report
In summary, there are three key findings from the review of the May 2007 report.

(1) The updated flood frequency distributions (i.e., the additional 25-years of data) are similar to
the previous distributions. This finding suggests that previously developed methods should
exhibit similar performance in terms of estimation of flood discharges.

(2) Although no details or results are provided, the report states that the SCS loss methods are
especially sensitive to the design storm distribution. Thus, the report suggests that the County
Manual, which uses the SCS loss methods, is especially sensitive to the design storm but
provides no details or quantitative assessment of the design storm.

(3) The report provides no basis and/or assessment of the San Diego County Hydrology
Manual's design storm. This point highlights the need for an investigation focused on the
temporal distribution of design storms to be used in San Diego County.

5.3.2 Summary of Supporting Material for Hromadka Report
In summary, the difference between the 1/2:1/2 and 2/3:1/3 rainfall distributions as stated in the
literature can be generalized as follows. The 1/2:1/2 distribution is for frequency based flood

modeling (e.g., 100-yr flood), and the 2/3:1/3 distribution is for very rare ultimate design cases
for critical structures like dams (not based on frequency or return period).
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. Introduction

In this report is presented a summary of the tasks accomplished in evaluating the
performance of the new Hydrology Manual for the County of San Diego. At issue are the
confidence levels achieved by the new Manual's methodology and how the many
components used in the modeling relate to these confidence levels. Because the Manual
contains mathematical models of various components and processes of the hydrologic
cycle, as well as statistical properties of the rainfall and runoff observed in the County's
watersheds, the ensemble of these components form a hydrologic model that is used in
predicting runoff quantities associated with target return frequencies. The model can also
be used in rainfall-runoff analysis of actual storm events, and hence there is good reason
to use a model that reasonably approximates such rainfall-runoff observations. Thus,
there are two goals linked to the resulting hydrologic model, namely, approximating the
rainfall-runoff relationships as observed locally, and approximating runoff quantities of
prescribed return frequencies at specified levels of confidence.

The course of the project changed during the test watershed phase of analysis where a
single test watershed was to be evaluated using the current Manual's single area unit
hydrograph (UH) design storm modeling approach. Because only a single watershed was
to be tested, the choice of that test watershed became the subject of scrutiny due to the
limited variety of stream gage records and watershed histories. A test watershed was
eventually selected, and a flood frequency analysis completed after the gage record was
adjusted for the effects of urbanization. However, due to the flood frequency curve shape
observed and the effects of the skew used, it was decided that better information would
be obtained by examining the sensitivity of the current modeling approach versus use of
alternative and readily available methods for several of the modeling components (e.g.,
depth-area curves, loss function construct, S-Graphs, lag estimation procedure, among
other possible considerations.) As such, the project evaluated the 40-square mile test
watershed problem already contained in the Manual, and modeling results were re-
generated for a variety of modeling component substitutions. These modeling results are
contained in this report.

From the study effort, it was concluded that the current Manual meets or exceeds the 85-
percent upper confidence level goal in the estimation of runoff quantities. The current
modeling procedure is found to produce runoff estimates which approximately match or
exceed analogous analysis results generated by use of the County of Orange procedures.
These procedures were, in turn, calibrated to the COE LACDA procedures and
calibration results.

Recommendations for future research are offered in the last section of this report which
may be of possible interest for future consideration.
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I1. Testing the Original LACDA Calibration Effort

A) Update of 25 Years of Stream Gage Data

In the early 1980’s, the United States Army Corps of Engineers (COE) Los Angeles
District Office prepared a rainfall and runoff unit hydrograph method calibration study
for the Los Angeles County Drainage Area (LACDA), encompassing drainage areas of
hundreds of square miles and dozens of stream gages and rain gages. Subsequent to that
regional study, local county flood control agencies utilized those data and results to create
their county flood control hydrology design criteria and documented their procedures in
Hydrology Manuals. For example, the County of San Bernardino published their
Hydrology Manual in 1983. In 1985, the Orange County Environmental Management
Agency (OCEMA) published a calibration of the unit hydrograph procedure, and
subsequently produced the Orange County Hydrology Manual in 1986. The County of
San Bernardino followed in these footsteps and updated their Hydrology Manual in 1986
to incorporate the calibration. In 1989, the County of Orange extended their calibration
effort by examining lower confidence levels (“Investigation of Mitigation Needs for

Changes in Duration Floodflows Due to Development”, Williamson and Schmid, July
1989).

The stream gage data originally used in the LACDA regional calibration included data up
through the early 1980’s. Now that some quarter of a century of additional data is
available, a comparison of new flood frequency curves and confidence levels is
appropriate in order to determine whether or not the additional data has any effect on the
original results.

B) Bulletin 17B Procedures

The procedures recommended for flood-frequency analysis by U.S. federal agencies and
in general use in the United States are those given in [20], a reference which is commonly
referred to as (Bulletin) 17B; also see [31], [25], [21], and [13]. The confidence levels
computed following the procedure in 17B are not accurate, therefore in the original
LACDA calibration, simulations were used to give confidence levels using the
methodology described in [32]. Because of the substantial increase in computing power
now available, the simulations of [32] can be recreated with much greater accuracy.

The development of the procedures given in Bulletin 17B is described in [13]. A prior
discussion was that of [30], the title of which, “A Uniform Technique for Flood-
Frequency Analysis” indicates the important goal of 17B: to provide a uniform technique
which would facilitate comparisons among various areas of the United States. An
indispensable reference is [28]. The procedure adopted can be thought of as consisting of
the following steps:

(1) Choose a distribution to represent annual maximal discharges. The
distribution chosen was the Log-Pearson III distribution. This choice is discussed in
Appendix 14 of 17B; see also [3], [4] and the comprehensive [13].

(2) Estimate the skew parameter for this distribution. The skew of the
distribution can be estimated by combining skew data from several stations [20] [pgs 10-



15]. The variability of skew estimates based on site data alone led to a 17B recommended
procedure of using a map of skew values for the United States, which is discussed in [23],
[24], and [29]. Since the skew estimators specified in 17B use either a regional skew or a
combination of a regional skew and a site skew, it is difficult to precisely model the
variability in these estimators because that requires a joint distribution for regional skews
and nearby site skews and there is scant available information about such a distribution.
Because of this, the original LACDA regional calibration and this update use the adopted
site skew in the calculation, ignoring the variability inherent in choosing this skew. For
this simplified model it is possible to compute confidence levels with high accuracy.
(There have been attempts to include the effects of the variability of the skew estimator,
e.g. [9], [34], [35], and [6], [10], [11], with, as would be expected, less accuracy and with
corresponding greater complexity than in the simpler situation modeled here .)

(3) Calculate remaining parameters. Various procedures have been examined
for computing the remaining parameters of the distribution; for example, maximum
likelihood [8], and see [6], [10], [11]. Bulletin 17B uses the usual estimates for the mean
and standard deviation of logs of the yearly maximal discharges. These estimates and the
value of the skew give enough information to estimate the three parameters in the
Pearson III density.

(4) Use the resulting distribution to estimate various statistical aspects of the
maximal flood distribution. An explicit requirement in the development of the
methodology of 17B was that the calculations involved be easy to perform. This was
accomplished by an estimation involving only the computation of the mean and standard
deviation of the relevant discharge data, as noted above, and by looking up a tabulated
constant. Specifically, a flood frequency curve for the discharge Q is obtained, for the

given skew, from the basic equation (1) of [20]
logQ = 1+ oK, (1)

where /1 and 6 are the usual estimators for the mean and standard deviation of the

logarithms of the maximal annual discharges, and K is read from a table given in terms
of exceedance probability and skew (which implicitly implies a skew value which is
known exactly). [20], [16], [17]. The plot of the values of equation (1) for values of K
corresponding to various exceedance probabilities gives the flood-frequency curve of
17B.

C) The Flood Frequency Curve

The underlying (mandated) hypothesis of 17B is that the series of yearly maximum
discharges from a catchment at a gage have a Log-Pearson III distribution [15], [12], [2].
The density for the logarithms then has the form

b-1
f(t)= %e‘m‘"”a] for (t—c)/a>0, (2)



I'(b) the gamma function, and f(t) =0 for (t—c)/a < 0. The parameter b is related to

the skew y, denoted by G in 17B, byb = 4/y7 ; the parameter a has the same sign as the

skew. For the important case of zero skew the distribution can, by a limiting argument, be
shown to be a normal distribution.

In terms of the scaled variable x = (t —c)/a, the density for x >0 is
b-1

X

o) e, 3)

F) =

The values of K in the table in [20] are given in terms of skew and exceedance
probability p'. Here the probability p =1— p', related to the T-year flood by p=1-1/T ,

will be used instead of p'. The K values given in 17B can be calculated in two steps:
(1) Given a probability p, use the distribution in equation (3) to find a value K'
with the property that a random va